Chapter

Incentive-Based
Strategies: Emission
Charges and Subsidies

In the last chapter we discussed some of the advantages and disadvantages
of using a standards approach to pollution control. Although standards seem-
ingly offer direct control of polluting activities, in many applications they
have serious drawbacks by virtue of their tendency to treat all sources alike
even though they may be very different, and to lock in certain technologies. A
major problem is that they typically are unable to take advantage of the private
information that polluters have about means and procedures they could use
to reduce pollulion. Incentive-based (IB) environmental policies are designed
to rectify these drawbacks. IB plans work by having public authorities first
set averall objectives and rules, and then leaving firms enough latitude that
their normal commercial incentives will lead to the adoption of cost-effective
pollution-control procedures and technologies.
There are basically two types of incentive policies:

1. charges and subsidies and
2. transferable discharge permits.

Both require centralized policy initiative to get started but rely on flexible firm
responses to attain efficient pollution control. In the first, firms are given latitude
to respond however they wish to what is essentially a new price for using the ser-
vices of the environment. The second is designed to work more or less automati-
cally through the interactions among polluters themselves or between polluters
and other interested parties. In recent years many countries, including the United
States, have introduced programs of transferable discharge permits, also cailed
market-based incentive programs. In Europe, many countries have relied upon
environmental charges to motivate emission reductions, as well as raise public
revenues. Exhibit 12.1 notes some of the plans adopted in Europe. In this chapter
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© Since the early 1990s, many countdes in

Europe have intraduced green taxes_on
eraissions directly or on activities and/or
products that.contribute to nisslons..
The vast majority of these are taxes on
moter fuels. The original justification of
these taxes was Lo raise reveriues; more
recently they are aimed at reducing fuel
use and carbon -dioxide (CO,) emissions.
‘But numerous othier environmental taxes

. have been startecd. Many countiies now

have Laxes on nitrous oxide (NOy) emis-

- sions. Denrmark and Norway, as well as

the Unifed States, have laxes on gzone:
depleting sulstances. MNumerous. taxes
axist on sofid-waste rmaterials destined
“for landHills and specific ftems such as bat-
tetles and cameras, Norway in 2004 In-
troduced a tax on mercury releases from
tandFills; Denmark. in 2005 introduced a
tax on phosphorus. Various taxes have
also been started on pesticides and fertil-
jzer uses,

Furopean countries have been active
in introducing taxeson emissions of green-
house gases, particularly COs. Finland

was one of the frst o do this, with rev

enues used partly to offset taxes on em-
ploytnent. Sweden introduced CO taxes
in 1991, as did Switzerland in 2008, and
Irefanel introduced a carbon tax around
e same time, In France an effort was
made to introduce a broad tax on COp
emissions, but it ran into a common frm-
plementation probiem: 5o many exemp-
tions for specific Industries (especially ag-
riculture) that it was mever institutec.

Sources: Organization for Economic Coopera-
ion arid Developiment, Environmentally Refated
Taves in QECD Couniris: Isswes und Strategles
(2001Y; Instrument Mixes Addressing Mercury
Ernissions to Ajr (2064); Inslrument Mixes Ad-
dressing Non-Point Sources of Waler Polfution
(20053; The Politicei Feomory of the Nocwegicn
Aviation Fuel Tax (2005) The United Kingdon
Climate Change Levy (2004); Toxation, Innover-
tion emd the Environment, (2010).

we examine U

can serve o put maore teeth into en

stantially improve the cost-effectiveness of the

, 1e economics of emission charges and subsidies. In the next chapter
we will consider the technigue of transferable discharge permits.
Pravironmental economists have long favored
incentive-based policies more thoroughly into en

the idea of incorporating
vironmental policies. These
vironmental policies in many cases and sub-
se policies. But keep in mind

something said before: No single type of policy is likely to be the best in all
circumstances. [ncentive-based policies are no exception. They have strengths
and they have weaknesses. The strengths are sufficiently strong to encourage
greater reliance on them in many circumstances. But there are many types of

environmental problems where they may not be as useful as other approaches.

Emission Charges

Firms pollute because they do not take into account the social damage their
actions cause, Thus, the most straightforward approach to controlling emis-
sions is for authorities to charge a price for these emissions. ‘This can be done in
two ways: by charging for each unit of emissions or by giving a subsidy for each
unit of emissions that the source cuts back.
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We deal first with emission charges, sometimesalso called “emission taxes.”

In a charge system polhiters are told: “You may discharge any amount of resid-
uals you wish, but your emissions will be méasured and you will be requncd
to pay a certain-charge for every unit {e.g., ton) of effluent you discharge.”
For example, one of the fifst emission chm gcs proposed in the United States
was in- 1970, when President Nixon recommended a tax of 15 cents per pound
on sultfur emissions from large power plants. It was never adopted. When an
emission charge is put into effect, firms responsible for emissions must essen-
tially pay for the services of the environment—transportation, dilution, chemi-

cal decomposition, and so on—just as they must pay for all other inputs used
in their operations. And just as they have always had an incentive to conserve
on scarce labor and other conventional production inputs, they will now have
an incentive to conserve on their use of environmental services. How do they
o this? Any way they wish (within reason). This may sound Fflippant but in
fact it represents the main advantage of this technigue. By leaving polluters
free to determine how best to reduce emissions, this type of pohcy attempts to
harness their own energy and crmtlwty and their desire to minimize costs, to
find the least-cost way of reducing emissions. It could be any combination of
treatment, internal process changes, changes in inputs, recycling, shifts to less
polluting outputs, and so on. The essence of the charge approach is to provide
an incentive for the polluters themselves to find the best way to reduce emis-
sions, rather than having a central authority determine how it should be done.
And in so doing, they will have a strong incentive to use the private information
they have about the pollution-control costs of alternative technologies.

The Basic Fconomics

The essential mechanics of an emission charge are depicted in Figure 12.1. The
numbers refer to a single source of a particular pollutant. The top panel shows
the analysis numerically, while the bottom shows essentially the same informa-
tion graphically. The tax has been set at $120/ton/month. The second column
in the top panel shows the firm's marginal abatement costs and the third column
shows total abatement costs. The last two columns show the total monthly tax bill
the firm would pay at different emission levels, and the total cost, consisting of
the sum of abatement costs and the tax bill. We see that the minimum total cost
of $855 occurs at an emission rate of 4 tons/month. Let's pursue the logic of this
by considering marginal abatement costs. Suppose the firm is initially emitting
10 tons fmonth; if it were to cut emissions to 9 tons, it would cost $15 in abatement
costs, but it would save $120 in total tax bill, clearly a good move. Following this
togic, it could improve its bottom line by continuing to reduce emissions as long
as the tax rate is above marginal abatement costs. The rule for the firm to follow
is thus: Reduce emissions until marginal abatement costs are equal to the charge
on emissions. This is shown diagrammatically in the bottom part of Figure 12.1.

With a continuous matg,lmi abatement cost function, it's possible to talk about
fractions of tons of emissions, something we could not do in the upper panel. So
the graph is drawn to agree with the integer values above; that is, the charge of
$120 leads the firm to reduce emissions to exactly 4 tons/month,
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FIGURE 12.1  An Emissions Charge

Marginal Total Tofal Tax
Emisslons Abatement Apatement Bill at Fotal
(tons/month) Cost Cost $120/Ton Costs
10 0 0 1,200 1,200
o 15 15 1,080 1,088
8 30 45 960 1,008
7 50 95 840 935.
6 70 165 720 885
5 95 260 600 860
4 120 375 480 855
3 150 525 360 885,
2 185 710 240 950
1 230, 940 120 1,060
0 290 1,230 0 1,230

0 2 4 5
Emissions (tonsfmonth)

8

After the firm has reduced its emissions to 4 tons/month, its tokal (monthly)
tax bill will be $480. Its monthly abatement costs will be $375, Graphically, total
abatement costs correspond to the area under the marginal abatement cost func~
tion, labeled b in the figure, The total tax bill is equal to emissions times the tax
rate, or the rectangle labeled a. Under a charge system of this type, a firm's total
cost equals its abatement costs plus the tax payments to the taxing authority.
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Why wouldn’t the firm simply disregard the charge, continue to pollute
as it has been doing, and just-pass the charge on to consumers in the form of
higher prices? If the firm stayed at 10 tons of emissions, i total outlay would
e §1,200/month, congisting entively of tax payment. This is much higher than
the $855 It can achieve by cuttmg back to 4 tons/month. The assumption in an
emissions charge program-is that competitive pressures will lead firms to do
whatever they can to minimize their costs. Thus, when there is. competitmn in
the industry subject to the emission tax, it will Iéad firms to reduce emissions in
response to'the tax. By the same token, however, we-must recognize that if com-
petition is-weak; firms may not respond in this way, Blectric power plants,, for
example, are usuall‘y opmatcd by regulated monopolies subject to oversight by
public utlhty commissions. They may not respond to chargo.s on sulfur dioxide
(80;) emissions in the same way as firms that operate in more competitive
economic climates.

Far competitive firms, the amount of the response will dc:pe‘nd on several
factors. The higher the charge, the greater -the reduction, and vice versa. In
the examp e of Figure 12.1, a tax of $50 would have led the source to reduce
emissions omly to 7 tons/month, whereas one of §180 would have produced a
cutback to 2 tons/month; that is, the firm would select an emissions quantity
closest to where MAC equals the charg{, Also, the steeper the marginal abate-
ment cost function, the less emissions will be reduced in response to a tax. We
will come back to this later.

Comparé the charge approach with an emission standard, With the tax the
firm’s total outlay is $855. Suppose that, instead, the authorities had relied on an
emission standard to get the firm to reduce emissions to 4 tons/month. In that
case the firm’s total outlay would be only the $375 of abatement costs. Thus, the
charge system encls up costing the firm more than the standards approach. With
a standard, the firm has the same total abatement costs as in the charge system,
but it is still essentially getting the services of the envivonment fri_e whereas
with a charge system it has to pay for those services. But although polluting
firms would thus prefer standards to emission charges, there are good reasons,
as we shall see, why society would often prefer charges over standards.

The Level of the Charge

In competitive situations, higher charges will bring aboul greater reductions
in emissions, but just how high should the charge be sel? If we know the mar-
ginal damage function, the answer presumably would be to set the charge so
as to prodiwce the efficient level of emissions, as in Figure 12.2. Ata charge rate
of 7, emissions are e¥, and marginal damages equal marginal abatement costs.
The firm’s total costs of emission control are divided into two types: total abate-
ment costs {compliance costs) of ¢ and total tax payments of (¢ + b + ¢ + o).
The former are the costs of whatever techniques the firm has chosen to
reduce emissions from ¢y to ¢*, whereas the latter are payments to the control
agency covering the charge on the remaining emissions. Fram the standpoint
of the firm, of course, these are both real costs that will have to be covered out
of revenues. From the standpoint of society, however, the tax payments are
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ement costs. Whereas the Intter Involve real resources

fed orvan and therefore real social costs, the emission charges are actually transfer
h In that payments, payments made by the firms (ultimately by people who buy the
. Thus, the firms’ output) to the public sector and eventually to those in sociéty who are
flaonch. With benefited by the resulting public expenditures. When a firm considers its costs,
e system, it will include both abatement costs and tax payments; when considering the
e, whercas social costs of a tax progran, it is appropriate to exclude transfer payments.

polluting The reduction of emissions from ep to ¢* has eliminated damages of (¢ + J3!
Remaining damages are (& + d), an amount less than the firm pays in taxes.
This underscores the idea that the emission charge is based on the right to use
environmental resources, not on the notion of compensation, But-a “flat tax’
Jike this (one tax rate for all emissions) has been criticized because it would
often tead to situations where the total tax payments of firms would substan-
he mas- ' tially exceed remaining damages. A way around this is to institute a two-part

e tax the different from the abat

emission charge. We allow some initial quantity of emission to go untaxed, ap-

erate , plying the charge oniy to emissions in excess of this threshold. For example, in
:w Cl‘:‘*i% ' Figure 12.2 we might alk?w the f‘wm‘ ¢y umitsls of emissions free of tax and apply
o ate- g the tax rate of I to anything over this. In this way the firm would still have the
i+ 0. ' incentive to reduce emissions to ¢, but its total tax payments would be only

(¢ + d). Total abatement costs, and total damages caused by the ¢ units of emis-

sions, would still be the same.

How might the charge be se
function? Emissions are connected to
the lower the ambient concentration of the pollutant, in genera

tif regulators did not know the marginal damage
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might be to set @ fax and then watch carefully to see what this did in terms of
improving ambient quality levels. We would have. to wait fong enough to give
firms time to respond to the tax. If ambient quality does notimprove as much as
desired, increase the charge; if ambient quality improves maore than is thought
appropriate, lower the.charge, This is a suceessive approximation process of
finding the cowrect fong-run emissions charge. It i§ not at all cdledr whether this
approach would be practicable in the real world. In regponding to a charge,
polluters would invest in a variety of poltution-control devices and practices,
many of which would have relatively high up-front costs. This investment pro-
cess could besubstantially upset if, shortly afterward, the authoritieg shift to a
new tax rate; Any agency trying to use-this method to find the efficient charge
rate would undoubtedly find itself embroiled in a brisk political battle. Rather
than plarming to make successive adjustments in the tax rate, there.would be a
strong incentive for policymakers to determine the correct rate at the beginning,
This would put a premium on prior study to get some idea of the shapes of the
aggregate abatement and damage cost curves.

Emission Charges and Cost-Effectiveness
Perhaps the strongest case for a policy of effluent charges is to be made on
grounds of their effects in controlling multiple sources of emissions in a way
that satisfies the equimarginal principle. If the same tax rate is applied to
different sources with different marginal abatement cost functions, and each
source reduces its emissions until its marginal abatement ‘costs equal the tax;
then marginal abatement costs will automatically be equalized across all the
sources,

This is depicted in Figure 12.3.! We assume here that there are two sources of a
particular type of emission, labeled Source A and Source B. Also assume that these
emissions, after they leave the respective sources, are uniformly mixed together,
s0 that the emissions of the two plants are equally damaging in the downstream,
or downwind, impact area. The marginal abatement costs for the two sources are
the same as those we used in the last chapter. They are shown in graphical form
at the bottom of Figure 12.3. The marginal abatement costs of Source A increase
much less rapidly with réductions in emissions than do those of Source B. Tn the
real world, differences like this are normally related to the fact that the firms
are using different production technologies. They may be producing different
outputs (e.g,, a pulp mill and a food-canning firm), or they may be plants in the
same industy but using different production techniques (e.g., coal-fired and oil-
fired electric power plants). According to the graphs, the production technology
used by Source B makes emission reduction more costly than it is at Source A. I
we impose an effluent charge of $33/ton on each source, the operators of Source
A will reduce their emissions o 5 tons/month; those at Source B will cut back to
15 tons /month (dealing only with integer values), After these reductions, the fwo
sowrces will have the same marginal abatement costs. The total reduction has

' We have seen a graph like this several times before, for example, in Figures 11.3 and 5.3.
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FIGURE 12.3 Emission Charges and the Equimarginal Rule

Marginal Abatement Costs

‘Einission Level (tons/month) Solirce A Source B
20 0.0 0.0
19 1.0 2.1
i8 2.3 4.6
17 3.3 9.4
16 4.6 19.3
15 6.0 32.5
14 7.6 54.9
13 9.4 82.9
12 11.5 1169
" 13.9 156.9
10 16.5 204.9

9 19.3 264.9
8 22.3 3329
7 25.5 406.9
& 28.9 4872.0
5 32.5 577.0
4 36.3 677.2
3 40.5 787.2
2 44.9 907.2
1 49.7 1,037.2
0 54.9 1,187.2
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been 20 tons per month, which the effluent charge has automatically distributed
between'the two firms in accordance with the équimarginal principle.

Note very carvefully that the emission tax has led Source A to reduce its
emissions by 75 percent, whereas Seurce B has reduced its emissions by only
25 percent. The emissions tax leads to larger proportionate emisgion reductions
from firms with lower marginal abatement costs. Convelsely, firms having
steeper matginal abatement costs will reduce emissions less, in proportion-
ate terms. Suppose that instead of the charge the authorities had instituted a
proportionate cutback on the grounds that evelybcdy should be treated
alike”; therefore, thLy require each source to reduce emissions by 50 percent,
Qur two sowrces in Figure 12.3 both reduce emigsions to 10 tons/month. At
this point their marginal abatement costs would be different. Furthermore, we
can calculate total abatement costs by remembering that total cost is the sum
of marginal costs. Thus, for example, for Source A the total costs of 10 tons of
emissions would be $(1.0 + 2.1 + , .. + 16.5) = $75.9.

The following tabulation compme& the complance costs of the equipropor-
tionate reduction and the effluent charge.

Total Compliance Costs ($/month)

Equiproportionate Reduction Effluent Charge
Source A 75.9 204.4
Source B 684.4 67.9
Total _ 760.3 2723

Note how much the totals differ. The total compliance cost of an equipro-
portionate cutback is about 2.8 times the total cost of an emission charge. The
simple reason is that the equiproportionate cutback violates the equimarginal
principle; it requives the same proportionate cutback regardless of the height
and shape of a firm’s marginal abatement costs, The difference in total costs
between these two approaches is quite large with these illustrative numbers.
We will see in later chapters that in the real world of pollution control these
differences are often much larger. The extra amount spent to treat all firms with
the same proportionate percentage cou[d have been used to further reduce
poltlution.

The higher the tax rate, the more emissions will be reduced. In fact, if the tax
rate were increased to something over $55/ton, Firm A would stop emitting
this residual entirely. The marginal abatement cost function for Firm B increases
so rapidly, however, that an extreriely high chalg,e (more than $1,187/ton)
would be required to get this source to reduce emissions to zero. A single ef-
fluent charge, when applied to several firms, will induce a greater reduction
by firms whose marginal abatement costs increase less rapidly with emission
teductions than from firms whose marginal abatement costs increase more rap-
idly. Because the firms are paying the seme tax rate, they will have different
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total abatermnent costs and different tax bilfs. In Figure 12.3 the total abatement
costs are equal to avea b for Source A and area d for Source B, On the other hand,
thie monthly tax bill sent. ko Source A ‘would.be.gnly a, compared to abill of ¢
sentto Source B. Thus, the less steeply the marginal abaternent cost of & firm
increases, the larger that firm’s emission reduction will be and the smaller its
tax bill.

1t needs to be emphasized.that the efficiency results-of the emission charge
approach (i.e, that it satisfies the equimarginal prineiple) are achigvable even
though the administering agerncly knows nothing about the marginal abatentent costs
of any of the sources. This is in clear contrast with the standards approach,
where the publicagency has to know exactly what these marginal-abatement
costs are for each firm in order to have a fully efficient program. In a charge
approach the only requirement s that firms pay the same tax and that they are
cost mifimizers. After each one has adjusted its emissions in accordance with
its marginal abatement costs {(which we can expect them to khow thémselves),
they will all be emitting at the appropriate rates {0 satisfy the equimiarginal
principle. '

Emission Taxes and Nonuniform Emissions

So far the discussion has proceeded under the assumption that the emissions of
all sources are uniformly mixed together; that is, the emissions from one source
have the same marginal impact on ambient quality levels as those from other
sources. In the real world this is usually not the case. Very often the situation
is something like, although of course more complicated than, that depicted in
Figure 12.4. Here there are tvo sources. Source.A, however, is about twice as far
away from the center of papulation as Source B, This means that emissions from
Source A do not produce as much damage in the urban area as emissions from
Source B. 1 the two sources are emitting some material into a river that flows
toward the city, the emissions of Source A have a longer time in the water to be.
broken down and rendered less harmful than do the emissions from Source B.
Or if it is an air-pollution problem, Source A is much farther upwind than
Source B, so there is more time for its emissions to be spread out and diluted
than there is for the emissions from Source B. There could be other reasons

FIGURE 12.4 Nonuniform Emissions

Direction of environmental flow w3z

distance (A) = 2 x distance (B)

i distance (B) ~
3

t /‘\
Source A Sour B Poputation Center
(Damage)
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residuals-at difforent times.of the year when wind patterns are different. Study-
ing the location problem will allow us to examine the general problem of non=
uniform emissions.

In this case a single emission charge applied to both sources would not be
fully efficient. Asingle charge addresses only the problem of differences in mar-
ginal abatement costs; not differences in damages caused by the emisstons from
different sources. In Figure 124, a one-unit reduction in emissions from Plant
B would improve eiwironmetital quality (reduce damages) in the urban area
more than a one-unit reduction in emissions from Plant A, and this fact must
be taken into account in setting emission charge rates. Suppose emission reduc-
tions at Source B are twice as effective at reducing damages as reductions in
emissions at Source A. This means, in effect, that the e,tfluc.nt tax paid by Source
B must be. twice as highi as the effluent charge paid by Sotuirce A? Thus, after
adjustient to these tax levels.the marginal abatement cost of Source B would
be twice the marginal abatement cost of Source A, But the damage reduction
per dotar spent-in reducing entissions would be equatized across the two sources.

The logic of the preceding discussion would seem to imply the conclusion
that in these cases we would have to charge different emission charges to each
source, To do this we would have to know the relative importance of the emis-
sions from each source in affecting ambient quality. Exhibit 12.2 discusses some
recent results showing that for several important air pollutants, damages were
substantially different among sources. The best response here might be to tn-
stitute what is called a zoned emission charge. Here the administering agency
would divide a territory into separate zones; the actual number of zones would
depend on the circumstances of the case. Within each zone the agency would
charge the same emission charge to ali sources, whereas it would charge differ-
ent charges in different zones.

Naturaily the zones would be identified by grouping together sources whose
emissions have similar effects on ambient quality leveis. Figure 12.5, for ex-
ample, shows the schematic of a river with a dozen different sources of emis-
sions and one urban area where water quality is measured and water quahty
targels are established. The 10 upstream sources are strung along the river at
increasing distances from the urban area. Thus, each has a different impact on
measured water quality at the monitoring station, and a fully cost-effective pro-
gram of emissions reductions would have to account for this fact in addition o
their different marginal abatement costs. But it would be administratively very

\
than location differences for the different impacts;.for example, they may emit :

*The technical concept here is called a “transfer coefficienl.” A ransfer coefficient is a number
that tells how the emissions from any particular source affact ambient quality at some other point.
In the previeus example, suppose § ton of 50y emitted by B would increase 5O, concentration
over the wban area by 0.1 ppm. Then a ton emitted from Source A would increase the ambient
concentration by 0.05 (assuming an effect that is strictly proportional to distance). If the transfer
coefficient for Sowrce B s 1, that for Source A Is (L5, so the tax at A has to be half the tax at B, More
generaily, if the transfer coefficient at A s §y, and that of B is /s, then the tax at A should be {3/
times the tax ak B,
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Different sourees with the same type and
quantity of emissions may be very differ-
ent in terms of the damages they cause.
Two economists recently estimated
source-specific damages. from emissions
of major pollutants from power plants
in the United States. They used a large-
scale model that tracks the conseguences
of emissioh through alr guality changes,
exposure levels, dose-response informa-
tion, and the valuation of resulting health
impacts on affected popuiations. Some
results are shown in the following table.
Results are iny the form of “trading ratios,”
which is the number of tons of pollutant
emitted from the power-plant stack that
causes the same amount of damage as
would 7 ton emitted at ground level at
the same site. The results shown are for

fine particulate matter (PMys) and sulfur
dioxide (S03). The top four power plants:
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ate near urban areas and Lhe bottom four
are iri rural locations;

For the urban power plants, note the
differences for the Con Edison plant in
New York: it would take 11 tons of PMzs
anitted from the stack to produce the
same damage-as 1 ton emitted at ground
level, For $Oy it would take 8 tons com-
ing out of the stack to generate the same
damages as. 1 ground-level ton. For the
rural plants the results are very different;
here the stack and ground-fevel emissions
produgce the same levels of damage.

What these results show is that there
can be very substantial differences be-
tween sources in terms of damages. pro-
duced by the same pollutant,

Stack Trading Trading

Ground Source Power Plant Height Ratios Ratlos
(city, state) (firm, facility) {feet) PMazs 50,
New York, NY Con Edison, 74th Street station 425 11:1 81
Washington, D.C. Potomac Power Resources 400 23 8:1
Atlanta, GA Georgia Power Co. 835 191 51
Houston, TX Texas Genco, Inc. WA, Parish 600 174 10:1
Grant Country, WY Deminion, Mount Storm Station 740 1:% 71
Rosebud County, MT  PPL Montana, Coistrip Steam Elec 690 1:1 1:1

The trading ratio is the number of tons emilted from the stack of a power plant that would cause
the same damage as 3 tor from a ground source at the same site.

Source: Micholas A. Muller and Robert Mendelsohn, “Efficient Pollution Regulation: Getling Lthe
Prices Right,” Americar Economic Review, S9(5), 2009, pp. 1714-1739.

costly to apply a different emissions charge to each source. We might, in this

case, fall back on a zoned emission charge.

We first define different zones along the river, then apply the same tax to all
sources within the same zone, but different taxes to sources in different zones.
Fach zone would contain sources whose emissions have roughly the same im-
pact on measured water quality. In Figure 12.5, for example, four upstream
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FIGURE 12.5 Zoned Emissions Charge
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zones along the river are skekched out. The three sources in Zone 1 would pay
the same charge, as would the four sources in Zone 2, and so on, Sources 11
and 12 are downstream from the urban area and may not get-taxed at all, Of
course, this issa simplified diagram to show the basic idea; in the real world,
there would also very likely be downstream damages. By using a zone system,
we can achieve a certain amount of administrative simplification while recog-
nizing differences in the locations of different groups of sources.

Emissions Charges and Uncertainty

Pollution-control policies have to be carried out in a world of uncertainty.
Administrative agencies often do not know exactly what emissions are being
produced by each source or exactly what the human and ecosystem impacts
are. Another sowrce of uncertainty is the shape of the marginal abatement cost
curve of the sources subject to control; these may be known reasonably well by
the polluters themselves, but administrators usually will be very unsure of how
high they are, how steep they are, how much they differ from source to source,
and so on. [t is one of the advantages of emissions charges that they can bring
about cost-effective results even within that state of uncertainty.

Nevertheless, when administrators set taxes at cortain levels, they normally
will be uncertain about how much emission reduction will ensue, for that de-
pends on how sources respond to the tax. This is one of the drawbacks of emis-
sion charges. It may be difficult to predict accurately how much total emissions
will decrease because exact knowledge of marginal abatement costs is often
lacking. Observe Figure 12.6. It shows two different marginal abatement cost
functions, a steep one (MAC)) and one that is much less steep (MAG,). Congider
MAC,. I the charge were set at the rela tively high rate of &, this source would
reduce emissions to ¢, whereas if it were set at the low rate of f, it would ad-
just emissions to e2. These two emission rates are relatively close together. In
other words, whether the charge is high or low, the emissions rate of this source
would not vary much; we could count on having an emissions rate of some-
thing in the vicinity of e; and g,
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FIGURE 12,6 Eniission Charges, Uncertainty, and Tax Revenues
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But for the firm with the less steep marginal abatement costs (MACy), things
are much more unstable. If the charge were set low, it would change emissions
to e, whereas with a high charge emissions would go all the way down to es.
Tn other words, for given changes in the tax rate, this firm would respond with
much larger changes in emission rates than would the source with the steeper
MAC curve.

The upshot of this discussion is that if most firms in a particular pollution
problem have relatively flat MAC functions, regulators may have trouble
finding the charge rate that will give us just the amount of reduction in total
emissions we want. Because they don‘t know exactly where the MAC functions

really are, they don‘t know exactly how high to set the tax. If they set it a little
highoralittle Jow, these firms will resp ond with farge changes in theiremissions,
This is one of the main reasons administrators opt for standards: they seem to
offer a definite control on quantities of emissions produced. In the next chapter,
we will discuss an incentive approach that addresses this problem. '

Emission Charges and Tax Revenues

Another important aspect of emission charges is that they lead to tax revenues
accruing to the government (see Example 12.1). Carrying this line of thought
further has suggested to many people that society could benefit by replacing
certain existing taxes with emission taxes, Many countries tax employment, for
example. When firms hire workers, they must pay employment taxes to cover
such things as the public costs of unemployment insurance and social secu-
rity payments. But employment taxes lead to reduced levels of employment
because, in effect, they make hiring workers more expensive. A government,
therefore, might reciuce its employment taxes and increase emisgion taxes in
such a way as to keep its total tax revenue the same. This action has come to be
known as the double-dividend hypothesis, This refers to the fact that society
would gain both from the emissions taxes (through reduced emission damage)
and from reduced empioyment tax (through increased employment}.
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Because emission charges gendrate mon-
etary tax receipts by government, they
often have been thought of as a useful way
of raising money Lo cover costs rather than
as a way to motivate reductions in emls-
sions. In recent years there has been some
small movernent toward ernission charges
in the-United States. The Clean Alr Act of
1990 requires states to use permit fees (in
Chapter 14 we will study this pregram
and the permit system it incorporatesy to
recover the adiministrative costs of run-
ning the permit program. Permit fees are
simply the charges polluters have 10 pay
in order to progure their operating per

mits from the environmental regulatory

authorities. Some siates have sel permit
fees that vary by quantity of emissions;
thus, the fees effectively become emisslton
charges. Maine, for example, has instalted
a three-part emission fee for sulfur oxides,

Marginal
abatement
costs
3
il
t’l e
0

Emissions

NOy, volatile organic compounds, and
particulate matter. The current values

are $5.28 per ton for up to 1,000 tons.

per year, $10.57 per ton for total annual
emissions between 1,000 tons and 4,000
tons, ancl $135.85 per ton for sources emit-
ting more than 4,000 tons per year. New
Mexico charges $10 per ton for these
types of pollulants, but $150 per ton for
emissiors of toxic poliutants.

Emission permit charges like these, and
simitar ones for waterborne discharges in
many states, may sound rather substain.
tial, but prebably are much more effec-

tive at raising revenuas than at producing

reductions in emissions. We are probably
in & situation as depicted in the accompa-
nying graphic.

The initial emission level Is e, and the
authorities set a maximum target of ¢* for
the firm. An emission tax rate of 1" would
provide the incentive needed to bring
about a reduction of emissions to e*
But this wouid enlail a substantial tax
obligation for the firm. Instead, the au-
thorities establish a charge at a rather fow
level, for example, &. This has very mod-
est incentive effecks; it leads the firm to
reduce emissions from ey to ey But it pro-
vides a tax revenue to the regional agency
equal to the cross-hatched area, which is
enough to fund the public agencies that
are running the prograrm.,

But predicting the revenue impacts of emission taxes may be difficult, Sup-
pose, in Figure 12,6, an emission tax was increased from ¢ to #,. If the aggregate
marginal abatement costs of the affecled firm is MAC, total tax revenue will
increase from. (b ++ ¢) to (a + b). But if the marginal abatement cost is actually
MAC,, raising the emission tax will cause tax revenues to decrease from (¢ +f}
to (o -+ ¢). This is because in the case of MAC; the tax increase leads to a large
decrease in emissions, while in the ¢ase of MAC, it does not, Thus if the tax
authorities don’t know much about the shape and location of the relevant
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marginal abatement;, they-may be in for sonre major surprises in terms of
changes in tax révenues. '

Research on the doublescividend jdea has-also brought out another impor-
kant factor. This is the potential impact of increased prices of the goods and ser-
vices produced by the sectors subject to emission taxes. "This can have a direct
negative effect on the welfare of consurmers of these goods and: services. It can
also have an indirect effect working through: changes in the labor market.?

Emission Charges and the Incentives to-innovate

Inn a dynamic world, it is critical that environmental policies encourage tech-
nological change in pollution control. One of the main advantages of emis-
sion charges.is-that they provide strong:incentives for this: This is shown in
Figure 12.7, which shows two marginal abatement cost curves for a single firm.
MAC, represents the current condition. It shows the costs the firm would expe-
rience in cutting back its emigsions with the particular technelogy it-currently
uses. MAC, on the other hand, refers to abatement costs that the firm would
experience after engaging ina relatively expensive resgarch-and-development
(R&D)) program to develop a new method of reducing emissions. Assume
the firm has a Teasonably good idea of what the vesults of the Ré&D will be,

FIGURE 12.7 Bmission Charges and the Incentive for R&D

Emissions (toris/year)

3Gee Don Fullerton and Gitbert E. Metealf, "Environmental Taxes and the Double-Dividend
Flypathesis: Did You Really Expect Something for Nolhing?” Chivagu-Kent Law Reviete, 73(1), 1998,
p. 221-256.
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although of course nothing is ever a sure thing. We can use it to measure the

strength of the incentives for this firmi to put money into the R&D program.
Suppose the fipm s subject to an-effluent charge. of #/ton of emissions. Ini-
tially it will rediice emissions fo gy; at iis poiit its to tal polh;ti-on»related costs

will consist of (i + _é)-w-or’ch-af-a'b'atement costs and a tax bill of (@ + & + ¢). If it can
Jower its marginal abatement cost.curve to MAG; through the R&D activities, it

would then reduce its emissions Lo & At this point it would pay (b+ g) in abate-
ment costs and a in taxes. The reduction i total costs has been (¢ + d). If the firm
Had instead been faced with an emissions standard of ey, its cost savings with
the rew technology would have been only d,a5 we saw in the last chapter. Also,
as we saw in the last chapter, if public autherities shift the standard to 2 when
the new technology becames available (giving the same emissions reduction
a5 the tax would have), the firm could actually experience an increase in costs
because of its R&D efforts.

Thus, the firm’s R&D efforts will lead to a bigger reduction in its poliution-
control-related costs (abatement costs plus tax paymerits) under a policy of
emission.charges than under a standards app roach. Additionally, under the charge
systens the firmt would automatically reduce its emissions as it found ways to shift
its smarginal abatentent cost function downward, whereas under the standard no stch
atitomntic process would result. The difference is that under a charge approach,
polluters must pay for emissions as well as Tor abatement costs, whereas with
standards they only need to pay abatement costs. So their potential cost sav-
ings from new pollution-control technigues are much larger under the charge
program.

Emission Charges and Enforcement Costs

Charges pose a different type of enforcement problem than standards. Any
charge system requires accurate informatiory on the item to be taxed. If emis-
sions are to be taxed, they must be measurable at reasonable cost. This means
that residuals flowing from a source must be concentrated in a small enough
number of identifiable streams that monitoring is possible. This rules out most
nonpoint-source emissions because fhey are spread thinly over a wide area in a
way that makes them impossible to measuve. It would nermally be impossible
to tax the pollutants in city street runoff because the diffuse nature of the “emis-
sions” makes them impossible to measure. This also may rule out certain toxic
chemical emissions, which, in addition to being nonpoint source, often involve
such small quantities that their flow rates are difficult to measure,

With emission charges the taxing authorities would be sending a tax bill to
the polluting firms at the end of each month or year, based on their total quan-
tity of emissions during that period. So the agency would require information
on cumdlative emissions from each source. This is mote involved than just in-
formation on rate of discharge because cumulative discharge is rate times dura-
lion. There ate several ways of getting this information. Perhaps the most ideal
would be to have permanent monitoring equipment that measures emissions
continuously over the time period in question. Lacking such technology, onc

could fall back on periodic checking of the rate of emissions, with an estimate of
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the duration based .on nogmal business considerations or perhaps self-reporting
by firms. Alfrnatively, engineering studies might be carried out to determine
progpective emission quantities under specified conditions of operation, inputs
aged, and s0 on. '

It is probably fair to say that the monitoring-tequirements of an emissions
charge policy-are more stringent than those for the typical standards program.
Polluters, of course, have incentives to find ways, legal and otherwise, to-get
their tax bills reduced. One way to do this'is to influence the monitoring process
encugh.so that reported emissions-are smaller. Once they do get thejr tax bills,
recipients will have every incentive to contest them if they appear to be based
onuricertain data or have othey rechnical weaknesses. The lack of high-gquality
monitoring and reporting procedures has undoubtedly contributed to the un-
popularity of effluent charge policies for environmental guality control.

Other Types of Charges

S0 far we have discussed only one type of charge, an effluent or emissions
charge. Because it is the emission of residuals that leads directly to environ-
mentat pollution, charges on emissions presumably have the greatest lever-
age in terms of altering the incentives of polluters. But it is often impossible or
impractical to levy charges directly on emissions. In cases where we can’t mea-
sure and monitor emissions at reasonable cost, charges, if they are to be used,
would obviously have to be applied to something else. A good case of this is
the problem of water poliution from fertilizer runoff in agriculture. It is im-
possible to tax the pounds of nitrogen in the runoff because it is a nonpoint-
source pellutant and thus not directly measurable. The same problem applies
to agricultural pesticides. What may be feasible instead Is to-put charges on
these materials as they are bought by farmers—that is, say,-a charge per ton of
fertitizer or per 100 pounds of pesticide purchased. The charge is to reflect the
fact that a certain proportion of these materials ends up in neafby streams and
lakes. Because they ave paying higher prices for these items, farmers would
have the incentive to use them in smaller guarities, Figher prices also create
an incentive to use the ferlilizer in ways that involve less wastage, for example,
by reducing the amounts that run off.?

Placing a chatge on something other than emissions is usually a “second-
best” course of action made necessary because direct emissions can't be closely
monitored. In cases such as this we have to watch out for distortions that can
come about as people respond to the charge, distortions that can substantially
alleviate the effects of the tax or can sometimes make related problems worse.
We mentioned in Chapter 1 the move by many U.S. communities to tax house-
hold trash. One technique is to seil stickers to the residents and require that each
bag of trash have a sticker on it, The rate of tax is determined by the price of the
stickers, and it is relatively easy to monitor and enforce the system through the

This is a case of taxing "goods” to control environmental “bacds.” See Gunnar 5. Eskeland and
Shantayanan Devarajan, “Taxing Bads by Taxing Goods: Pollution Control with Presumplive
Charges,” World Bank, 1996, hitpd//w ww-wis,wotldbanle
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cutbside pickup operations. But the per-bag tax will produce an incentive to
pack more into cach bag, so the reduction in total quantity of trash may be less
than the reduction int the number of bags collected. '

Distributional impacts of Emission Charges

There are two primary impacts of iﬂ.ffl‘LI@hf:ChEﬁ‘_g_&}S on the distribution of income

and wealth:

1. Impacts on prices and outpuit.of goods and services affected by the charges,
and

2. Bffects from the expenditure of tax funds generated by the charges.

Businesses subject to a charge will experience an increase in costs because
of both the abatement:costs and the tax payments. From the firm’s standpoint,
these constitute increases in production cost, which the firm will presumably
‘pags on to consumers just as with any cost of production. Whether and how
much the firm can do this depends on competitive conditions and the condi-
tious of demand. Tf the charge is applied to a single firm or small group of firms
within a competitive industry, it will not be able to push its price up above the
industry price, and so will have to absorb the cost increase. In this case the im-
pacts will be felt entirely by owners of the firm and the people who wotk there.
‘Many firms fear, or pretend to fear, being in precisely this situation and base
their public objections to taxes on this outcome. If the charge is applied to an
entire industry, prices will go up and consumers will bear part of the burden.
How much prices go up depends on demand conditions.® Price increases often
are thought of as regressive because, for any given item, an increase in its price
would affect poor people proportionately more than higher-income people. For
something that both poor and well-off people consume, such as electricity, this
conclusion is straightforward. For price increases in goods consumed dispro-
portionately by more well-to-do people (e.g., aitline travel), however, the bur-

den would be mostly on them.

The burden on workers is tied closely to what happens to the rate of output
of the affected firms. Here again, the extent of the output effect depends on
competitive conditions and the nature of the demand for the good. If the emis-
sion tax program is applied to a single firm in a competitive industry or if the
demand for the output of an industry is very responsive to price, output adjust-
ments will be relatively large and workers could be displaced. The long-run
burden is then a matter of whether good alternative sources of employment are
available.

Although burdens because of price and output changes may be real, we have
to remember that, on the other side, the charge program is creating substantial
benefits in the form of reduced environmental damages. To know how a pro-

gram affects any particular group, we would have to account also for how these
benefits are distributed.

3 This was discussed in greater detail in Chapter 8
&
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Effluent charges alsg could involve substantial sums going from’ consumers
of the:goods produced by the taxed industry to the beneficiaries, whomever
fhey:,nﬁ ay be,.of the funds collected by the taxing atthorities. These furwds conld
be used for any number of purposes; how they are used would determine their
impacts. They might, for example, be digtributed to lower-income people to
offset the effects of price increases, They even might be returned in part to the
firms paying the effluent taxes. This is done in some Furopean countries to
help finance the purchase of poliution-control technology. As long as the return
payments clo not make the marginal emissions tax rate effectively lower, the in-
centive effects of the charge are not affected. Alternatively, they might be used
to pay for other environmental initialives in places where divect public action
is called for, They even might be used fo reduce overall budget deficits, with
benefits flowing to general taxpayers.

Abatement Subsidies

An emission charge works by placing a price on the environmental asset into
which emissions are occurring, Essentially the same incentive effects would re-
sultif, instead of a charge, we instituted a subsidy on emission reductions. Here
a public autharity would pay a polluter a certain amount pet ton of emissions
for every ton it reduced, starting from some benchmark level. The subsidy acts
as a reward for reducing emissions. More formally, it acts as an opportunity
cost; when a polluter chooses to emit a unit of effluent, it is in effect forgoing
the subsidy payment it could have had if it had chosen to withhold that unit of
effluent instead. Table 12.1, using the same numbers s in the preceding cliscus-
sion on emission charges, shows how this works in principle. The firm’s base
level is set at its current emissions rate; 10 tons/ month, Tt receives $120 per
ton for every ton it cuts back from this base. The fourth column shows its total

TABLE 12.1  An Abatement Subsidy

Marginal Total Total Subsidy  Total Subsidy Minus
Emissions Abatement Abatement at Totai
{tons/month} Cost Cost 3120/Ton Abatement Costs

10 0 0 0 ¢

9 15 15 120 105

8 30 45 240 195

7 50 a5 360 265

6 70 165 480 315

5 95 260 600 340

4 120 375 720 345

3 150 525 840 315

2 185 710 960 250

1 230 240 1,080 140

0 290 1,230 1,200 =30
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subsidy revenues, and the last column shows total subsidics minus total abate-
ment costs. This net revenue peaks at 4 tons/month, the same emissions level
the firm would choose with the $120 tax. In other werds, the incentive for the
firm is the same as for the tax,

Although an abatement subsidy like this would have.the samie incentive for
each individual source, total emissions may actually increase: To undetstand
why, note the difference in the financial position of this firm when it emits
4 tons of pollutant under the two programs: With the tax it has total costs of
855 (see Figure 12.1), whereas with the subsidy it has a total revenne of $345.
Thus, the financial position of the firm is much different. In effect, it will
be earning higher profits after the imposition of the subsidy, and this can have
the effect of making this industry more attvactive for potential new firms. There
is the possibility, in other words, of having the emissions per firm go down
but the number of firms in the industry increase, and therefore total emissions
increase. This feature is a major drawback of simple subsidies like this.

Although subsidies linked directly to emission reductions have never
become particularly popular, governments around the world have frequiently
resorted to many other types of subsidies to further the goals of pollution
reduction, A few of these ave listed in Exhibit 12.3.

Deposit-Refund Systems

One place where subsidies may be more practical is in deposit-refund systems.
A deposit-refund system is essentially the combination of a tax and a subsidy,
For example, a subsidy (the refund) is paid to consumers when they return
an item to a designated collection point. The purpose of the subsidy is to pro-
vide the incentive for people to refrain from disposing of these items in envi-
ronmentally damaging ways. The funds for paying the subsidy are raised by
levying taxes (the deposit) on these items when they are purchased. In this case,
the purpose of the tax is not necessarily so much to get people to reduce the con-
sumption of the item, but to raise money to pay the subsidy. The tax is called a
deposit and the subsidy a refund, but the principle is clear.

Deposit-refund systems are particularly well suited to situations where a
product is widely dispersed when purchased and used, and where disposal is
difficult or impossible for authorities to monitor. In the United States, a number
of individual states® have enacted deposit-refund systems for beverage con-
tainers, both to reduce litter and to encourage recycling. This approach also
has been widely used in Europe. But many other products could be handled
elfectively with this type of system,

In the late 1960s, Germany instituted a deposit-refund on waste lubricating
oil. Bach year very large quantities of waste oil are disposed of improperly, put-
ting many air, water, and land resources under threat, In the German system,
new lubricating oil is subject to a tax (a deposit), the proceeds of which go into
a special fund. This fund is then used to subsidize (the refund side) a waste oil

* As of 2012 these were California, Connecticut, Flawaii, Towa, Maine, Massachusetts, Michigan,
New York, Oregon, and Vermont, Delaware repealed s Jaw in 2010,
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Example(s)

Tax benefits

ptal emissions Public grants to encotirage environmental EPA grants to communiites to fund:
» programs ' “hrownfields” progsams’
have never Grants to farmiers to acopt
 frequently conservation practices
of pollution Grants to buslhessés ot communitles
. to establish recyeling programs !
public purchases of agricultural

Development rights purchase programs _
development rights to maintain fand

i agriculture oy Open space

public rules on procurement of
preducts made from recycled
materials

Cash payments for people whe turn
i eld, high-emitting automaobiles
Grants made to localities to cover a
portion of the cost of building
wastewater-treatment facilities

iid systems.

a subsidy, Public support of environmental markat
el

ey return tevelopment

ly is to pro-

&ims in envi-

o this case,. Cost-sharing grants

Igravmitelds are contaminated industrial sites that pose relatively low risks, but may be avoided
by private developers because of potential Hability problems.

recovery and reprocessing system. The terms of the subsidy are set 50 as to en-
courage competition in the recovery /reprocessing system and to provide an jn-
centive for users to reduce the extent to which il is contaminated during use.”

In Sweden and Norway, deposit-refund systems have been instituted for
g cars, New-car buyers pay a deposit at the time of purchase, which will be re-
) funded when and if the car is turned over to an authorized junk dealer. Experi-
ence with these systems shows that success depends on more than just the size
ste ol . of the dept}sit-l*efL111("l. For c:xam;pl.'e, it is essential that the collection system be

. designed to be reasonably convenient for consumens.

Jaltimore, MID: Johns Mopkins Press for Resources for the

_’"T: - " Pater Bolun, Dc;msil-Rq,"fmd Systenss, 1
‘ Fulure, 1981, pr. 116-120.




Other items for which deposit-refund systems might be appropriate are con-

sumer products containing hazardous substances, such as batteries containing,
cadmium, and car batteries.? Automobile tires also might be handled this way.

The deposit-refund system also might be adaptable to ccmventmmi industrial

‘pollutaints. For e&amplc,, users of fossil fuels mlght pay deposits on the quanti-
ties.of sulfur-contained i the fuels they purchase; they would then get refunds
‘on the sulfur récovered from the exhaust gag. Thus, they would lose their de-

posit only on the sulfur that went up the stacks.

Summary

Emission charges attack the pollution problem at its source, by puttmg a price

on somcthmg that has been free and, therefore, overused. The main advan-

tage of emission charges is their efﬁczemy aspects: if all sources are subject to
the same charge, they will adjust their emission rates so that the equimarginal
rule is satisfied. Administrators do not have to know the individual source mar-
ginal abatement cost functions for this to happen; it is enough that firms are
faced with the charge and then left free to make their own adjustiments. A sec-
ond major advantage of emission charges is that they produce a strong incen-
tive to innovate, to discover cheaper ways of reducing emissions.

The apparent indirect character of emission charges may tend to work against
their acceptance by policymakers, Standards have the appearance of placing di-
rect control en the thing that is at issue, namely, emissions. Emission charges,
on the other hand, place no direct restrictions on emissions but rely on the self-
interested behavior of firms to adjust their own emission rates in response to
the tax. This may make some policymakers uneasy because firms apparentily
are still allowed to contret their own emission rates. It may seem paradoxical
that this “indirect” character of effluent taxes can sometimes provide a stronger
inducement to emission reductions than seemingly more direct approaches.

But emission charges require effective monitoring, They cannot be enforced
simply by checking to see if sources have installed certain types of polhution-
control equipment. If emission charges are to have the appropriate incentive
effects, they must be based closely on cunndative emissions, Thus, point sources
where emissions can be effeclively measured ave the likely candiclates for
pollution control via emissions charges.

An advantage of emission charges is that they provide a source of revenue
for public authorities. Many have recommended that tax systems be changed
to rely less on taxes that have distorting economic effects and more on emis-
sions charges. This requires that authorities be able to predict with accuracy the
effects of particular emissions charges on rates of emissions.

Emissions subsidies would have the same incentive effect on individual
polluters, but they could lead to increases in total emission levels. One place
where subsidies have been used effectively is in deposit-refund systems, which
are essentially tax and subsidy systems in combination,

¥ As of 2010, 13 US. states had deposit-refund systems for car balleries,
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Questions for Further Discussion

1. Flow might an-emission charge program be designe
of automobile emissions?

2. Explain how emission charges solve the -eqn;:i,mar-gizmlpmbkem,

3. Opponents of emission charge policies sometimes assert that they are simply
a way of letting firms buy the right to poltute, Is this a reasonable criticism?

4. When emission charges are put into effect, who ultimately ends up paying

for them? Ty this fair?

5. Bmission charges are sometimes seen as creating a “double burden” Firms
must pay the costs of reducing emissions and also pay the: government for
polluting discharges. How might a charge system be designed to reduce this
double burden?

For additional readings and Web sites
chapter, see www.mhhe.com/fieldée.
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