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Externalities: Problems and
Solutions

n December 1997, representatives from over 170 nations met in Kyoto,

Japan, to attempt one of the most ambitious international negotiations

ever: an international pact to limit the emissions of carbon dioxide world-
wide. The motivation for this international gathering was increasing concern
over the problem of global warming, As Figure 5-1 on p. 116 shows, there has
been a steady rise in global temperatures over the twentieth century. A grow-
ing scientific consensus suggests that the cause of this warming trend is
human activity, in particular the use of fossil fuels. The burning of fossil fuels
such as coal, oil, natural gas, and gasoline produces carbon dioxide, which in
turn traps the heat from the sun in the earth’s atmosphere. Many scientists pre-
dict that, over the next century, global temperatures could rise by as much as
ten degrees Fahrenheit.!

If you are reading this in North Dakota, that may sound like good news.
Indeed, for much of the United States, this increase in temperatures will
improve agricultural output as well as quality of life. In most areas around the
world, however, the impacts of global warming would be unwelcomne, and in
many cases, disastrous. The global sea level could rise by almost three feet,
increasing risks of flooding and submersion of low-lying coastal areas. Some
scientists project, for example, that 20-40% of the entire country of
Bangladesh will be flooded due to global warming over the next centary, with
much of this nation being under more than five feet of water!?

Despite this dire forecast, the nations gathered in Kyoto faced a daunting
task. The cost of reducing the use of fossil fuels, particularly in the major
industrialized nations, is enormous, Fossil fuels are central to heating our
homes, transporting us to our jobs, and lighting our places of work. Replacing
these fossil fuels with alternatives would significantly raise the costs of living

! International Panel on Climate Change {2001). Globa! warming is produced not just by carbon dioxide
but by other gases, such as methane, as well, bur carbon dioxide i1s the main cause and for ease we use car-
bon dioxide as shorthand for the full set of “greenhouse gases.”

2 Mirza et al. (2003).
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i

Average Global Temperature, 1880 to 2005 = There was a steady upward trend in giobal
temperatures throughout the twentieth century.

Source; Figure adzpled rom MASA's Goddard Institute for Space Studies, “Global Apnual Mean Surlace Air Temperature Change,” located at
hHp: Awww giss.nasa. 2ov/data/gistemp/graphs,Tig. Apdf.

in developed countries. To end the problem of global warming, some predict
that we will have to reduce our use of fossil fuels to nineteenth-century (pre-
.industrial) levels. Yet, even to reduce fossil fuel use to the level ultimately man-
dated by this Kyoto conference (7% below 1990 levels) could cost the United
States $1.1 trillion, or about 10% of GDP? Thus, it is perhaps not surprising
that the United States has vet to ratify the treaty agreed to at Kyoto.

Global warming due to emissions of fossil fuels is a classic example of what
. economists call an externality. An externality occurs whenever the actions of
- one party make another party worse or better off, yet the first party neither
-bears the costs nor receives the benefits of doing so. Thus, when we drive cars
in the United States we increase emissions of carbon dioxide, raise world tem-
-peratures, and thereby increase the likelihood that in 100 years Bangladesh
“will be flooded out of existence. Did you know this when you drove to class
“today? Not unless you are a very interested student of enwitonmental policy.
#Your enjoyment of your driving experience is in no way diminished by the
“"damage that your emissions are causing.

. Externalities occur in many everyday interactions. Sometimes they are
localized and small, such as the impact on your roommate if you play your
“stereo too loudly or the impact on your neighbors if your dog uses their gar-
den as a bathroom. Externalities also exist on a much larger scale, such as glob-

- using coal, a by-product of that produciion is the emission of sulfur dioxide
“and nitrogen oxides into the atmosphere, where they form sulfuric and nitric
acids. These acids may fall back to earth hundreds of miles away, in the process

? Nordhaus and Boyer (2000), Table 8.6 {updated to 2000 dollars).

‘il warming or acid rain. When utilicies in the Midwest produce electricity |
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externality Externalities arise
whenever the actions of cne
party make another party worse
or better off, yet the first party
neither bears the costs nor
receives the benefits of doing
50.
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market failure A problem that
causes the market economy to
deliver an cutcome that does
not maximize efficiency.

destroying trees, causing billions of dollars of property damage, and increasing
respiratory problems in the population. Without government intervention,
the utilities in the Midwest bear none of the cost for the polluting effects of
their production activities.

Externalities are a classic example of the type of market failures discussed
in Chapter 1. Recall that the most important of our four questions of public
finance is when is it appropriate for the government to intervene? As we will
show in this chapter, externalities present a classic justification for government
intervention. Indeed, 135,000 federal employees, or 5% of the federal work-
force, are ostensibly charged with dealing with environmental externalities in
agencies such as the Environmental Protection Agency and the Department
of the Interior.*

This chapter begins with a discussion of the nature of externalities. We
focus primarily throughout the chapter on environmental externalities,
although we briefly discuss other applications as well. We then ask whether
government intervention is necessary to combat externalities, and under what
conditions the private market may be able to solve the problem. We discuss -
the set of government toels available to address externalities, comparing their
costs and benefits under various assumptions about the markets in which the
government is intervening. In the next chapter, we apply these theories to the
study of some of the most important externality issues facing the United
States and other nations today: acid rain, global warming, and smoking,

Externality Theory

n this section, we develop the basic theory of externalities. As we empha-
Isize next, externalities can arise either from the production of goods or
from their consumption and can be negative {(as in the examples discussed
above) or positive. We begin with the classic case of a negative production

externality.

Economics of Negative Produttion Externalities
Somewhere in the United States there is a steel plant located next to a river.
This plant produces steel products, but it also produces “sludge,” a by-product
useless to the plant owners. To get rid of this unwanted by-product, the own-
ers build a pipe out the back of the plant and dump the sludge into the river.
The sludge produced is directly proportional to the production of steel; each
additional unit of steel creates one more unit of sludge as well.

The steel plant is not the only producer using the river, however. Farther
downstream is a traditional fishing area where fishermen catch fish for sale to

* This estimate is from the U.S. Office of Personnel Management (20086), p. 87, as well as Web pages of
agencies and departments.
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local restaurants. Since the steel plant has begun dumping sludge into the
~ river, the fishing has become much less profitable because there are many

fewer fish left alive to catch.
This scenario is a classic example of what we mean by an externality. The

steel plant is exerting a negative production externality on the fishermen, negative production exter-
since its production adversely affects the well-being of the fishermen buc the nality When a firm’s production
: reduces the wellbeing of others
plant does not compensate the fishermen for their loss. wha are not compensated by
One way to see this externality is to graph the market for the steel produced the firm.

ot

by this plant {Figure 5-2) and to compare the private benefits and costs of pro-
" duction to the social benefits and costs. Private benefits and costs are the benefits
and costs borne directly by the actors in the steel market (the producers and
consumers of the steel products). Social benefits and costs are the private benefits
-and costs plus the benefits and costs to any actors outside this steel market who
-are affected by the steel plant’s production process (the fishermen).

Recall from Chapter 2 that each point on the market supply curve for a
good (steel, in our example) represents the market’s marginal cost of produc-
ing that unit of the good—that is, the private marginal cost (PMC) of that = private marginal cost {PMC)
unit of steel. What determines the welfare consequences of production, how- The direct cost to producers of
ever, is the social marginal cost (SMC), which equals the private marginal ggooddtfcmg an additional unit of
cost to the producers of producing that next unit of a good plus any costs asso- . .

. . . . s Ty social marginal cost (SMC)
dated with the production of that good that are imposed on others. This distinction The private marginal cost to
was not made in Chapter 2, because without market failures SM C = PMC, producers plus any costs asso-

the social costs of producing steel are equal to the costs to steel producers. ciated with the production of the
good that are imposed on

others.

Price of H N -
steel Social marginal :  Market Failure Due to Negative
;:ﬂséfgg = Production Externalities.in the - .
. - Steel Market * A negative production -
Deadweight loss § = Private . externality of $100 per unit of steel
‘)';;"5'“3' ‘::ft' produced (marginal damage, MD} leads
ke to a social marginal cost that is.above -
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private marginal benefit
{PMB} The direct benefit to
consumers of consuming an
additionat unit of a good by the
consumer.

social marginal benefit
{SMB) The private marginal
benefit to consumers plus any
costs associated with the con-
sumnption of the good that are

imposed on others.

Thus, when we computed social welfare in Chapter 2 we did so with refer-
ence to the supply curve.

This approach is not correct in the presence of externalities, however.
When there are externalities, SMC = PMC + MD, where MD is the margin-
al damage done to others, such as the fishermen, from each unit of production
{marginal because it is the damage associated with that particular unit of pro-
duction, not total production). Suppose, for example, that each unit of steel
production creates sludge that kills $100 worth of fish. In Figure 5-2, the
SMC curve is therefore the PMC (supply) curve, shifted upward by the mar-
ginal damage of $100.3 That is, at Q; units of production (point A}, the social
marginal cost is the private matginal cost at that point (which is equal to Pq),
plus $100 (point B). For every level of production, social costs are $100 high-
er than private costs, since each unit of production mnposes $100 of costs on
the fishermen for which they are not compensated.

Recall also from Chapter 2 that each point on the market demand curve
for steel represents the sum of individual willingnesses to pay for that unit of.
steel, or the private marginal benefit (PMB) of that unit of steel. Once
again, however, the welfare consequences of consumption are defined relative
to the social marginal benefit (SMB), which equals the private marginal
benefit to the consumers minus any costs associated with the consumption of the
good that are imposed on others. In our example, there are no such costs imposed
by the consumption of steel, so SMB = PMB in Figure 5-2.

In Chapter 2, we showed that the private market competitive equilibrium
is at point A in Figure 5-2, with a level of production Q; and a price of Py.
We also showed that this was the social-efficiency-maximizing level of con-
sumption for the private market. In the presence of externalities, this relation-
ship no longer holds true. Social efficiency is defined relative to social
marginal benefit and cost curves, not to private marginal benefit and cost
curves. Because of the negative externality of sludge dumping, the social
curves (SMB and SMC) intersect at point C, with a level of consumption Q.
Since the steel plant owner doesn't account for the fact that each unit of steel
production kills fish downstream, the supply curve understates the costs of
producing Qy to be at point A, rather than at point B. As a result, too much
steel is produced (Q1 > ), ind the “*f_’*f?i-'vate market equilibrium no longer
maximizes social effictency.

When we move away from the social-efficiency-maximizing quantity, we
create a deadweight loss for society because umits are produced and consumed
for which the cost to society (summarized by curve SMC) exceeds the social
benefits (summarized by curve D = SMB). In our example, the deadweight
loss is equal to the area BCA. The width of the deadweight loss triangle Is
determined by the number of units for which social costs exceed social bene-
fits (Qy — Qu). The height of the triangle is the difference between the mar-
ginal social cost and the marginal social benefit, the marginal damage.

5 1 - I - -
This example assumes that the damage from each unit of steel production js constant, but in reality the
damage can rise or fall as production changes. Whether the damage changes or remains the same affects the
shape of the social marginal cost curve, relative to the private marginal cost curve.
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refer- Negative Consumption Externalities
It is important to note that externalities do not arise solely from the produc-
WeVer. tion side of a market. Consider the case of cigarette smoke. In a restaurant that
largin- allows smoking, your consumption of cigarettes may have a negative effect on
luction my enjoyment of a restaurant meal. Yet you do not in any way pay for this
of pro- negative effect on me. This is an example of a negative consumption negative consumption exter-
of seeel externality, whereby consumption of a good reduces the well-being of oth- nality When an individual's con-
-2 the . : . sumption reduces the well-being
: ers, a loss for which they are not compensated. When there 15 a negative con- of others who are not compen-
16 mar- sumption externality, SMB = PMB — MD, where MD is the marginal damage sated by the individual.
e social done to others by your consumption of that unit. For example, if MD is 40¢ a
to P1). pack, the marginal damage done to others by your smoking is 40¢ for every
0 high- pack you smoke.
sosts on .Figure 5-3 shows supply and demand in the market for cigarettes. The sup-
ply and demand curves represent the PAMC and PMB. The private equilibrium
d curve is at point A, where supply (PMC) equals demand {(PMB}, with cigarette con-
- unit of sumption of Q; and price of P;. The SMC equals the PMC because there are
L Or%ce no externalities associated with the production of cigarettes in this example.
lrelaFWE Note, however, that the SMB is now below the PMB by 40¢ per pack; every
narginal pack consumed has a social benefit that is 40¢ below its private benefit. That
on of the is, at Q; units of production (point A), the social marginal benefit is the pri-
imposed vate marginal benefit at that point (which is equal to Py), minus 40¢ (point B).
_ For each pack of cigarettes, social benefits are 40¢ lower than private benefits,
Hlibrium since each pack consumed imposes 40¢ of costs on others for which they are
e of Py not compensated.
of con-
relation-
Y . ®FIGURE -3
ae social _ Price of ‘ _E : R
tion Q. © ¢ cigarettes . Market Failure Due to Negative
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The social-welfare-maximizing level of consumption, (O3, is identified by
point C, the point at which SMB = SMC. There is overconsumption of ciga-
rettes by Q7 — (Q: the social costs {point A on the SMC curve) exceed social
benefits {on the SMB curve) for all units between Q; and Qs. As a resule,
there is a deadweight loss (area ACB) in the market for cigarettes.

 GAPPLICATION

The Externality of SUVs®

In 1985, the typical driver sat behind the wheel of a car that weighed about
3,200 pounds, and the largest cars on the road weighed 4,600 pounds.
Today, the typical driver is in a car that weighs 4,089 pounds (an increase of
28%) and the largest cars on the road can weigh 8,500 pounds. The major
culprits in this evolution of car size are sport utility vehicles (SUVs). The
term SUV was originally reserved for large vehicles intended for off-road

-Positiv
When e
‘externali
‘duction
“parties ¢

driving, but it now refers to any large passenger vehicle marketed as an . ;;gtlzz
SUV, even if it lacks off-road capabilities. SUVs, with an average weight of deill 5n ¢
4,500 pounds, represented only 6.4% of vehicle sales as recently as 1988, :any oil 1
but 17 years later, in 2005, they accounted for over 25% of the new vehi- increases
cles sold each year. reserves
The consumption of large cars such as SUVs produces three types of neg- advantag
ative externalities: exerts a
Environmental Externalities The contribution of driving to global warm- -explorat
ing is directly proportional to the amount of fossil fuel a vehicle requires to -have- ad
travel a mile. The typical compact or mid-size car gets roughly 25 miles to the Flgurf
gallon but the typical SUV gets only 18 miles to the gallon. This means that externali
SUV drivers use more gas to go to work or run their errands, increasing fossil fower tha
fuel emissions. This increased environmental cost is not paid by those who the futu
drive SUVs. each dol
profits o
Wear and Tear on Roads Each year, federal, state, and local governments in “As a resy
the United States spend $33.2 pillion {df:zggiring our roadways.” Damage to equilibri
roadways comes from many sources, but a major culprit is the passenger vehi- duction r¢
cle, and the damage it does to the roads is proportional to vehicle weight. comnpany
When individuals drive SUVs, they increase the cost to government of Note
repairing the roads. SUV drivers bear some of these costs through gasoline ine, for
taxes {which fund highway repair), since the SUV uses more gas, but it is around |
unclear if these extra taxes are enough to compensate for the extra damage only wo
done to roads. have nic
me. Tha
$1,100,
. $800. 51
6 All data in this applica[i.on are from the US. Envirenmental Protection Agency (2005) and the ULS. ginal cOs
Deparument of Transportation (2004),

7 U.8. Department of Transportation (2004), p. 205. landscap.




ied by Safety Externalities One major appeal of SUVs is that they provide a fecling
£ ciga- of security because they are so much larger than other cars on the road. Offset-
[ social ting this feeling of security is the added insecurity imposed on other cars on the
result, road. For a car of average weight, the odds of having a fatal accident rise by
four times if the accident is with a typical SUV and not with a car of the same
size. Thus, SUV drivers impose a negative externality on other drivers because
they don’t compensate those other drivers for the increased risk of a dangerous
accident. 4
tabout Positive Externalities
ounds. * When economists think about externalities, they tend to focus on negative
rease_of . externalities, but not all externalities are bad. There may also be positive pro-
: MAYor _ duction externalities associated with a market, whereby production benefits
's). The parties other than the producer and yet the producer s not compensated.
sff-road Imagine the following scenario: There is public land beneath which there
d as an might be valuable oil reserves. The government allows any oil developer to
eight of drill in those public lands, as long as the government gets some royalties on
18 _1983’ any oil reserves found. Each dollar the oil developer spends on exploration
w vehi- increases the chances of finding oil reserves. Once found, however, the oil
reserves can be tapped by other companies; the initial driller only has the
of neg- advantage of getting there first. Thus, exploration for oil by one company
exerts a positive production externality on other companies: each dollar spent on
| warm- exploration by the first company raises the chance that other companies will
Juires to have a chance to make money from new oil found on this land.
es to the _ Figure 5-4 shows the market for oil exploration to illustrate the positive
eans that externality to exploration: the social marginal cost of exploration 1s actually
ing fossil lower than the private marginal cost because exploration has a positive effect on
ose who the future profits of other companies. Assume that the marginal benefit of
each dollar of exploration by one company, in terms of raising the expected
profits of other companies who drill the same land, is a constant amount MB.
ments in As a result, the SMC is below the PMC by the amount MB. Thus, the private
amage to equilibrium in the exploration market (point A, quantity Q,,l  leads to underpro-
ger vehi- duction relative to the optimal level (point B, quantity Qo) becatise the initial oil
= weight. “company is not compensated for the benefits it confers on other oil producers.
iment of Note also that there can be positive consumption externalities. Imag-
1 gasoline  ine, for example, that my neighbor is considering improving the landscaping
, but it is around his house. The improved landscaping will cost him $1,000, but it is
1 damage only worth $800 to him. My bedroom faces his house, and I would like to
* have nicer landscaping to look at. This better view would be worth $300 to
“me. That is, the total social marginal benefit of the improved landscaping is
$1,100, even though the private marginal benefit to my neighbor is only
'$800. Since this social marginal benefit ($1,100) is larger than the social mar-
and the US. ginal costs {$1,000), it would be socially efficient for my neighbor to do the

“landscaping. My neighbor won't do the landscaping, however, since his private

CHAPTER 5 ® EXTERNALITIES: PROBLEMS AND SCQLUTIONS 127

positive production external-
ity When a firm's production
increases the well-being of oth
ers but the firm is not compen-
sated by those others.,

positive consumption exter-
nality When an individual's con-
sumption increases the
well-being of others but the indi-
vidual is not compensated by
those others.
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n FIGURE 5 4

P

Market Failure Due to Positive
Production Externality in the Oil
Exploration Market « Expenditures
SMC = PMC - MB on oil exploration by any company :
have a positive externality because ‘a profess
they offer more profitable opportuni- 1960 W
ties for ather companies. This leads ; '
to a social marginal cost that is below
Pyl A - the private marginal cost, and a_soci_al
Deadweight loss " optimum quantity (@) that is greater
than the competitive market equilibri-

um quantity {Qy). There is underpro- ;
duction of Qa — 01, with-an associated
deadweight loss of area ABC. ~ B

Pric_e of
olt §=PMC

F‘1 .................... \

Marginat
henefit,

mB D = PMB = SMB

(31 Q.z Quantity of oil

Underproduction

costs ($1,000) exceed his private benefits. His landscaping improvements
would have a positive effect on me for which he will not be compensated,
thus leading to an underconsumption of landscaping.

Quick Hint One confusing aspect of the graphical analysis of externalities
is knowing which curve to shift, and in which direction. To review, there are four
possibilities:

» Negative production externality: SMC curve lies above PMC curve behavior
» Positive production externality: SMC curve lies below PMC curve ‘ : th e fish I
» Negative consumption externality: SMB ¢ Srve lies below PMB curve

» Pasitive consumption externality: SMB curve lies above PMB curve

Armed with these facts, the key is to assess which category a particular example
fits into. This assessment is done in two steps. First, you must assess whether
the externality is associated with producing a good or with consuming a good.
Then, you must assess whether the externality is positive or negative.

The steel plant example is a negative production externality because the
externality is associated with the production of steel, not its consumption; the
sludge doesn’t come from using steel, but rather from making it. Likewise, our
cigarette example is a negative consumption externatity because the externatity
js assaciated with the consumption of cigarettes; secondhand smoke doesnt
come from making cigarettes, it comes from smoking them. .




Private-Sector Solutions to Negative Externalities '

8 n microeconomics, the market is innocent until proven guilty (and, similar-
Oit ly, the government is often guilty until proven innocent!). An excellent
t:;es application of this principle can be found in a classic work by Ronald Coase,
use a professor at the Law School at the University of Chicago, who asked in
rtuni- 1960: Why won't the market simply compensate the affected parties for exter-
gads nalities?®
below
1 social
eater The Solution
uiort To see how a market might compensate those affected by the externality, let’s
:J[::ri(;-ted look at what would happen if the fishermen owned the river in the steel plant
example. They would march up to the steel plant and demand an end to the
sludge dumping that was hurting their livelihood. They would have the right
to do so because they have property rights over the river; their ownership con-
- fers to them the ability to control the use of the river.
Suppose for the moment that when this conversation takes place there is no
pollution-control technology to reduce the sludge damage; the only way to
reduce sludge is to reduce production. So ending sludge dumping would
mean shutting down the steel plant. In this case, the steel plant owner might
propose a compromise: she would pay the fishermen $100 for each unit of
svernents steel produced, so that they were fully compensated for the damage to their
pensated, fishing grounds. As long as the steel plant can make a profit with this extra
$100 payment per unit, then this is a better deal for the plant than shutting
down, and the fishermen are fully compensated for the damage done to them.
. This type of resolution is called internalizing the externality. Because
natities the fishermen now have property rights to the river, they have used the mar-
tre four ket to obtain compensation from the steel plant for its pollution. The fisher-
men have implicitly created a market for pollution by pricing the bad
behavior of the steel plant. From the steel plant’s perspective, the damage o
the fish becomes just another input cost, since it has to be paid in order to
produce. i i
. This point is illustrated in Figure 5-5. Initially, the steel market is in equilib-
xample rium at point A, with quantity Q; and price P;, where PMB = PMC,. The
whether socially optimal level of steel production is at point B, with quantity Q, and
a good. price P,, where SMB = SMC = PMC; + MD. Because the marginal cost of
producing each unit of steel has increased by $100 (the payment to the fisher-
use the men), the private marginal cost curve shifts upward from PMC, to PMCs,,
ion: the which equals SMC. That is, social marginal costs are private marginal costs plus
ise, our - $100, so by adding $100 to the private marginal costs, we raise the PMC to
emality equal the SMC. There is no longer overproduction because the social margin-
al costs and benefits of each unit of production are equalized. This example

doesn’t

¥ For the original paper, see Coase (1960).

CHAPTER 5 » EXTERNALITIES: PROBLEMS AND SOLUTIONS 129

internalizing the externality
When either private negotiations
ar government action tead the
price to the party to fully reflect

- the externat costs or benefits of

that party’s actions.
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= F_IGURE 5-5

: Price of
¢ steel

MD =
$100

Pz ..............

A Coasian Solution to Negative .
Production Externalities inthe
Steel Market « If the fishermen
charge the stéel plant $100 per unit

of steet produced, this increases the
plant’s private marginal cost curve :
from PMC; to PMCo, which ceincides’. .

SMC = PMC;

5= PMC,

Payment

Y, " with the SMC curve. The quantity pra-. - .

duced falis from @y %o Q-, the socially ;
optimal level of production: The: = ™
charge internalizes the externality and - -
removes the inefficiency of the' nega-
tive externality. .

D = PMB = SMB
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Coase Theorem {Part I} When
there are welldefined property
rights ang costless bargaining,
then negotiations between the
party creating the externality
and the party affected by the
externality can bring about the
socially optimal market quantity.

e e i AR A L O S S A0

e NS g o R R TR i

Coase Theorem (Part Il} The
efficient solution to an externafi-
ty does not depend an which
party is assigned the property
rights, as long as someone is
assigned those rights.

2, @ Quantity of steel

ilustrates Part I of the Coase Theorem: when there are well-defined prop-
erty rights and costless bargaining, then negotiations between the party creat-
ing the externality and the party affected by the externality can bring about the
socially optimal market quantity. This theorem states that externalities do not
necessarily create market failures, because negotiations between the parties can
lead the offending producers (or consumers) to internalize the externality, or
account for the external effects in their production {or consumption).

The Coase theorem suggests a very particular and limited role for the gov-
ernment in dealing with externalities: establishing property rights. In Coase’s
view, the fundamental limitation to implementing private-sector solutions to
externalities is poorly established property rights. If the government can estab-
lish and enforce those property gights, than the private market will do the rest.

The Coase theorem also has an important Part H: the efficient solution to
an externality does not depend on which party is assigned the property rights,
as long as someone is assigned those rights. We can illustrate the intuition
behind Part Il using the steel plant example. Suppose that the steel plant,
rather than the fishermen, owned the river. In this case, the fishermen would
have no right to make the plant owner pay a $100 compensation fee for each
unit of steel produced. The fishermen, however, would find it in their interest
to pay the steel plant to produce less. If the fishermen promised the steel plant
owner a payment of $100 for each unit he did not produce, then the steel
plant owner would rationally consider there to be an extra $100 cost to each
unit he did produce. Remember that in economics, opportunity costs are
included in a firm’s calculation of costs; thus, forgoing a payment from the
fishermen of $100 for each unic of steel not produced has the same effect on
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production decisions as being forced to pay $100 extra for each unit of steel
produced. Once again, the private marginal cost curve would incorporate this
extra (opporcunity) cost and shift out to the social marginal cost curve, and
there would no longer be overproduction of steel.

Quick Hint You may wonder why the fishermen would ever engage in either
of these transactions: they receive $100 for each $100 of damage to fish, or pay
$100 for each $100 reduction in damage to fish. So what is in it for them? The
answer is that this is a convenient sharthand ecanomics modelers use for say-
ing, “The fishermen would charge at least $100 for sludge dumping” or “The
fishermen would pay up to $100 to remove sludge dumping.” By assuming that
the payments are exactly $100, we can conveniently model private and social
marginal costs as equat. It may be usefut for you to think of the payment to the
Fshermen as $101 and the payment from the fishermen as $99, so that the fish-
ermen make some money and private and social costs are approximately equal.
In reality, the payments to or from the fishermen wilt depend on the negotiating
power and skill of both parties in this transaction, highlighting the importance
of the issues raised next.

The Problems with Coasian Solutions
This elegant theory would appear to rescue the standard competitive model

- from this important cause of market failures and make government interven-

tion unnecessary (other than to ensure property rights). In practice, however,
the Coase theorem is unlikely to solve many of the types of externalities that

cause market failures. We can see this by considering realistically the problems
involved in achieving a “Coasian solution” to the problem of river pollution.

- The Assignment Problem The first problem involves assigning blarne. Rivers
. can be very long, and there may be other pollution sources along the way that
_are doing some of the damage to the fish. The fish may also be dwindling for

natural reasons, such as disease or a rise in natural Prcdator§ In many cases, it is
impossible to assign blame for externalities to one specxﬁc éntity.

- Assigning damage is another side to the assignment problem. We have
assumed that the damage was a fixed dollar amount, $100. Where does this
figure come from in practice? Can we trust the fishermen to tell us the right
amount of damage that they suffer? It would be in their interest in any
Coasian negotiation to overstate the damage in order to ensure the largest
possible payment. And how will the payment be distributed among the fisher-
men? When a number of individuals are fishing the same area, it is difficult to
say whose catch is most affected by the reduction in the stock of available fish.

The significance of the assignment problem as a barrier to internalizing the
externality depends on the nature of the externality. If my loud stereo playing
disturbs your studying, then assignment of blame and damages is clear. In-the
case of global warming, however, how can we assign blame clearly when carbon

EXTERNALITIES: PROBLEMS AND SOLUTIONS
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holdout prablem Shared own-
ership of property rights gives
each owner power aver all the
athers.

emissions from any source in the world contribute to this problem? And how
can we assign damages clearly when some individuals would like the world to
be hotter, while others would not? Because of assignment problems, Coasian
solutions are likely to be more effective for small, localized externalities than for

larger, more global externalities.

The Holdout Problem Imagine that we have surmounted the assignment
problem and that by careful scientific analysis we have determined that each
unit of sludge from the steel plant kills §1 worth of fish for each of 100 fish-
ermen, for a total damage of $100 per unit of steel produced.

Now, suppose that the fishermen have property rights to the river, and the
steel plant can’t produce unless alt 100 fishermen say it can. The Coasian solu-
tion is that each of the 100 fishermen gets paid $1 per unit of steel produc-

tion, and the plant continues to produce steel. Each fisherman walks up to the.

plant and collects his check for $1 per unit. As the last fisherman is walking

up, he realizes that he suddenly has been imbued with incredible power: the.

steel plant cannot produce without his permission since he is a part owner of
the river. So, why should he settle for only $1 per unit? Having already paid
out $99 per unit, the steel plant would probably be willing to pay more than
$1 per unit to remove this last obstacle to their production. Why not ask for
$2 per unit? Or even more?

This is an illustration of the holdout problem, which can arise when the
property rights in question are held by more than one party: the shared prop-
erty rights give each party power over all others. If the other fishermen are
thinking ahead they will realize this might be a problem, and they will all try
to be the last one to go to the plant. The result could very well be a break-~
down of the negotiations and an inability to negotiate a Coasian solution. As
with the assignment problem, the holdout problem would be amplified with a
huge externality like global warming, where billions of persons are potential-
ly damaged.

The Free Rider Problem Can we solve the holdout problem by simply
assigning the property rights to the side with only one negotiator, in this case
the steel plant? Unfortunately, doing so creates a new problem.

Suppose that the steel planc h#s propedty, rights to the river, and it agrees to
reduce production by 1 unit for each $100 received from fishermen. Then the
Coasian solution would be for the fishermen to pay $100, and for the plant to
then move to the optimal level of production. Suppose that the optimal
reduction in steel production (where social marginal benefits and costs are
équal) is 100 units, so that each fisherman pays $100 for a total of $10,000,
and the plant reduces production by 100 units.

Suppose, once again, that you are the last fisherman to pay. The plant has
already received $9,900 to reduce its production, and will reduce its produc-
tion as 2 result by 99 units. The 99 units will benefit all fishermen equally
since they all share the river. Thus, as a result, if you don’t pay your $100, you
will still be almost as well off in terms of fishing asif you do. That is, the dam-
age avoided by that last unit of reduction will be shared equally among all 100
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. how fishermen who use the river, yet you will pay the full $100 to buy that last unit
rld to - of reduction. Thought of that way, why would you pay? This is an example of : i ,
yasian  the free rider problem: when an investment has a personal cost but a com- ~ free rider problem When an
an for mon benefit, individuals will underinvest. Understanding this incentive, your investment has a personal cost
~ fellow fishermen will also not pay their $100, and the externality will remain but a common benefit, individu-
’ - ) als will underinvest.
ment unsolved; if the other fishermen realize that someone is going to grab a free ; — —
- each - ride, they have little incentive to pay in the first place.
) fish- Transaction Costs and Negotiating Problems Finally, the Coasian approach
ignores the fundamental problem that it is hard to negotiate when there are
1d the large numbers of individuals on one or both sides of the negotiation. How
-solu- can the 100 fishermen effectively get together and figure out how much to
oduc- charge or pay the steel plant? This problem is amplified for an externality such
to the a5 global warming, where the potentially divergent interests of billions of par-
alking ties on one side must be somehow aggregated for a negotiation.
ar: the Moreover, these problems can be significant even for the small-scale, local-
ner of ized externalities for which Coase’s theory seems best designed. In theory, my
vy paid neighbor and I can work out an appropriate compensation for my loud music
e than ~disturbing his studying. In practice, this may be a socially awkward conversa-
sk for tion that is more likely to result in tension than in a financial payment. Simi-
larly, if the person next to me in the restaurant is smoking, it would be far
en the outside the norm, and probably considered insulting, to lean over and offer
prop- him $5 to stop smoking. Alas, the world does not always operate in the ration-
en are al way economists wish it would!
;i:z §ottom‘ Line Rona-ld‘ Coase’s insight that externali.ti.es can sometimes .be
on. As internalized was a brilliant one. It provides the competitive market model with
with 2 a defense against the onslaught of market failures that we will bring to bear on
o it throughout this course. It is also an excellent reason to suspect that the mar-
ential- . . . .
ket may be able to internalize some small-scale, localized externalities. Where
it won't help, as we've seen, is with large-scale, global externalities that are the
simply focus of, for example, environmental policy in the United States. The govern-
is case ment may therefore have a role to play in addressing larger externalities.
Tees to wl al
ren the _
lant to Public-Sector Remedies for Externalities
yptimal
sts are n the United States, public policy makers do not think that Coasian solu-
£0,000, - Itions are sufficient to deal with large-scale externalities. The Environmental
Protection Agency (EPA) was formed in 1970 to provide public-sector solu-
ant has tions to the problems of externalities in the environment. The agency regu-
woduc- lates a wide variety of environmental issues, in areas ranging from clean air to
equally cleant water to land management.9
00, you
e dam- ?See http:f/wxywepa.gov/epahm.ne/gboutepa.htm for more information. There are gov:er_nment resources
devoted ta environmenral regulation in ather agencies as well, and these resources don’t include the mil-
-all 100 lions of hours of work by the private sector in complying with-environmental reguiation.
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‘mFIGURE 5-6
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© Price of
steel

Taxation as a Solution to Negative -
Production Externalities in the
Steef Market « A tax of $100 per
unit tequal to the marginal-damage of
pollution) increases the firm's private - -
marginai cost curve from PMCito. .
PMC., which coincides with the SMC
curve. The quantity produced falls
from O, Yo Qg, the socially optimal
level of production. Just as with the
Coasian payment, this tax internalizes
the externality and remaves the ineffi-
ciency of the negative externality. .-

SMC = PMC; = PMC, + MD

D = PMB = SMB

Quantity of steel

Public policy makers employ three types of remedies to resolve the prob-
lems associated with negative externalities.

Corrective Taxation

We have seen that the Coasian goal of “internalizing the externality” may be
difficult to achieve in practice in the private market. The government can
achieve this same outcome in a straightforward way, however, by taxing the
steel producer an amount MDD for each unit of steel produced.

Figure 5-6 illustrates the impact of such a tax. The steel market is initially
in equilibrium at point A, where supply {=PMC) equals demand (= PMB =
SMB), and Q; units of steel are produced at price P;. Given the externality
with a cost of MD, the sociallyoptimabiproduction is at point B, where social
marginal costs and benefits are equal. Suppose that the government levies a tax
per unit of steel produced at an amount ¢ = MD. This tax would act as anoth-
er input cost for the steel producer, and would shift its private marginal cost
up by MD for each unit produced. This will result in a new PMC curve,
PMC,, which is identical to the SMC curve. As-a result, the tax tf:fff:ctivelyr
internalizes the externality and leads to the socially optimal outcome (point
B, quantity Q). The government per-unit tax on steel production acts in the
same way as if the fishermen owned the river. This type of corrective taxation
is often called “Pigouvian taxation,” after the economist A. C. Pigou, who first
suggested this approach to solving externalities.’®

10 See, for example, Pigou (1947}
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Subsidies

As noted earlier, not {a]l externalities are negative; in cases such as oil explo-
ration or nice landscaping by your neighbors, externalities can be positive.
The Coasian solution to cases such as the oil exploration case would be for
the other oil producers to take up a collection to pay the initial driller to
search for more oil reserves (thus giving them the chance to make more
money from any oil that is found). But, as we discussed, this may not be feasi-
ble. The government can achieve the same outcome by making a payment, or
1 subsidy, to the initial driller to search for more oil. The amount of this sub-
sidy would exactly equal the benefit to the other oil companies and would
cause the initial driller to search for more oil, since his cost per barrel has been
lowered.
~The impact of such a subsidy is illustrated in Figure 5-7, which shows

“once again the market for oil exploration. The market is initially in equilibri-

um at point A where PMC; equals PMB, and Q barrels of oil are produced
at price ;. Given the positive externality with a benefit of MB, the socially
optimal production is at point B, where social marginal costs and benefits are
equal. Suppose that the government pays a subsidy per barrel of oil produced

of §= MB. The subsidy would lower the private marginal cost of oil pro-

duction, shifting the private marginal cost curve down by MB for each unit
produced. This will result in a new PMC curve, PMC,, which is identical to
the SMC curve. The subsidy has caused the initial driller to internalize the

- positive externality, and the market moves from a situation of underproduc-

tion to one of optimal production.

 FIGURE 5-7

Pricg of H
oil s = PMC,

Py

Py

D= PMB = SMB

Q‘l dz Quantity of il

subsidy Government payment
to an individual or firm that low-
ers the cost of consumption or
production, respectively.

Subsidies as a Solution to.Positive
. Production Externalities in the
SMC = PMC,= : Marketfor O Exptoration"_ A-sub-
PMC, - MD i sidy that is equal to the marginal bene-
radt / : fit from oil exploration reduces the oil -
© producer's marginal cost curve from
PMC: to PMC», which coincides with’
the SMC curve. The quantity produced
rises fram Q to @s, the socially opt-
mal level of production. :




136 PART II = EXTERNALITIES AND PUBLIC GOODS

Regulation

Throughout this discussion, you may have been asking vourself: Why this fas-
cination with prices, taxes, and subsidies? If the government knows where the
socially optimal level of production is, why doesn’t it just mandate that pro-
duction take place at that level, and forget about trying to give private actors
incentives to produce at the optimal point? Using Figure 5-6 as an example,
why not just mandate a level of steel production of Q, and be done with it?

In an ideal world, Pigouvian taxation and regulation would be identical.
Because regulation appears much more straightforward, however, it has been
the traditional choice for addressing environmental externalities in the United
States and around the world. When the U.S. government wanted to reduce
emissions of sulfur dioxide (SO,) in the 1970s, for example, it did so by put-
ting a limit or cap on the amount of sulfur dioxide that producers could emit,
not by a tax on emissions. In 1987, when the nations of the world wanted to
phase out the use of chlorofluorocarbons (CFCs), which were damaging the
ozone layer, they banned the use of CFCs rather than impose a large tax on
products that used CFCs.

Given this governmental preference for quantity regulation, why are econo—
mists so keen on taxes and subsidies? In practice, there are complications that
may make taxes a more effective means of addressing externalities. In the next
section, we discuss two of the most important complications. In doing so, we
fllustrate the reasons that policy makers might prefer regulation, or the “quanti~
ty approach” in soine situations, and taxation, or the “price approach” in others.

APPLICATION

Taxes and Regulation in Practice: The Case of the Baltic Sea'!

The Baltic Sea is the world’s largest brackish sea, a mixture of salt and “fresh
water. Considered a healthy ecosystem until the 1950s, the Baltic 1s now one
of the most polluted bodies of water on earth. The pollution comes now
largely from the former communist countries of Eastern Europe, whose inef-
ficient industries and municipalities continue to send pollutants into the sea
and the areas that surround and“drain ir#® it. Chemical plants in Poland release
toxins into nearby soil, while the Russian city of St. Petersburg sends its
untreated sewage directly into the Neva Raver, which in turn flows to the
Baltic. The Western European nations are, however, not blameless. Swedish
agriculture uses harmful fertihzers that leach into the Baltics waters, and
highly polluting factories in various Western European nations, though now
largely closed, were responsible for some of the chemicals that remain in the
sea to this day.

This pollution threatens human health, because some species of fish caught
in the Baltic Sea now contain dangerously high levels of dioxin, a cancer-
causing substance released when plastics and fuels are burned. Moreover, it also

! Helsinki Commission (2003).
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- weakens the viability of the local fishing industry on which the livelihoods of

many Baltic Sea residents depend. Thus, this is a classic negative externality.
The fall of communism in 1989 opened up possibilities for international

~ cooperation that the countries of the Baltic region were quick to exploit. In

1990, Sweden coordinated the creation of the Baltic Sea Joint Comprehensive

Environmental Action Programme (JCP), an agreement to begin a massive
" dleanup effort among 14 nations close to the Baltic Sea. The JCP identified

132 hot spots, particularly large sources of pollution, and agreed to spend
about $1 billion a year for 20 years to clean themn up. Funding comes from the
wealthier parties to the agreement, as well as from international institutions
like the World Bank and European Union. The agreement thus allowed
wealthier countries like Sweden and Finland to begin protecting their fishing

industries and gave poorer countries funds to modernize industrial and

municipal systems.

After the agreement was signed, 2 further set of questions arose. When try-
ing to clean up a pollution hot spot, should governments use regulation (like
forbidding the dumping of untreated sewage) or taxation (a charge per unit of
sewage dumped)? Under the JCP, as it turns out, both regulation and taxation
have been used, often simultaneously. Some examples:

» Poland recently succeeded in having 10 hot spots wiped off the list by
quintupling (since 1990) investment in technology for environmental

 protection. Poland spent hundreds of millions of dollars ensuring that
the vast majority of its industrial and municipal wastewater was being
treated before entering the Baltic system. Surprisingly, only 6% of
these funds came from external sources. The remaining 94% was
raised by Poland itself, in the form of fines and fees levied on domes-
tic polluters. A tax on pollution was thus being used to fund compli-
ance with regulations demanding the treatment of wastewater.

» The Swedish city of Kippala now runs its own treatment plant
through which industrial and municipal wastewater must flow before
entering the Baltic system. Industries are forbidden from discharging
wastewater that is corrosive or toxic (regulation) and are charged a fee
by the city for the volume of wastewater and for each k110gram of
pollutant present in the water sent to the treatrfient pla”ri'c {taxation).
The fees, which range from $0.50 to $10 per kilogram depending on
the pollutant, reflect the cost to the city of treating the water.

» In 2002, the JCP was asked to develop ways of dealing with particular
hot spots in Ukraine and Belarus that had arisen because of over-
loaded and obsolete wastewater treatment systems. The JCP noted that
most European countries levy significant charges for water usage on
households and industry. Belarus and Ukraine charge only $0.02 per
cubic meter of water used, much less than other countries, resulting in
a daily consumption of nearly 100 gallons per person, twice the Furo-
pean average! The JCP thus recommended that those countries raise
their water fees to accurately reflect the cost of treating water being
discharged into the Baltic system.

137
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The challenges to the Baltic Sea are hardly over. To date, around 80 of the
original 132 hot spots still remain heavily polluting. The main challenge,
unsurprisingly, is to find the funding to deal with such spots. St. Petersburg, for
example, continues as the Baltic’s single largest polluter because it cannot raise
the funds necessary to complete a partially built sewage treatment plant. The
JCP nevertheless provides an interesting example of how to use both regula-
tion and taxation to accomplish environmental goals. < ‘J

Distinctions Between Price and Quantity
Approaches to Addressing Externalities

n this section, we compare price (taxation) and quantity (regulation)
Iapproaches to addressing externalities, using more complicated models in
which the social efficiency implications of intervention might differ between
the two approaches. The goal in comparing these approaches is to find the
most efficient path to environmental targets. That is, for any reduction in pol-
lution, the goal is to find the lowest-cost means of achieving that reduction.'?

Basic Model

To illustrate the important differences between the price and quantity

approaches, we have to add one additional complication to the basic competi-

tive market that we have worked with thus far. In that model, the only way to

reduce pollution was to cut back on production. In reality, there are many

other technologies available for reducing pollution besides simply scaling back

production. For example, to reduce sulfur dioxide emissions from coal-fired

power plants, utilities can install smokestack scrubbers that remove SO, from ero. Mo

the emissions and sequester it, often in the form of liquid or solid sludge that - - at P t

can be disposed of safely. Passenger cars can also be made less polluting by 78K axisﬁ;e;)r

installing *“catalytic converters,” which turn dangerous nitrogen oxide into : - pollutior

compounds that are not harmful to public health. sUmers v
To understand the differences $betweeniprice and quantity approaches to ' The A

pollution reduction, it is useful to shift our focus from the market for a good ' al pollut

(e.g., steel) to the “market” for pollution reduction, as illustrated in Figure 5-8. reductior

In this diagram, the horizontal axis measures the extent of pollution reduction . downwa

undertaken by a plant; a value of zero indicates that the plant is not engaging ' pollutios

i any pollution reduction. Thus, the horizontal axis also measures the amount e no gain !

of pollution: as you move to the right, there is more pollution reduction and The 1

less pollution. We show this by denoting more reduction as you move to the pollutior

right on the horizontal axis; Ry, indicates that pollution has been reduced to producti

tighten a

12 The discussion of this section focuses entirely on the efficency consequences of tax versus regulatory ‘ of reduc
approaches to addressing externalities. There may be important equity considerations as well, however,

whic.h affect the government’s decision about policy instruments. We will discuss the equity properties of completc
taxation in Chapter 19. ties from
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Pollution _ _
reduction ($) 5= PMC = SMC
{firm’s cost,

society’s benefit)

, MD = SMB

D = PMB
__.___._y,
Mere reduction

Reduction 0 T R*M R
Follution P, " [ NSO SR SR 0
———————

More pollution

- The Market for Pollution Reduction * The marginal cost of poilution reduction (PMC = SMC) is
. a rising function, while the marginal benefit of poilution reduction (SMB} is {by assumption} a flat
marginal darnage curve. Moving from Ieft to right, the amount of pollution reduction increases,
while the amount of poliution falls. The optimal jevel of pollution reduction is R, the point at which
" these curves intersect. Since poliution is the complement of reduction, the aptimal amount of pok
[ution is P*.

ero. More pollution is indicated as you move to the left on the horizontal axis;
at Ppp, the maximum amount of pollution is being produced. The vertical
~axis represents the cost of pollution reduction to the plant, or the benefit of

pollution reduction to society {that is, the benefit to other producers and con-

“sumers who are not compensated for the negative externality).
. ‘The MD curve represents the marginal damage that is a¥étted by addition-

“al pollution reduction. This measures the social marginal benefit of poliution

eduction. Marginal damage is drawn flat at $100 for simplicity, but it could be
downward sloping due to diminishing returns. The private marginal benefit of
pollution reduction is zero, so it is represented by the horizontal axis; there is

“no gain to the plant’s private interests from reducing dumping,

- The PMC curve represents the plant’s private marginal cost of reducing
pollution. The PMC curve slopes upward because of diminishing marginal
productivity of this input. The first units of pollution are cheap to reduce: just
‘tighten a few screws or put a cheap filter on the sludge pipe. Additional units
- of reduction become more expensive, until it is incredibly expensive to have a
completely pollution-free production process. Because there are no externali-

tes from the production of pollution reduction (the externalities come from

CHAPTER 5 = EXTERNALITIES: PROBLEMS AND SOLUTIONS
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the end product, reduced pollution, as reflected in the SMB curve, not from
the process involved in actually reducing the pollution), the PMC is also the
SMC of pollution reduction.

The free market outcome in any market would be zero pollution reduc-
tion. Since the cost of pollution s not borne by the plant, it has no incentive
to reduce pollution. The plant will choose zero reduction and a full amount of
pollution Py (point A, at which the PMC of zero equals the PMB of zero).

What is the optimal level of pollution reduction? The optimum is always -
found at the point at which social marginal benefits and costs are equal, here
point B. The optimal quantity of pollution reduction is R*: at that quanticy,
the marginal benefits of reduction (the damage done by pollution) and the
marginal costs of reduction are equal. Note that setting the optimal amount of
pollution reduction is the same as setting the optimal amount of pollution. If
the free market outcome is pollution reduction of zero and pollution of Pgp,
then the optimum is pollution reduction of R* and pollution of P*.

Price Regulation (Taxes) vs. Quantity Regulation in This
Model

Now, contrast the operation of taxation and regulation in this framework. The' -
optimal tax, as before, is equal to the marginal damage done by pollation,
$100. In this situation, the government would set a tax of $100 on each unit
of pollution. Consider the plant’s decision under this tax. For each unit of
pollution the plant makes, it pays a tax of $100. If there is any pollution
reduction that the plant can do that costs Jess than $100, it will be cost-
effective to make that reduction: the plant will pay some amount less than
$100 to get rid of the pollution, and avoid paying a tax of $100. With this'
plan in place, plants will have an incentive to reduce pollution up to the point
at which the cost of that reduction is equal to the tax of $100. That is, plants
will “walk up” their marginal cost curves, reducing pollution up to a reduc--
tion of R* at point B. Beyond that point, the cost of reducing pollution
exceeds the $100 that they pay in tax, so they will just choose to pay taxes on
any additional units of pollution rather than to reduce pollution further.
Thus, a Pigouvian (corrective) tax equal to $100 achieves the socially optimal
Jevel of pollution reduction, just as in the earlier analysis.

Regulation is even more straightforward to analyze in this framework. The
government simply mandates that the plant reduce pollution by an amount -
R*, to get to the optimal pollution level P*. Regulation seems more difficult
than taxation because, in this case, the government needs to know not only
MD but also the shape of the MC curve as well. This difficulty is, however,
just a feature of our assumption of constant MD; for the more general case of '
a falling MD, the government needs to know the shapes of both MC and MD
curves in order to set either the optimal tax or the optimal regulation.

Multiple Plants with Different Reduction Costs

Now; let’s add two wrinkles to the basic model. First, suppose there are now
two steel plants doing the dumping, with each plant dumping 200 units of
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sludge into the river each day. The marginal damage done by each unit of
' sludge is $100, as before. Second, suppose that technology is now available to
reduce sludge associated with production, but this technology has different
costs at the two different plants. For plant 4 reducing sludge is cheaper at any
leve! of reduction, since it has a newer production process. For the second
plant, B, reducing sludge is much more expensive for any level of reduction.
Figure 5-9 summarizes the market for pollution reduction 1n this case. In
this figure, there are separate marginal cost curves for plant A (MC,) and for
plant B (MCg). At every level of reduction, the marginal cost to plant A is
lower than the marginal cost to plant B, since plant A has a newer and more
efficient production process available. The total marginal cost of reduction in
the market, the horizontal sum of these two curves, is MCr for any total
teduction in pollution, this curve indicates the cost of that reduction if it is
distributed most efficiently across the two plants. For example, the total mar-
- ginal cost of a reduction of 30 units is $0, since plant A can reduce 50 units
~ for free; so the efficient combination is to have plant A do all the reducing.
" The socially efficient level of pollution reduction (and of pollution} is the
" intersection of this MCy curve with the marginal damage curve, MD, at point
Z,indicating a reduction of 200 units (and pollution of 200 units).

% FIGURE 5-9

Cost of
pollution MCe
reduction {3) MCp 100

Q
Reduction 0 50 150 200 = 400

Pollution 400 ~=— 350 250 200 0

Pollution Reduction with Muitiple Firms » Plant A has a lower marginal cost of poliution
reduction at each level of reduction than does plant 8. The optimal level of reduction for the
market is the point at which the sum of marginal costs equals marginal damage (at point Z,
with a reduction of 200 units). An equal reduction of 100 units for each plant is inefficient since

“ he marginal cost to plant B {MCg) is so much higher than the marginal cost to plant A (MCa),
The optimal division of this reduction is where each plant’s marginal cost is equal to the social

" marginal benefit (which.is equal to margina! damage). This occurs when plant A reduces by -

" 150 units and piant B reduces by 50 units, at a marginal cost to each of 5100,

CHAPTER 5 w EXTERNALITIES: PROBLEMS AND SOLUTIONS
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Policy Option 1: Quantity Requiation Let’s now examine the government’s
policy options within the context of this example. The first option is regula-
tion: the government can demand a total reduction of 200 units of sludge
from the market. The question then becomes: How does the government
decide how much reduction to demand from each plant? The typical regula-
tory solution to this problem in the past was to ask the plants to split the bur-
den: each plant reduces pollution by 100 units to get to the desired total -
reduction of 200 units.

This 1s not an efficient solution, however, because it ignores the fact that
the plants have different marginal costs of pollution reduction. At an equal
level of pollution reduction (and poltution), each unit of reduction costs less
for plant A (MC,) than for plant B (MCpg). If, instead, we got more reduction
from plant A than from plant B, we could lower the total social costs of pollu-
tion reduction by taking advantage of reduction at the low-cost option {plant .
A). So society as a whole is worse off if plant A and plant B have to make |
equal reduction than if they share the reduction burden more efficiently.

This point is llustrated in Figure 5-9. The efficient solution is one where, for
each plant, the marginal cost of reducing pollution 1s set equal to the social mar- -
ginal benefit of that reduction; that is, where each plant’s marginal cost curve
intersects with the marginal benefit curve. This occurs at a reduction of 50 units
for plant B (point X), and 150 units for plant A {point Y'). Thus, mandating a
reduction of 100 units from each plant is inefficient; total costs of achieving a
reduction of 200 units will be lower if plant A reduces by a larger amount.

Policy Option 2: Price Regulation Through a Corrective Tax The second
approach is to use a Pigouvian corrective tax, set equal to the marginal dam- -
age, so each plant would face a tax of $100 on each unit of sludge dumped.
Faced with this tax, what will each plant do? For plant A, any unit of sludge
reduction up to 150 units costs less than $100, so plant A will reduce its pollu-
tion by 150 units. For plant B, any unit of sludge reduction up to 50 units
costs less than $100, so it will reduce pollution by 50 units. Note that these are
exactly the efficient levels of reduction! Just as in our earlier analysis, Pigou-
vian taxes cause efficient production by raising the cost of the input by the
size of its external damage, thereby raising private marginal costs to social
marginal costs. Taxes are preferred’to quaftiity regulation, with an equal distri-
bution of reductions across the plants, because taxes give plants more flexibil-
ity in choosing their optimal amount of reduction, allowing them to choose
the efficient level.
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Policy Option 3: Quantity Regulation with Tradable Permits Does this
mean that taxes always dominate quantity regulation with multiple plants? Not
necessarily. If the government had mandated the appropriate reduction from
each plant (150 units from A and 50 units from B}, then quantity regulation
would have achieved the same outcome as the tax. Such a solution would,
however, require much more informacion. Instead of just knowing the mar-
ginal damage and the total marginat cost, the government would also have to
know the marginal cost curves of each individual plant. Such detailed infor-
mation would be hard to obtain.
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Quantity regulation can be rescued, however, by adding a key flexibilicy:
issue permits that allow a certain amount of pollution and let the plants trade.
Suppose the government announces the following system: it will issue 200
permits that entitle the bearer to produce one unit of pollution. It will initial-
ly provide 100 permits to cach plant. Thus, in the absence of trading, each
plant would be allowed to produce only 100 units of sludge, which would in
turn require each plant to reduce its pollution by half (the inefficient solution
previously described).

If the government allows the plants to trade these permits to each other,
however, plant B would have an interest in buying permits from plant A. For
plant B, reducing sludge by 100 units costs MCpg 100, 2 marginal cost much
greater than plant A’s marginal cost of reducing pollution by 100 units, which is
" MC4 100- Thus, plants A and B can be made better off if plant B buys a permat
" fiom plant A for some amount between MC4 100 and MCp 100, 50 that plant B
would pollute 101 units {reducing only 99 units) and plant 4 would pollute 99
anits (reducing 101 units). This transaction is beneficial for plant B because as
long as the cost of a permit is below MCjp 100, plant B pays less than the amount
it would cost plant B to reduce the pollution on its own. The trade is beneficial
for plant A as long as it receives for a permit at least MC4 100, since it can reduce
the sludge for a cost of only MC,4, 100, and make money on the difference.

By the same logic, a trade would be beneficial for a second permit, so that
plant B could reduce sludge by only 98, and plant 4 would reduce by 102. In
fact, any trade will be beneficial until plant B is reducing by 50 units and plant
A is reducing by 150 units. At that point, the marginal costs of reduction
across the two producers are equal (to $100), so that there are no more gains
from trading permits.

What is going on here? We have simply returned to the intuition of the
Coasian solution: we have internalized the externality by providing property rights
to pollution. So, like Pigouvian taxes, trading allows the market to incorporate
differences in the cost of pollution reduction across firms. In Chapter 6, we
discuss a successful application of trading to the problem of environmental
externalities.

-4 ey
‘Uncertainty About Costs of Reduction

Differences in reduction costs across firms are not the only reason that taxes or
regulation might be preferred. Another reason is that the costs or benefits of
regulation could be uncertain. Consider two extreme examples of externali-
ties: global warming and nuclear leakage. Figure 5-10 extends the pollution
reduction framework from Figure 5-8 to the situation in which the marginal
damage (which is equal to the marginal social benefit of pollution reduction}
‘is now no longer constant, but falling. That is, the benefit of the first unit of
pollution reduction is quite high, but once the production process is relatively
pollution-free, additional reductions are less important (that is, there are
_ diminishing marginal returns to reduction}.

Panel (a) of Figure 5-10 considers the case of global warming, In this case,
the exact amount of pollution reduction is not so criticai for the environment.

CHAPTER & ® EXTERNALITIES: PROBLEMS AND SQLUTIONS
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s FIGURE 5-10 R
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Since what determines the extent of global warming is the total accumulated
stock of carbon dioxide in the air, which accurnulates over many years from
sources all over the world, even fairly large shifts in carbon dioxide pollution in
one country today will have little irnpact on global warming. In that case, we
say that the social marginal benefit curve {which is equal to the marginal dam-

lation 1s




 age from global warming) is very flat: that is, there is little benefit to society
. from modest additional reductions in carbon dioxide emissions.

Panel (b) of Figure 5-10 considers the case of radiation leakage from a
nuclear power plant. In this case, a very small difference in the amount of
nuclear leakage can make a huge difference in terms of lives saved. Indeed,
it is possible that the marginal damage curve (which is once again equal to
the marginal social benefits of pollution reduction) for nuclear leakage is
almost vertical, with each reduction in leakage being equally important in
terms of saving lives. Thus, the social marginal benefit curve in this case is
very steep.

Now, in both cases, imagine that we don’t know the true costs of pollution
reduction on the part of firms or individuals. The government’s best guess is
that the true marginal cost of pollution reduction is represented by curve
_ MC, in both panels. There is a chance, however, that the marginal cost of pol-
lution reduction could be much higher, as represented by the curve MC,. This
uncertainty could arise because the government has an imperfect understand-
ing of the costs of pollution reduction to the firm, or it could arise because
hoth the government and the firms are uncertain about the ultimate costs of

pollution reduction.

Implications for Effect of Price and Quantity Interventions This uncer-
- tainty over costs has important implications for the type of intervention that
reduces pollution most efficiently in each of these cases. Consider regulation
first. Suppose that the government mandates a reduction, Ry, which is the
optimum if costs turn out to be given by MC;: this is where social marginal
"~ benefits equal social marginal costs of reduction if marginal cost equals MCj.
Suppose now that the marginal costs actually turn out to be MG, so that the
‘optimal reduction should instead be Ry, where SMB = MC,. That is, regula-
tion is mandating a reduction in pollution that is too large, with the marginal
" benefits of the reduction being below the marginal costs. What are the effi-
ciency implications of this mistake?

In the case of global warming (panel (a)), these efficiency costs are quite
high. With a mandated reduction of R, firms will face a cost of reduction of
C,, the cost of reducing by amount R, if margmal costy are described by
- MC,. The social marginal benefit of reduction of Rl s equ:ﬁ to Cy, the point
where Ry intersects the SMB curve. Since the cost to firms (Cy) is so much
higher than the benefit of reduction (), there is a large deadweight loss
(DWL,) of area ABC (the triangle that incorporates all units where cost of
reduction exceeds benefits of reduction).

In the case of nuclear leakage (panel (b)), the costs of regulation are very
low. Once again, with a mandated reduction of Ry, firms will face a cost of

ymulated reduction of Cy, the cost of reducing by amount R; if marginal costs are
zars from described by MC,. The social marginal benefit of reduction at R; is once
[lution in apain equal to C,. In this case, however, the associated deadweight loss triangle

ABC (DWL,) is much smaller than in panel (a), so the inefficiency from regu-
lation is much lower.

: case, we
mal dam-
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Now, contrast the use of corrective taxation in these two markets, Suppose
that the government levies a tax designed to achieve the optimal level of Concl
reduction if marginal costs are described in both cases by MC,, which is R;. :
As discussed earlier, the way to do this is to choose a tax level, t, such that the § External
Grm chooses a reduction of Rj. In both panels, the tax level that will cause finance:
frms to choose reduction Ry is a tax equal to C;, where MC; intersects MD. doesn’t |
A tax of this amount would cause firms to do exactly Ry worth of reduction, '
if marginal costs are truly determined by MC;.
If the true marginal cost ends up being MC,, however, the tax causes firms
to choose a reduction of Rs, where their true marginal cost is equal to the tax
(where t = MC, at point E), so that there is too fittle reduction. In the case of
global warming in panel {(a), the deadweight loss (DWLj) from reducing by Rs
instead of R, is only the small area DBE, representing the units where social
marginal benefits exceed social marginal costs. In the case of nuclear leakage
in panel (b), however, the deadweight loss (DWL,) from reducing by R
instead of R, is a much larger area, DBE, once again representing the units
where social marginal benefits exceed social marginal costs.

Implications for Instrument Choice The central intuition here is that the
instrument choice depends on whether the government wants to get the amount of pollu-
tion reduction vight or whether it wanis fo minimize cosis. Quantity regulation
assures there is as much reduction as desired, regardless of the cost. So, if it is
critical to get the amount exactly right, quantity regulation is the best way to
go. This is why the efficiency cost of quantity regulation under uncertainty is
so much lower with the nuclear leakage case in panel (b). In this case, it is crit-
ical to get the reduction close to optimal; if we end up costing firms extra
money in the process, so be it. For global warming, getting the reduction
exactly right isn’t very important; so it is inefficient in this case to mandate a
very costly option for firms. _ ’ HIG

Price regulation through taxes, on the other hand, assures that the cost of & Exter
reductions never exceeds the level of the tax, but leaves the amount of reduc- 48 _party
tion uncertain. That is, firms will never reduce pollution beyond the point at the fi
which reductions cost more than the tax they must pay (the point at which . - theb
the tax intersects their true marginal cosgeurve, MC,). If marginal costs turn Nega
out to be higher than anticipated, then firms will just do less pollution reduc- 3 good
tion. This is why the deadweight loss of price regulation in the case of global naliti
warming is so small in panel (a): the more efficient outcome is to get the exact comg
reduction wrong but protect firms against very high costs of reduction. Thisis 3 weigl
clearly not true in panel (b}: for nuclear leakage, it is most important to get the E Priva
quantity close to right (almost) regardless of the cost to firms. & probl

In summary, quantity regulations ensure environmental protection, butata . © o this €
variable cost to firms, while price regulations ensure the cost to the firms, but _ it an
at a vatiable level of environmental protection. So, if the value of getting the most
environmental protection close to right is high, then quantity regulations will - 18 ® The .
be preferred; but if getting the protection close to right is not so important, ' sidy)‘
then price regulations are a preferred option. ing e
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~ Conclusion '

Externalities are the classic answer to the “when” question of public
* finance: when one party’s actions affect another party, and the first party
- doesn’t fully compensate (o1 get compensated by) the other for this effect,
then the market has failed and government intervention is potentially justi-
- fied. In some cases, the market is likely to find a Coasian solution whereby
negotiations between the affected parties lead to the “internalization” of the
externality. For many cases, however, only government intervention can
. solve the market failure.

This point naturally leads to the “how” guestion of public finance.
There are two classes of tools in the government’s arsenal for dealing with
externalities: price-based measures (taxes and subsidies) and quantity-based
measures {regulation). Which of these methods will lead to the most effi-
ciens regulatory outcome depends on factors such as the heterogeneity of
the firms being regulated, the flexibility embedded in quantity regulation,
and the uncertainty over the costs of externality reduction. In the next
chapter, we take these somewhat abstract principles and apply them to
some of the most important externalities facing the United States (and the
wortd) today.

pHIGHLIGHTS : F—
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# FExternalities arise whenever the actions of one

# When firms have different marginal costs of pollu-

party make another party worse or better off, yet
the first party neither bears the costs nor receives
the benefits of doing so.

Negative externalities cause overproduction of the
good in a competitive market, while positive exter-
nalities cause underproduction of the goed in a
competitive market, in both cases leading to a dead-
weight loss,

Private markets may be able to “internalize” the
problems of externalities through negotiation, but
this Coasian process faces many barriers that make
it an unlikely solution to global externalities, such as
mast environmental externalities,

The government can use either price {tax or sub-
sidy) or quantity {regulation) approaches to address-
ing externalities.

tion reduction, price mechanisms are a more effi-
cient means of accomplishing environmental goals
unless guantity regulation is accompanied by the

,2bility to meet regulatory targets by trading pollu-

tion permits across polluters.

If there is uncertainty about the marginal costs of
pollution reduction, then the relative merits of
price and quantity regulations will depend on the
steepness of the marginal benefit curve. Quantity
regulation gets the amount of pollution reduction
right, regardless of cost, and so is more appropriate
when marginal benefits are steep; price regulation
through taxation gets the costs of pollation reduc-
tion right, regardless of quantity, s¢ it is more
appropriate when marginal benefits are flac.
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» QUESTIONS AND PROBLEMS

1. Peterson, Hoffer, and Millner (1995) showed that
air bag use has led to increases in car crashes.
Despite this finding, the government mandates
that new cars have air bags, rather than taxing
their use. Is this palicy a contradiction?

2. When the state of Virginia imposed stricter regu-
lations on air pollution in 2003, it also authorized
an auction of pollution permits, allowing some
plants to emit larger amounts of ozone-depleting
chemicals than would otherwise be allowed, and
some to emit less. Theory predicts that this auc-
tion led to a socially efficient allocation of pollu-
tion. Describe how this outcome would oceur.

3. Can an activity generate both positive and nega-
tive externalities at the same tme? Explain your
answet.

4. In the midwestern United States, where winds
tend to blow from west to east, states tend to more
easily approve new polluting industries near their
eastern borders than in other parts of the state.
Why do you think this is true?

8. Can government assignment and enforcement of
property rights internalize an externality? Will
this approach work as well as, better than, or
worse than direct government intervention?
Explain your answers and describe one of the dif-
ficulties associated with this solution,

6. In close congressional votes, many members of
Congress choose to remain “undecided” until the
Jast moment. Why might they do this? What les-
son does this example teach about a potential
shortcoming of the Coasian solution to the exter-
nality problem?

7. Suppose that a firm’s marginal production costs
are given by MC = 10 + 3Q. The firm’s produc-
tion process generates a toxic waste, which impos-
es an increasingly large cost on the residents of

10.

the town where it operates: the marginal external
cost associated with the Qth unit of production i
given by 6Q. What is the marginal private cost
associated with the 10¢h unit produced? What is
the total marginal cost to society associated with
producing the 10th unit (the marginal social cost
of the 10th unit)?

In two-car automobile accidents, passengers in
the larger vehicle are significantly more likely to
survive than are passengers in the smaller vehicle.
In fact, death probabilities are decreasing in the
size of the vehicle you are driving, and death
probabilities are increasing in the size of the vehi-
cle you collide with. Some politicians and lobby-
ists have argued that this provides a rationale for
encouraging the sale of larger vehicles and dis-
couraging legislation that would nduce automo-
bile manufacturers to make smaller cars. Critically

examine this argument using the concept of 4P .
externalities. sup]

. Why do governments sometimes impose quantity PproK
regulations that limit the level of negative-.’ this
externality-inducing consumption? Why do gov- socl
ernments sometimes impose price regulations by assC
taxing this consumption? Thi
Answer the following two questions for each of cle:
the following examples: (i) smoking by individu- ass(
als; {ii) toxic waste production by firms; (iii) Q-
research and development by a high-tech firm; a
and (iv) individual vaccination against communi-

cable illness. b.

a. Is there an externality? If so, describe it,

«+ includipe references to whether it is pasitive o1
negative, and whether it is 2 consumption or
production externality.

b. If there is an externality, does it seem likely - T
that private markets will arise that allow this to
externality to be internalized? Why or why cot
not? ' 20

po-
gir
— £
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Warrenia has two regions. In Oliviland, the mar-
ginal benefit associated with pollution cleanup is
MB = 300 - 10Q, while in Linneland, the mar-
ginal benefit associated with pollution cleanup is
MB = 200 — 4Q. Suppose that the marginal cost
of cleanup is constant at $12 per unit. What is the
optimal level of pollution cleanup in each of the
two regions?

The private marginal benefit associated with a
product’s consumption is PMB = 360 — 4Q) and
the private marginal cost associated with its pro-
duction is PMC = 6P. Furthermore, the marginal
external damage associated with this good’s pro-
duction is MD = 2P. To correct the externality,
the government decides to impose a tax of T per
unit sold. What tax T should it set to achieve the
social optimum?

Suppose that demand for a product is Q = 1200 -
4P and supply is Q = -200 + 2P. Furthermore,
suppose that the marginal external damage of this
product is $8 per unit. How many more units of
this product will the free market produce than is
socially optimal? Calculate the deadweight loss
associated with the exvernality.

The marginal damage averted from pollution
cleanup is MD = 200 - 5Q. The marginal cost
associated with pollution cleanup is MC = 10 +

a. What is the optimal level of pollution reduc-
tion?

b. Show that this level of pollution reduction
could be accomplished through taxation. What
tax per unit would generate the optimal
amount of pollution reduction?

Two firms are ordered by the federal government

to reduce their pollution levels. Firm A’s marginal

costs associated with pollution reduction is MC =

20 + 4Q. Firm B's marginal costs associated with

pollution reduction is MC = 10 + 8Q. The mar-

ginal benefit of pollution reduction is MB = 400

-4Q.

a. What is the socially optimal level of each firm’s
pollution reduction?

b. Compare the social efficiency of three possible
outcomes; (1) require ail firms to reduce pollu-

16.

17.

g

Fuke

tion by the same amount; (2) charge a com-
mon tax per unit of pollution; or (3) require alt
firms to reduce pollution by the same amount,
but allow pollution permits to be bought and
sold.

One hundred commuters need to use a strip of
highway to get to work. They all drive alone and
prefer to drive in big cars—it gives them more
prestige and makes them feel safer. Bigger cars
cost more per mile to operate, however, since
their gas mileage is lower. Worse yet, bigger cars
cause greater permanent damage to roads.

The weight of the car is w. Suppose that the
benefits from driving are 4w, while the costs are
3/2 % w® The damage to roads is 1/3 x w’.
Assume that individuals have utility functions of
the form UJ = x, where x are the net benefits from
driving a car of a given size.

a. What car weight will be chosen by drivers?

b. What is the optimal car weight? If this differs
from (a), why does it?

¢. Can you design a toll system that causes drivers
to choose the optimal car weight? If so, then
how would such a system work?

Firms A and B each produce 80 units of pollution.
The federal government wants to reduce pollu-
tion levels. The marginal costs associated with
pollution reduction are MC?'= 50 + 3Q* for
firm A and MC® = 20 + 6G® for firm B, where
Q* and QF are the quantities of pollution reduced
by each firm. Society’s marginal benefit from pol-
lution reduction is given by MB = 590 — 3Q",
where Q™ is the total reduction in pollution.

a. What is the socially optimal level of each fiem’s
pollution reduction?

b. How much total pollution is there in the social
optimum?

¢. Explain why it is inefficient to give each firm
an equal number of pollution permits (if they
are not allowed to trade them).

d. Explain how the social optimum c<an be
achieved if firms are given equal numbers of
pollution permits but are allowed to trade
them.

e. Can the social optimum be achieved using a
tax on pollution?
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Externalities in Action:
Environmental and Health
Externalities

or many years, Caldwell Pond in Alstead, New Hampshire, had been

one of the state’s best trout ponds, yielding brook trout that weighed

upward of two pounds. By 1980, something had changed. That spring,
the New Hampshire Fish and Game Deparument stocked the 28-acre pond
with young fish, known as fingerling trout. Shortly afterward, visitors to the
pond began seeing dead fish all over the pond’s bottomn.

What happened? Tests of the pond water uncovered the culprit: a rapid rise
in the acidity of the water. Acidity is measured on a pH scale, where 7.0 15
neutral and 3.0 is the acidity of vinegar. In 1948, the lake had a pH of 5.8 to
6.2; the 1980 samples of pond water had a pH of 4.2 to 4.7. The lake was over
30 times more acidic than it had been 30 years earlier.’ The cause of this
increased acidity was the phenomenon known as acid rain.

The primary causes of acid rain are clear. When sulfur dioxide (SO5) and
nitrogen oxides (NOy) are released into the atmosphere, they combine with
hydrogen to form sulfuric and nitric acids respectively. These acids (in liquid
or solid form, also known as particulates) may fall back to the earth hundreds of
miles away from their original source, in a process called acid deposition, more
popularly known as acid rain. The ma_]orlry of acid rain in North America 13
created by SO, emissions, two- thirds of“which come from coal-fired power
plants, which are heavily concentrated in the Ohio RiverValley.?

Acid rain is a classic negative production externality. As a by-product of
their production, power plants in the Midwest damage the quality of life along
the east coast of the United States. Private-sector {Coasian) solutions are
unavailable because of the problems noted in the previous chapter, such as
negotiation difficulties with hundreds of polluters and millions of affected
individuals. Thus, government intervention is required to address this exter-
nality. In fact, the government has intervened to reduce acid rain for over 30
years, The story of this intervention and the effects it has had on the environ-

! Bryant (1980).
2 Ellerman er al, (20003, p. 5.
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ment, on health, and on the economy provides an excellent example of the
possibilities and limitations of government policy toward the environment.

In this chapter, we put the theoretical tools developed in Chapter 5 to use
in examining several examples of environmental and health externalities. In
particular, the United States’ experience with acid rain regulation highlights
the enormous value of a tool introduced in the previous chapter: emissions
trading. Allowing trading within the acid rain regulatory scheme lowered the
costs of these regulations by half or more. This lesson has proved influential in
the debate over global warming, likely the largest environmental issue that the
world will face in the coming century. In this chapter, we discuss initial efforts
to address global warming and the important role that trading can play in
future regulatory interventions.

_We then turn to another major potential source of externalities, health
“externalities, and in particular those caused by cigarette smoking. Health
- behaviors provide an excellent forum for assessing when actions cause, and do
: not cause, externalities on others, as well as for raising the question of whether
:actions an individual takes that harm only that individual should be regulated
“by the government. '

Acid Rain

In Alstead, New Hampshire, acid rain raised the acidity of a popular fishing
pond and killed the trout that lived in it. Indeed, acid rain is the primary
cause of acidity in lakes and streams in the United States, and it causes a cas-
-cade of effects that harm or kill individual fish, reduce fish populations, com-
“pletely eliminate fish species, and decrease biodiversicy. By 1989, over 650 ULS.
«lakes, which once supported a variety of fish species, were now too acidic to
support anything but acid-tolerant largemouth bass.”

. The Damage of Acid Rain
- Raising the acidity of lakes and other bodies of wager is jusgone way in which
. acid rain affects the environment. Acid rain causes damage in a variety of other

" ways as well:?

» Forest erosion: Acid rain causes slower growth, and injury and death in a
variety of trees, and it has been implicated in forest and soil degradation
in many areas of the eastern United States, particularly in the high-
elevation forests of the Appalachian Mountains from Maine to
Georgia.’

" ¥Interestingly, fishing may seem temporarily good in these acid-damaged lakes because the fish are starving
and therefore bite more!) as their food supply dies off.

Acid rain information comes from the EPA’s Web site at http://www.epa.gov.

- 2 Acid rain does not usually kill trees directly. It is mote likely to weaken trees by damaging their leaves, im-
“siting the nutrients available to them, exposing them to toxic substances slowly released from the soil, and
weakening their resistance against insects.
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1979 Clean Air Act Land-
mark federal \egislation that
first regulated acid rain-causing
emissions by setting maxirnum
standards for atmospheric con-
centrations of various sub-
stances, including SO».
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» Damage to property; Evaporation of acidic droplets from car surfaces
causes irreparable damage to certain cars’ paint jobs, forcing repainting
to repair the problem, or requiring the use of acid-resistant paints. Acid
ain also concributes to the corrosion of metals (such as bronze) and the
deterioration of paint and stone (such as marble and limestone). In
1985, the government estimated the cost of acid rain—related damage to
property at $5 billion per year.

» Reduced visibility: Sulfates and nitrates that form in the atmosphere make
it hard for us to see as far or as clearly through the air. Sulfate particles
account for 50 to 70% of the visibility reduction in the eastern part of
the United States, a reduction that affects people’s enjoyment of nation-
al parks such as the Shenandoah and the Great Smoky Mountains
National Parks. Reductions in acid rain through the government pro-
grams described later in this chapter are expected to improve the visual
range in the eastern United States by 30% in the long run.

» Adverse health outcomes: The harm to people from acid rain is not direct.
Walking in acid rain, or even swimming in an acid lake, is no more dan-
gerous than walking or swimming in clean water. However, the sulfur
dioxide and nitrogen oxides that cause acid rain interact with the _
atmosphere to form fine particulates that can be inhaled deep into peo-
ple’s lungs. Fine particulates can also penetrate indoors. Many scientific
studics have identified a relationship between clevated levels of fine par-
ticulates and increased illness and premature death from heart and lung
disorders such as asthma and bronchitis, When fully implemented by the
year 2010, the public health benefits of the Acid Rain Program are esti-
mated to be valued at $50 billion annually, due to decreased mortality,
hospital admissions, and emergency room visits.

History of Acid Rain Regulation
Regulation of the emissions that cause acid rain began with the 1970 Clean .
Air Act, which set maximum standards for atmospheric concentrations of
various substances, including SQp. The agt set New Source Performance Stan-
dards (NSPS) for any new coal-fired power plant, forcing any new plant to
reduce emissions in one of two ways: either by switching to coal with a lower
sulfur content, or by installing scrubbers, which are devices that remove a large
portion of pollutants from the plant’s exhaust fumes. In terms of the theory of
government policy discussed in the previous chapter, the government chose a
regulatory (quantity) approach over a tax (price) approach for dealing with

this environmental problem.
Total emissions of SO declined by the early 1980s, but some new concerns
arose that motivated additional attention to the emissions issue. Most impor-

a measure of
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tantly, the vast majority of emissions came from older plants that were not . emi'izzzhr;
subject to the NSPS. By mandating NSPS only for new plants, the 1970 act be given onl
ave utilities in i irti - - his emission:
g great incentive to run older, dirtier plants for longer than policy 7 Perciasepe
¥ McCarchy

makers had predicted (i.e., longer than the plants’ natural “lifetimes”). More-




“over, an additional requirement put in place in 1977 that all new plants have
scrubbers increased the expense of building new plants and thus further
encouraged the upkeep of older plants. These problems are excellent examples
of the hazards of partial policy reform. By mandating regulations only for new
plants, the government opened a major loophole in the law that encouraged
firms to extend the use of outdated, more highly polluting older plants, thus
_undercutting the effectiveness of the law.
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- The 1990 Amendments and Emissions Trading In 1990, a series of amend-
- ments to the Clean Air Act were passed, most notably a regulation that man-
“dated a reduction of more than 50% in the level of SO, emissions nationwide,
and included all plants, even older ones. A key feature of the amendment was
~that it established an SO, allowance system that granted plants permits to
‘emit SO, in limited quantities, based on their historical fuel utilization.®
. Plants were allowed to buy, sell, and save (for future years) these allowances.
Plants that found it very costly to reduce emissions could try to purchase

» make
icles
rtof
ation-

;
pro-
visual

direct. *allowances from other plants that could more easily reduce emissions below
re dan- “their allowance level. The allowance market was supposed to increase the
ulfur ost-effectiveness of the plan by encouraging utilities to exploit the differ-

nees in the cost of reducing emissions (something discussed theoretically in
Chapter 5). Older plants, for which reductions were most expensive, could

v

‘0 peo-
en?iﬁc buy allowances from newer plants, for which reductions were cheaper. Heed-
ine par- ng the advice of economists on the benefits of trading, the market for permits
dlung involved very few restrictions: trading could occur anywhere within the
d by the nation, no review or approval of trades was required, anyone (plants, brokerage
jre esti- firms, and so on) could trade, and the frequency and mechanism of trading
rtality, were unlimited.

This amendment drew strong opposition from two different sources. On
the one hand, the sizeable SO, restrictions were criticized on economic
grounds by the utilities and coal miners, particularly those in eastern states
whose coal supplies were high in sulfur content. An industry study in 1989
predicted the cost of fully implementing an acid rain program at $4.1 billion
710 $7.4 billion annually, with a loss of up to 4 million jobs.” On the other
hand, the allowance and trading system was strongly criticized by environ-
mentalists. Former Minnesota senator Eugene McCar#{}f likened the
dllowance system to the indulgences that church members could buy in the
Middle Ages, which for a price forgave them their sins, calling this a “pollution
bsolution.” McCarthy and other environmentalists opposed these amend-
ments on the grounds that they were creating a “market for vice and virtue.”
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For example, let's say Brian runs a power plant that in 1987 burned 10 billion Brus™ (British thermal units,
‘measure of energy) worth of coal and emitted 15 tons of SO; into the atmosphere. This works out to an
ginissions rare of 3 pounds of SO, per million Beus, which means Brian runs a very dirty plant. Starting in
000, each year the EPA would grant Brian only enough emission allowances to ler him potluce as if his
emissions rate in 1987 had been a2 much lower 1.2 pounds of SOy per million Brus, In this case, he would
e given only six allowances, one for each ton he is now allowed to emit. Brian would thus have to reduce
s emissions drastically (by 60%, from 15 to 6) or buy allowances from another power plant.

“Perciasepe (1999).

 McCarthy {1990).
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EMPIRTCAL EVIDENCE. ;

ESTIMATING THE ADVERSE HEALTH EFFECTS OF PARTICULATES

The estimates of the health costs of particulates come from a
large empirical literature on pollution and health outcomes.
The typical approach taken in this titerature is to retate adult
mortality in a geographical area to the level of particulates in
the air in that area. The resuits fram this type of analysis are
suspect, however, due to the key empirical problem highlight-
ed in Chapter 3: the areas with more particulates may differ
from areas with fewer particulates in many other ways, not
just in the amount of particulates in the air. Imagine, for
example, that researchers compared two areas, one with old
plants that emit a lot of particulates, and one with newer
plants that are much cleaner. If the researchers found higher
mortality in the areas with the older dirty plants, they might
attribute this to the effects of particulates on human health.
Suppose, however, that older plants are also less safe places
to work than newer plants. In this case, the higher mortality
in areas with older plants might be due to workplace acci-
dents, not pollution. It is difficult to observe valid treatment
and control groups in a situation like this; you can't just com-
pare dirty areas to cleaner anes because so many other things
cautd differ between them, imparting bias to the estimates.
Chay and Greenstone {2003) addressed this problem in a
recent study, using the regutatory changes induced by the
Clean Air Act of 1970. This act applied differentially to dif-
farent counties in the United States, based on whether they
were above or below a mandated “attainment” of clean air
levels. Counties with emissions above a mandated threshold
(nonattainment counties} were subject to state regulation,

while those with similar emissions, but that fell just below
that threshold, were not. In the nonattainment counties,
this regulation led to a very large reduction in emissions
(measured as total suspended particuiates, TSPs) as shawn
in Figure 6-1. This figure shows T5Ps over time for counties
above and below the mandated threshold. For areas with
TSPs below the mandated threshold, there was only a slight
reduction in TSPs over time, from just above 60 to just

below 60 micrograms per cubic meter. For areas above the
mandated threshotd (those areas that were subject to this .

regulation), there was a very large reduction in emissions
after the legislation became effective in 1971, from over
100 to 80 micrograms per cubic meter.

Applying a term we learned in Chapter 3, we have an

excellent quasi-experiment here. The treatment group is
those areas that were in nanattainment, for which TSPs fell .
dramatically. The contral group is those areas that were in |

attainment, for which there was little change in TSPs.
These groups were similar beforehand, and should be sub-
ject to similar changes over time other than the regutatory

intervention. Thus, the only change in nonattainment areas
relative to attainment areas is the intervention itself, so .
that any effect on health represents a causal impact of reg- :
ulation. Chay and Greenstone make this comparisan by -

examining a clear indicator of bad health, the infant mor-

tatity rate (the share of newbarns who die before their first '

birthday). Infants can develop severe and potentially fatal
respiratary problems from particulates in the air.

In fact, the costs of these reg}llation%{%ave been much lower than predicted
due to the benefits of permit trading.

Sy . .
ariiel Ellerman, an expert on acid rain

interest a
ment reg
judged tt

regulations, estimates that the trading program lowered costs by more than
half over the 1995-2007 period, from $35 billion to $15 billion.” A wider
range of studies finds that the trading program has lowered estimated costs
between 33% and 67%.%°

The Clean Air Act amendments have shown that trading has worked, as
economists suggested it would, to greatly improve the efficiency of regulation.
Based on this success, trading regimes have gained in popularity in the envi-
ronmental community in the United States and to a lesser extent around the
world. Environmentalists have realized that more efficient regulation is in their
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? Ellerman et al. (2000), Table 10.5.
10 Ellerman et al. (20003, p. 296.
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“Trends in Emissions in.
Counties That:Were and -
Were Not Subject to the -

Clean Air Act»
In the set of counties that
had low levels of total ‘sus-

Chay and Greenstone’s findings are striking: infant mor- infant mortality rate. This estimate implies that 1,300 fewer

H

pended particuiates (TSPs) :

before the CAA (attamment
areas), there was IlttIe B
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that were subject to the
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tions (nonattainment .
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1t below
ounties, tality declined substantially in areas with regulation- infants died in 1972 as a result of the Clean Air Act of 1970,
nissions induced reductions in emissions, relative to areas where confirming in a much more convircing manner the high
s shown emissions were not mandated to fall, They found that each  health costs of emissions and the benefits of regulation.
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predicted . nterest as well, as it reduces the economic opposumn to increased govern-
1 acid rain ment regulation. According to Ellerman (2000, p. 4), “Most Sbservers quickly
vore than’ fdged the program to be a great success. . . . In less than a decade, emissions

ﬁrading has gone from being a pariah among policy makers to being a star—
verybody’s favorite way to deal with pollution problems.”

@ A wider
1ated costs

worked, as Has the Clean Air Act Been a Success?
regulation.

1 the envi-
around the
n is in their.

Economuists are best at laying out the costs and benefits of alternative interven-
ions and leaving it to others to decide if those interventions can be called suc-
essful or not. Clearly, the Clean Air Act, particularly after the 1990
smendments, has a lot to recommend it. However, it is much harder to deter-
mine whether the net economic costs from this program are smaller than its
enefits. The set of regulations imposed by this program were clearly costly:
Greenstone (2002) estimates that in its first 15 years, the Clean Air Act cost




greenhouse effect The

process by which gases in the
earth's atmosphere refiect heat
from the sun back to the earth.
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almost 600,000 jobs and $75 billion in output in pollution-intensive industries.
At the same time, these regulations were clearly beneficial in terms of lowering
the costs of particulate emissions, particularly in terms of health improvements.
The trick is to put all of these observations together into a definite conclusion.
(We will discuss how economists approach this problem in Chapter 8.) In one
attempt to reach such a conclusion, Burtraw et al. (1997) estimate that the

health benefits alone from reducing emissions exceed by seven times the cost
of reduction, once this lower-cost trading regime was in place.

Global Warming l

“Centlemen, it time we gave some serious thought
to the effects of global warming.”

he environmental externality that could potentially cause the most harm
Tto humans is global warming. The earth is heated by solar radiation that
passes through our atmosphere and warms the earth’s surface. The garth radi-
ates some of the heat back into space, but a large portion is trapped by certain
gases in the earth’s atmosphere, like carbon dioxide and methane, which
reflect the heat back toward the earth again, This phenomenon is called the
greenhouse effect because a greenhouse works by letting in sunlight and
trapping the heat produced from that light. The greenhouse effect is essential
to life: without it, the earth would be about 60 degrees cooler, and life as we
know it would end."’

The problem is that human activity has been increasing the atmospheric con-
centration of greenhouse gases such as carbon dioxide and methane, and thus the
magnitude of the greenhouse effect has risen. Since the industrial revolution, for
example, the amount of carbon dioxide in the
atmosphere has increased by about a third, to
800 billion metric tons of carbon—its highest
level in 400,000 vears (amounts of carbon
dioxide are measured by what the carbon
alone would weigh if in solid form, sort of like
a chunk of coal). Most of this carbon dioxide

[

coal, oil, and natural gas. By our use of fossil
fuels, humans have contributed to the warm-
ing of the earth’s atrnosphere as reflected in the

1 degree Fahrenheit over the past 30 years, the
most rapid increase in at least 1,000 years (see
Figure 5-1, p. 121}. Global snow cover has
declined by 10% since the 1960s, and global
sea levels have risen by one-third to two-thirds
of a foat over the last century.

© The New Yorker Collection 1999 Mick Slevens from cartoonbank.com. Alt Rights Reserved.,

1 Congressional Budget Office (2003a).
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astries. More worrisome are projections for the next century that temperatures
wering - will increase by as much as 6 to 10 degrees Fahrenheit, a rate without prece-
ments, dent in the last 10,000 years.'® A temperature rise of 6 degrees would lower
lusion. global GDP in 2100 by over 10%, with India, Africa, and Western Europe see-
In one ing reductions of more than 15%.'* As noted in the previous chapter, the
1at the global sea level could rise by almost three feet, increasing risks of flooding and
he cost submersion of low-lying coastal areas. Perhaps the most vivid short-run illus-
tration of the damages of global warming was the destruction of the Ward
Hunt ice shelf. This ice shelf was 80 feet thick and three times the size of
. Boston, making it the largest ice shelf in the Arctic, but in the summer of
2003, it split into two large pieces and many small islands, an event labeled
' : “unprecedented” by scientists. Unprecedented, but perhaps not surprising:
temperatures have been rising by 1 degree Fahrenheit per decade in the Arc-
st harm ic, and the thickness of this ice shelf had decreased by half since 1980.1*
ion that ~ Figure 6-2 shows how much carbon dioxide the most polluting nations emit
th radi- “anmually by burning fossil fuels, the main source of greenhouse gas emissions. (In
- certain
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years (See . Source: Energy Infarmation Administration (2005), Table K1.
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» = International Panel on Climate Change (2001).

-3 Nordhaus and Boyer (2000), Figure 4.4. The damage to [ndia and Africa will come through the impact

f global warming on hurman health, as 2 number of tropical diseases will be able to spread beyond their i
rrent boundaries, India’s agricaltural outpue will also likely soffer significant harm, as increased monsoon i

civity reduces output. Western Europe’s agriculeure and quality of life will Lkely saffer from drastic cool-

ig that will occur because of changing orean currents due to global warming,

* Revkin (2003).
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the natu

the United States today, for example, fossil fuels account for about 85% of all the
‘hations s

energy used.) The United States is currently responsible for nearly 25% of the
planet’s annual carbon dioxide emissions from fossil fuels, while Japan con-
tributes only 5% of annual emissions. Developing countries like China and India
also emit large quantities of greenhouse gases, but this is a relatively recent phe-
nomenon, If we add up such emissions over the course of the twentieth centu-
ry, we find that although developed nations have only 20% of the world’s
population, they are responsible for 80% of the total greenhouse gas emissions
from fossil fuels.

Despite this unequal role in producing emissions, global warming s truly a
global problem. Carbon emissions in Boston and Bangkok have the same
effect on the global environment. Moreover, it is the stock of carbon dioxide
in the air, not the level of vearly emissions, that causes warming. Global warm-
ing is therefore not a problem that can be immediately solved by cutting back
on carbon use. Even if all nations ended their use of all fossil fuels today, it
would take centuries to undo the damage done by the industrialization of the
developed world. Thus, global warming is a complicated externality that '
involves many nations and many generations of emitters.

The Kyoto Treaty
[nternational conferences to address the problem of global warming began in_
1988. The peak of activity was a 1997 meeting in Kyoto, Japan, which was
attended by over 170 nations. At that meeting, after intense negotiation, the 38
industrialized nations agreed to begin to combat global warming by reducing
their emissions of greenhouse gases to 5% below 1990 levels by the year
2010.1% These goals were written Into a treaty that has since been ratified by
35 of the 38 signatory countries, and that went into effect in early 2005. A
notable omission from the ratification list is the United States, which has
shown 1o interest in signing on to this level of ernissions reduction. Given the
growth in the U.S. economy since the Kyoto treaty was signed, a reduction to
796 below 1990 levels would imply reducing projected emissions in 2010 by
roughly 30%.16 Nordhaus and Boyer (2000, Table 8.6) estimate that achieving |
the Kyoto targets would imply 2 presaitte, discounted value cost to the United |
States of $1.1 trillion (more than twice what the government spends on its + ‘million
largest program, Social Security, each year). By these authors’ estimates, the - :
United States would bear over 90% of the total world cost of meeting the
Kyoto targets, even though it contributes only 25% of annual greenhouse gas
emissions. The United States’ share of the costs 15 s0 high because its emissions
are forecast to grow so rapidly, and because its emissions are very costly to
reduce due to continued reliance on coal-fired power plants (as opposed to

15 This i an average that reflects a comproniise among that set of nations; the United States, for example,
agreed to reduce to 7% below 1990 levels. Alsa, the deadline is not exactly 2010: émissions must be reduced
10 that level on average over the 2008 to 2012 period.

1% Berimate from United Nations Environment Programme at hiep:/ /www.grida.no.




£all the the natural gas or nuclear-powered plants more frequently used in other
y of the . nations such as Japan, which produce much lower levels of greenhouse gases).
n con- '

d India Can Trading Make Kyoto More Cost-Effective?

nt phe- “The cost figures just presented are enormous, and one can understand the
| centu- reluctance of the United States to enter such a potentially costly agreement.
nv;::ii:. But these estimates ignore a key feature negotiated into the Kyoto treaty,

‘largely at the behest of the United States: international emissions trading.
.Under the Kyoto treaty, the industrialized signatories are allowed to trade

s truly a _emissions rights among themselves, as long as the total emissions goals are
le same met. That is, if the United States wanted to reduce its emissions to only 1990
dioxide levels, rather than to 7% below 1990 levels, it could do so by buying emissions
Iwarm- permits from another nation and using them to cover the reduction shortfall.
ng bac_k ~ This is an important aspect of the treaty because there are tremendous dif-
tOdaV’hlt ferences across developed nations in the costs of meeting these goals, for two
;Iilt\?ftthai ‘reasons. First, there are large differences in the rate of growth since 1990: the

Jack of economic (and thus emissions) growth in the 1990s in Russia, for
example, implies that it will not be very costly for Russia to return to 1990
missions levels. Second, growth has been more “environmentally conscious”
‘I some nations than in others, so economic growth has not been as much

began in ccompanied by emissions growth in nations such as Japan that use more gas
hich was and nuclear-powered production. Thus, much as with our two-firm example
m, the 38 in Chapter 5, the total costs of emissions reductions can be reduced if we
reducing allow countries with low costs of reduction, such as Russia, to trade with
the year “¢ountries with high costs of reduction, such as the United States. By some
atified by “estimates, such trading could lower the global costs of reaching the Kyoto tar-
2005, A ‘gets by 75%."7
7hich has - This point is illustrated in Figure 6-3 on page 160. This figure shows the
Given the market for carbon reduction, with millions of metric tons of carbon reduction
uction to “on the x axis. There is a fixed target of carbon reduction in the Kyoto treaty
1 2010 by for the United States at 7% below 1990 levels, a reduction of 440 million met-
achieving - ric tons. The total worldwide mandated reduction under Kyoto is 630 million
1e United metric tons, so that the rest of the world has to achigve a nqhgc?duction of 190
nds on its ‘million metric tons.
mates, the With no trading, shown in panel (a), nations would have to meet this target
seting the from their own supply of reduction opportunities. The reductiop opportuni-
\house gas ties in the United States are represented by the supply curve SYS. This curve
.emissions slopes upward because initial reduction opportunities are low cost: for exam-
r costly to ple, plants that are close to energy efficient can be fitted with relatively cheap
pposed to changes to become energy efficient. Costs rise as reduction increases, howev-

er: additional reductions may require replacing energy-inefficient but perfect-
Jy functional plants with newer ones at great cost.

s, for example,
ust be reduced

" Nordhaus and Boyer {2000}, Table 8.5.
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international emissions
trading Under the Kyoto
treaty, the industrialized signa-
tories are allowed to trade emis-
sions rights amaong themselves,
as long as the total emissicns
goals are met.
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.that cost1

‘m _FIGU'RE _6-

Price of . The Benefits-of Trading * The supply '
pe:el?“;ﬁg';o . - curve of reductions for the United _StateS_- ;
¢ of carbon © (8YS)is much steeper than that for:the

£210 . yest of the world (S, If the United: _

{  States has to do.all of its reductions by -
itself (panel a), it costs $210 per ton of.
reduction. In that case, the __United States
reduces by 440 million metric-tons
{mmt) and the rest of the world reduces.
by 190 mmt. If the United States and '
other nations can trade (panel b), then
the relevant supply curveis ST.-In that
case, the price per ton falls 10°$50; with
the rest of the world reducing by 590

' mmt and the United States reducing by = .
Carbon reduction | onfy 40 ramt. SN
(millions of metric tons) ;

Price of
reduction
per metric ton
of carbon

530 630 Carbon reduction
[millions of metric tons)

<

4 "2:25" ;
In this no-trading world, the marginal cost of achieving the Kyoto target of
1 reduction of 440 million metric tons (as measured by the SY5 curve) is $210

per metric ton of carbon. For ease, we combine the rest of the world into one “costs of 1
group with reduction opportunities represented by SR in panel (a) of Figure ~without
6-3. The SR curve lies far below SUS, indicating that these nations have much - Thed
lower marginal cost reduction opportunities. For those nations to reduce by .er. They
190 million metric tons would cost them only $20 per metric ton of carbon. result of
Now suppose that the United States can buy permits from Russia and Why, the
other nations. In panel (b) of Figure 6-3, we can measure the aggregate supply ‘clean up
~This con

curve to the world market by horizontally summing the two supply curves SR
and SYS to obtain the aggregate supply curve ST, The cost of the worldwide
required level of reduction of 630 million metric tons is $50 per ton, given T Nordha
this supply curve. This means that, with international trading, any reductions 1% Nordhau




that cost more than $50 per ton can be offset by purchasing permits instead. At
that price, the United States would choose to reduce its own emissions by 40
million metric tons (since any additional reduction costs more than the $50

!Jpply' price per permit), and buy the remaining 400 from other nations. Other

States nations would reduce their emissions by 590 millien metric tons, the 190 mil-
the lion required plus the 400 million sold to the United States. The total cost of

meeting the Kyoto target worldwide would now have fallen substantially:

’iboyf “instead of most of the reduction being done at high cost in the United States,
0 s
States it would now be done at low cost elsewhere.

5 That is, by distributing the reduction from the high-cost United States to

duces the low-cost other nations, we have significantly lowered the price of reduc-
and “tions worldwide. Note that, even though the marginal cost of reduction in
then other nations has risen, this is because they have moved up their supply curve:
éh ?,:ith _thése other nations are happy to supply that higher level of reduction at $50
590 per metric ton (they are deriving substantial producer surplus from that trans-
ng by action since most of their reduction costs much less than $50 per ton). The

importance that U.S. environmental negotiators placed on negotiating this
-trading regime shows the extent to which environmentalists in the United
States have internalized the lessons from the Acid Rain Program about the
- benefits of allowing flexibility in meeting environmental targets. '

Participation of Developing Countries The trading story does not end
with the developed nations of the world, however: by the year 2030, develop-
‘ing nations will produce more than half of the world’s emissions, with China
“and India leading the way.!® As a result, an agreement that does not ultimately
include developing nations is doomed to failure as a mechanism for addressing
global warming,
* Moreover, including developing nations in such a plan adds flexibility and
owers the costs of meeting emission reduction targets. The cost of reducing
missions in developing countries is an order of magnitude lower than in the
eveloped world. This is because it is much cheaper to use fuel efficiently as
ou develop an industrial base than it is to “retrofit” an existing industrial base
o use fuel efficiently. By some estimates, if we had an international trading
ystem that included developing nations, the cost to the developed world of
omplying with the Kyoto treaty would fall by ancther falthr of four." That
, with both international trading and developing country participation, the
osts of meeting the Kyoto targets would be only one-sixteenth of their costs
without these “flexibilities.”

The developing nations wanted no part of this argument at Kyoto, howev-
r. They pointed out, rightly, that the problem that the world faces today is the

o target of .
re) is $210
d into one
of Figure
rave much

ce b
;zlrrbon.y esult of environmentally insensitive growth by the set of developed nations.
Lussia and Why, they ask, should they be forced to be environmentally conscious and
sate supply clean up the mess that the United States and other nations have left behind?
, curves SR This conflict must be resolved for an effective solution to this global problem.
worldwide -
ton, given % Norghaus and Boyer (2000), Figure 7.7.

reductions ? Nordhaus and Boyer (2000), Table 8.5.
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Ultimately, obtaining the participation of developing nations will likely
involve some significant international transfers of resources from the devel-
oped to the developing world as compensation.

What Does the Future Hold?
The Kyoto treaty of 1997 was the most significant effort made to address the
global externality of greenhotise gas emissions. Developments since that time,
in particular the decision of the United States to reject the Kyoto treaty, do
not bode well for short-term agreement on how to combat the problem of
global warming.. Does this mean that international cooperation to combat
global warming is impossible? Recent evidence, reviewed in the application,
suggests that the nations of the world can come together to combat a global
environmental threat, but only when that threat is urgent.

An important question for future global warming debates is whether the
international community should continue with Kyoto’s quantity-based policy
or move toward a price-based policy that would include internationally coor-

dinated taxes on carbon usage, as advocated, for example, by Nordhaus (2006). .

The uncertainty model presented in Chapter 5 clearly suggests that taxation
would dominate regulation (even with trading) in this context. This is because
the benefits of emission reduction are related to the existing stock of green-
house gases in the atmosphere, so that the marginal benefits of any given emis-
sion reduction are constant: given the enormous boulder that must be moved
to stop global warming, each additional person pushing on the boulder has a
fairly constant effect. On the other hand, the miarginal costs of emissions

reduction are both uncertain and not constant across nations; for some coun- -

tries reduction is low cost, while for others its expensive. As we learned in
Chapter 5, in such a situation (that is, one with uncertain and varying margin-
al costs, with flat marginal benefits) taxation dominates regulation, because
regulation can lead to excessive deadweight loss when emissions reduction
gets very expensive. Price and quantity approaches could even be combined in
the future by pairing the quantity goals with a “safety valve” rule that allows
countries to reduce their required emission reductions if the cost gets too
high, so that there is a price ceilipg on quantity restrictions.

| APPLICATION

The Montreal Protocol

An excellent example of international cooperation is the Montreal Protocol
of 1987, which banned the use of chlorofluorocarbons (CFCs). CFCs were a
popular chemical used in many facets of everyday life, including refrigerators,
air conditioners, and spray cans. Their popularity partly derived from their
very long life, but this longevity also led to a major environmental problem:
CFCs were drifiing into our stratosphere, and in the process of decaying were
breaking down the ozone layer, which protects the earth from harmful UV-B
radiation from the sun. As with global warming, this was a potentially enor-
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| likely = mous long-run problem: projections showed that, by 2050, ozone depletion
: devel- would have reached 50-70% in the northern hemisphere, resulting in 19 mil-
lion more cases of non-melanoma skin cancer, 1.5 million cases of melanoma
© cancer, and 130 million more cases of eye cataracts.”

Unlike global warming, the CFC problem was showing itself immediately
and urgently: by the 1980s, a 25 million square kilometer hole had opened in
lrcss- the >’ the ozone layer over Antarctica! This hole spurred the international commu-
lat me, nity to action, and in September 1987, the Montreal Protocol was adopted,
reary, do ; aiming for complete phaseout of specified chemicals (mostly CFCs and
blem of halons) according to specified schedules. This agreement was ratified by 184
f:on_lbat : countries, and worldwide consumption of CFCs dropped from 1.1 mullion
lication, {8 1505 in 1986 to 64,112 tons in 2004.2!

a global " The result is that scientists predict the hole in the ozone layer will be
biggest sometime in the next decade (as long-lived chemicals continue to dif-

ther the fuse upward into the stratosphere) but will then begin to recover and return to

:d policy ‘normal around 2050.

lly coor- Thus, it may take some type of exciting and newsworthy event to spur
& (20Q6). #7 iction on global warming. The problem is that, unlike with CFCs, global
taxation “warming will not be solved for centuries after emissions are greatly reduced.

s because - ; So if the world waits for a crisis to spur us into action, it may be too late. < }
of green- : ,

JeN emis—

ye moved
lder has a -

emissions

The Economics of Smoking

he coun- - Il externalities are not large-scale environmental problems. Some of the
earned. m Arnost important externalities are local and individualized. Many of these
g margin- tise in the arena of personal health, and one of the most interesting is smoking.
L beca}lse . " Cigarette smoking is the single greatest self-imposed health hazard in the
red.uctlo_n United States today. The number of cigarettes smoked has declined substanaally
mbined in ~over the past few decades, as shown in Figure 6-4 (page 164), yet almost one-
hat allows p fifth of Americans still smoke. This is despite the fact that smoking causes more
L gets too han 438,000 deaths each vyear, four times as many as AIDS, motor vehicle acci-

.dents, homicide, and suicide combined. As Figure»6-5 (pagi ;/164) illustrates,
assmokmg is the second-leading cause of death in the United States. # World-
“wide, the problem is even worse. Of all persons alive today, 650 million will die
~of smoking-related disease. By 2020, 10 million persons will die annually from
“smoking-related disease. At that point, smoking will be the leading cause of

1l Prot o-c ol ' death {not just preventable death) throughout the world.2?

=Cs were a

&1gerat0r5’ i - % United Nations Environment Programme {2003},

from their "2 United Narions Environment Programme (2006},

1 problem: 22 Number of smoking-ateributable deaths from Centers for Disease Control and Prevention {2005a}; chart
il pri - _data from CDCP (2006b), Table C. Iu this chart, the share of deaths attributable to cancer, heart disease, and
:aying were ather illnesses excludes the share of illnesses that are smoking-related since those are included in the smok-

R ing category.

[’I.]fu}_ UV-B- B World Health Organization. “Why Is Tobacce a Health Priority?” Accessed last on June 2, 2006, at
tlaﬂy enor- - hetpr/ Awww.who.int/tobacco/health_priority/en/index html.
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@ FIGURE 6-4

Per capita annual
cigarette consumption
3,000
2,500
2,000

1,500

1,000

mFIGURE -85

Respiratory diseases,
flu, pneuronia {4.2%)

Diabetes, jung,
liver, kidney
diseases (5.7%)

Accident,
suicide,
hornicide

(6.3%) Stroke,
Alzheimer's
disease
{8.3%)

Leading Gauses of Death, 2001 » Smoking+elated deaths
represent 18.1% of all deaths, more than other cancers com-
bined and almost as much as other heart diseases.

Source: Centers for Disease Conlrl 2nq Prevention (20052 and 2006a).
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Per Capita Annual Cigarette-? :

Consumption, 19002004 » Effect
Cigarette consumption rase Increaser

steadily throughout the firsthalf
of the twentieth century; flab
tened in the 1960s and-1970s,
and began to decline sharply
after 1980.
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Are these dire facts a cause for regulating:
smoking? Not in the view of traditional micro-
_ economics. In the standard utility maximization -
model, any damage that individuals do to them-
selves from dangerous activities such as smoking
results from a rational choice of trading off bene-
fits against potential costs. The health hazards of .-
: smoking are now well known. The fact that
smokers smoke given these risks, economists say,
reveals their preference for the current pleasure of
smoking over the distant costs of a shorter life.

Doesn'’t this argument ignore the fact that
smoking is highly addictive? After all, leading
expejts on adgiction rate nicotine as more addic-
tive than either caffeine or marijuana, and in some
cases, comparable to cocaine: among users of
cocaine, about half say that the urge to smoke is as
strong as the urge to use cocaine. Doesn’t this
mean that the damage that individuals do to
themselves is a call to government action?

.Once again, the answer from traditional economics is no. As postulated in a
highly influential article by Becker and Murphy (1988), “rational addicts”
understand that each cigarette they smoke today increases their addiction,
leading them to smoke more tomorrow. As a result, when they buy a pack of
cigarettes, they consider not only the cost of that pack but also the cost of all
additional future packs that will now be purchased because their addiction has
deepened. Moreover, the smoker understands that lighting up doesnt just
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wTABLE 6-1
. The Effects of Smoking:
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Externalities or Not?

Effect

Mot an externality if . . .

An externality if . . .

" Wcreased health care costs

"t |ess-productive warkers

. Increased number of fires
Earlier deaths

* . Secondhand smoke effects

Insurance campanies actuarially raise premiums
for smokers.

Employers adjust individuals’ wages according to
productivity.

Smokers set fire only to their own property, requir-
ing no help from the fire department, and insur-
ance companies adjust premiums according to
smoking status.

Smokers do not pay Social Security taxes or
would not incur medical costs later in life.

The effects are minimal or smokers account for
their families’ utility when deciding to smoke.

Many individuals are insured by entities that

spread the heatth costs of smokers among all of
the insured; also, the health costs of the uninsured °
are passed on to others.

Emplayers do not adjust wages according to
individual productivity, so that they must lower

wages for all workers to offset productivity loss.

The fires damage nonsmakers' property, raise the
cost of the local fire department, or raise fire
insurance premiums for all.

Nonsmaokers save money because smokers die too
early to collect full Social Security benefits and
because their deaths reduce the high health costs
near the end of life {a positive externality).

The effects are serious and smokers do not

account for their families’ utility when deciding to
smoke.

Cigarette smoking has a number of physical and financial effects, but in many cases they may not be externalities. The first column of this

third cofumn: discusses the situations under which they are externalities.

" table lists examples of the effects of smoking, The second column discusses the situations under which these are not externalities, and the

reduce health through the current cigarette but through all the future ciga-
rettes that will be consumed as a result of that addiction. If the smoker con-
sumes the cigarette anyway, then this is a rational choice, and does not call for

government intervention,

The Externalities of Smoking

The key public finance implication of the traditional economics approach is
that the appropriate role for government is solely 2 functi?‘ﬁ“of the externalities
that smokers impose on others. Like all other consumption decisions, smoking is -
governed by rational choice. That smokers impose enormous costs on them-
selves is irrelevant to public finance; only the costs smokers impose on others
call for government action. Measuring the externalities from smoking is com-

plicated, however, as we discuss next (and summarize in Table 6-1).

Increased Health Costs from Smoking By one estimate, smoking-related
“disease increases ULS. medical care costs by $75.5 billion, about 8% of the total
cost of health care in the United States.>* This enormous number alone does
-~ not, however, justify government intervention. Suppose that all individuals in
*society had health insurance that they purchased on their own, and that the

* American Cancer Society (2006).




actuarial adjustments
Changes to insurance premiums
that insurance companies make
in order to compensate for
expected expense differences,
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. pensate for this loss. In this case, I have exerted a negative externality on my

price of that health insurance was set by insurance companies as a function of ‘insuranc
smoking status. Insurance companies would compute the extra amount they
expect to spend on the medical care of smokers, and charge smokers a higher
premium to compensate the insurance company for those extra costs. Such
increases In insurance prices to compensate for expected expense differences
are called actuarial adjustments. Actuarial adjustments internalize the medical
cost externality from smoking. In this simplified model, there are no health
externalities because smokers pay for the high medical costs associated with
smoking through actuarial adjustments: society (in this case, the insurance
companies) is fully compensated for the extra costs due to smoking through
these higher premiums.

The external effects of increased health costs due to smoking arise because
the real world deviates from this simplified example in three ways. First, insur-
ance is not always actuarially adjusted for smoking behavior. At MIT, the price
I pay for my group insurance is independent of my smoking behavior. If [
smoke, and have high medical costs, then the insurance company will have to
raise the premiums it charges to everyone at MIT by a small amount to com-

coworkers, which I do not internalize because I do not fully pay the higher
premiums associated with my smoking.

Quick Hint Externalities can be financial as well as physical. My smoking
creates an externality because the social marginal benefit of my consumption of

cigarettés is below my private marginal benefit by the extra amount that my

coworkers have to pay far insurance. I

Second, individuals who receive their insutance from the government do
not pay higher premiums if they smoke. In this case, the negative externalicy
occurs because the medical costs incurred by smokers are borne by all citizens
through higher taxation. Finally, some individuals are uninsured and will not
pay the cost of their medical care. Medical providers will typically make up
these costs by increasing the agount t’}zgy charge to other medical payers,
exerting a negative financial externality on those payers.

Workplace Productivity There are many reasons why smokers may be less
productive in the workplace: they may require more sick leave or more fre-
quent breaks (for smoking) when at work. One study found that smokers
impose $600-$1,100 per year in productivity and absenteeism costs on busi-
nesses, and another found that smokers miss 50% more work days each year
due to illness than do nonsmokers.* Is this a negative externality to the firm?
Once again, the answer is a qualified maybe. In this case, it depends on
whether these workers’ wages adjust to compensate for their lower expected
productivity. That is, actuarial adjustments aren’t necessarily found only in

25 See Manning ec al. (1991), Table 4-11 for absenteeism statistics and p. 139 for a literature review on cost
estimates.
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insurance markets; they may exist in labor markets as well. If wages fall to
compensate the firm for a smoker’s lower productivity, then the firm can
internalize the productivity externalities associated with smoking. If not, these
externalities will not be internalized.

Fires Smokers are much more likely to start fires than nonsmokers, mostly
due to falling asleep with burning cigarettes. In 2000, for example, fires started
. by smokers caused 30,000 deaths and $27 billion in property damage world-
" wide.”® Does this death and destruction represent an externality? If a smoker
lived by himself on a mountain and burned down his house, killing himself,
“but with no damage to any other person, flora, or fauna, then there is no
externality. But, in reality, externalities from such fires abound. There is the
cost of the fire department that combats the fire; the damage that the fire may
do to the property of others; and the increased fire insurance premijums that
everyone must pay unless there is appropriate actuarial adjustment in the fire
insurance market for smoking.

~The “Death Benefit” An interesting twist on the measurement of smoking
. externalities is presented by the positive externalitics for the taxpayer by the
early deaths of smokers. Consider, for example, the Social Security program,
which collects payroll tax payments from workers until they retire, and then
pays benefits from that date until an individual dies. Smokers typically die
around retirement age, so that they do not collect the retirement benefits to
which their tax payments entitled them. In this situation, smokers are exerting
a posttive financial externality on nonsmokers: smokers pay taxes to finance the
retirement benefits but do not live long enough to collect their benefits, leav-
ing the government more money to pay benefits for nonsmokers. Thus,
through the existence of the Social Security program, smokers benefit non-
smokers by dying earlier.

Moreover, the fact that smokers die earlier also offsets many of the medical
- cost effects of smoking. If smokers die at 65, then they won't impose large
nursing home and other medical costs at very advanced ages. These avoided
"medical costs offset much of the additional medical costs from treatment for
cancers and heart disease at younger ages.

Externality Estimates The effects of these fout comp#hents, along with
some other minor negative externalities, make the estimate of the external
- costs of smoking roughly $0.43 per pack in 2005 dollars.?” This figure is
sensitive to many factors, most importantly how one takes into account that
~ the costs are often in the distant future while the benefits of smoking are
current. Nevertheless, by most estimates the external cost of smoking is well
below the average federal plus state cigarette tax in the United States, which
is over $1 per pack. Of course, these estimates leave out another externality
that is potentially important but very difficult to quantify: secondhand
smoke. '

% Leistikow, Martin, and Milano (2000).
¥ Gruber (2001,
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secondhand smoke Tobacco
smoke inhaled by individuals in
the vicinity of smokers.
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What About Secondhand Smoke? The damage done to nonsmokers by
breathing in secondhand cigarette smoke is a classic externality because indi-
viduals do not hold property rights to the air. Without clearly defined proper-
ty rights, complete Coasian solutions to this problem are not available. Yet the
costs of secondhand smoke are not easily added to the list of external costs we
have noted for two reasons. First, there is considerable medical uncertainty
about the damage done by secondhand smoke. As a result, estimates of the
externalities from secondhand smoke vary from $0.01 to $1.16 per pack!?®

Second, most of the damage from secondhand smoke is delivered to the
spouses and children of smokers. If a smoking mother includes the utility of
her family members in her utility function (maximizing family rather than just
individual utility), she will take into account the damage she does to her hus-
band and children by smoking. In this case, in making her choice to smoke,
the smoker has decided that the benefits to her from smoking exceed the
health costs both to herself and to her family members. When the externalicy
is internalized in this way, the cost to other family members from being made
ill must be offset by the large benefit the mother receives from smoking—or
else she wouldn’t smoke. On the other hand, if the smoking mother fails to
fully account for the costs to her family members (fails to maximize family
utility), then some of the damage she does to others will not be internalized,
and should be counted in the externality calculation. Existing evidence sug-
gests that family utility maximization is in fact incomplete, so these second-
hand smoke costs are to some extent externalities.””

Should We Care Only About Externalities, or Do
“Internalities” Matter Also?

The traditional economics approach suggests that the only motivation for
government intervention in the smoking decision is the externalities that
smokers impose on others, since any damage that smokers do to themselves
has been accounted for in the smoking decision. But this model ignores some
key features of the smoking decision that suggest that there may be other
rationales for government intervention. Two such features are particularly
important: the decision by youths to syppke and the inability of adults to quit.
After reviewing these features, we will turn to how they challenge the tradi-
tional view of cigarette taxes based solely on externalities by suggesting that
self-inflicted smoking damage matters for government policy as well.

consum
living i
terms ¢
longer

term de
Youth Smoking Of all adults who smoke, more than 75% begin smoking The:
before their nineteenth birthday, but economics does not yet have a satisfactory The fir
model of the behavior of teenagers {as a matter of fact, neither do parents!).30 individ:

but are

petson
®Visensi (1995), Table 11. rational
2% gee Lundberg, Pollack, and Wales (1997) for striking evidence against family utility maximization. This .
article shows that, in cantrast to the family utility maximization mode] (where everyone cares equally about Just car
al! the family members), shifting the control of household financial resources from husbands to wives signif- ferred :
icantly increases the expenditures made on behalf of children. : 1d
30 I this section on internalities, all smoking facts come from Gruber (20014} unless otherwise noted. For rould ¢
a broader analysis of the economics of risky behavior among youth, see Gruber (2001b). ©years fr




ers by The traditional model of smoking presumes that the decision to initiate this
» indi- addictive behavior 1s made with a fully rational trade-off in mind between cur-
roper- : % rent benefits and future costs. If teens who begin to smoke do not correctly
Yet the e and rationally evaluate this trade-off, then government policy makers might
Is5ts wWe care about the effect of the smoking decision on smokers themselves.

rtainty - Indeed, there is some evidence that this monumental decision may not be
of the made in the forward-looking fashion required by rational addiction models. A
k128 survey asked high school seniors who smoked a pack a day or more whether
to the they would be smoking in five years and then followed the seniors up five
ity of % years later. Among those who had said they would be smoking in five years,
lan just the smoking rate was 72%—but among those who said they would not be
er hus- smoking in five years, the smoking rate was 74%! This result suggests that
smoke, 3 > teens who smoke may not account for the long-run implications of addiction.
.ed the i '
srnalicy
g made

ng—or L
_ , , . : . .
fails to Eight in ten smokers in America express a desire to quit the habit, but

many fewer than that actually do quit,

Adults Are Unable to Quit Smoking Even if They Have a Desire to Do So
Another key fact about smoking is that many adults who smoke would like to
‘quit but are unable to do so. Consider the following facts:

- family
nalized, » According to one study, over 80% of smokers try to quit in a typical
ce sug- year, and the average smoker tries to quit every eight and a half months.

second- » 54% of serious quit attemnpts fail within one week.

These facts are worrisome because they hint that smokers may face a self-
control problem, an inability to carry out optimal strategies for consump-
tion. Economic theory assumes that individuals can not only optimize their utility
function, but that they can then carry out those optimal plans. There is much evi-
dence from psychology, however, that contradicts this assamption: individuals
are often unable to carry out long-term plans that involve self-control when
there are short-term costs to doing so. An excellent example of this is smok-
ing, where there is a short-term cost of quitting (in terms of physical discom-
fort and perhaps mental distress), but a long-term health benefit. Other
examples include retirement savings (short-term cost in terms of forgone
consurnption today, but long-term benefits in terms of a higher standard of
* living in retirement), or whether to diet and/or exrcise (skBrt-term costs in
terms of less food or more work today, but long-term benefits in terms of a
* longer life). In many arenas, individuals appear unable to control their short-
term desires for their own longer-term well-being.
smoking There are two types of evidence for the existence of self-control problems.
isfactory The first is from laboratory experiments in psychology. In laboratory settings,
rents!).*” individuals consistently reveal that they are willing to be patient in the future,
but are impatient today, the defining characteristics of self-control problems. A
person with self-control problems has the right long-run intentions (he
' _ rationally optimizes his utility function given his budget constraint), but he
;;Elag :;St just can't carry them out. For example, in one experiment, most people pre-
wives signif- ferred a check for $100 they could cash today over a check for $200 they
‘could cash two vears from now. Yet the same people prefer a $200 check eight
years from now to a $100 check six years from now, even though this is the
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self-control problem An
inability to carry out optimal
strategies for consumption.
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commitment devices Devices
that help individuals who are
aware of their self-control prob-
lems fight their bad tendencies.
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mternallty The damage ane
does to oneself thraugh
adverse health (or other)
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same choice—it’s just six years in the future.®® This is consistent with self-
control problems: individuals are willing to be patient in the future, but not
today when faced with the same choice.

The second type of evidence for self-control problems is the demand for
commitment devices. If individuals have self-control problems and are aware
of those problems, they will demand some type of device that helps them fight
these problems. And the search for such commitment devices is the hallmark of
most recommended strategies for quitting smoking: people regularly set up sys-
tems to refrain from smoking by betting with others, telling others about the
decision, and otherwise making it embarrassing to smoke. These practices help
individuals combat their self-control problems by raising the short-run costs of
smoking to offset the short-run benefits of smoking. The use of seif-control
devices 1s widespread in other arenas as well: individuals set up “Christmas
Clubs” at their banks to make sure they have enough money to buy Christmas
presents, and they buy memberships at sports clubs to commit themselves to
wotk out when it would generally be cheaper to just pay each time they go.?

Implications for Government Policy Both irrationalities among youth
smokers and self-control problems among older smokers seem to be sensible
features of any model of the smoking decision: we all know (or were) irrational
youth, and we all know (or are) individuals with problems of self-control. Yer,
these sensible psychological additions to the standard economic model have-
dramatic implications for government policy, because in either case it is not just
the external darnage from smoking that matters for government intervention,
but also some of the damage that smokers do to themselves. If smokers make
mistakes when they are young, or would like to quit but cannot, the damage
from smoking is an internality, which refers to the damage one does to one-
self through adverse health (or other) behavior. This internality justifies gov-
ernment regulation of smoking in the same way that externalities do in, the
traditional model. 'The government is once again addressing a failure: in this
case 1t is not an externality on others but rather a cost imposed on one’s long-
run health by one’s short-run impatience or teen irrationality. If the govern-

potentia

ment can make individuals better off in the long run by addressing short-run Drinkis
failings, then it can increase eﬂicwncy as if it were correcting a market failure, _' Alcohol
The stakes are large here. While the daﬁ'&‘w.age that smokers do to others is, on stnoking
net, small, the damage that smokers do to themselves is enormous. Consider j Just sumptio:
one aspect of that damage: shortened lives. The average smoker is estimated to because
live about six fewer years than nonsmokers. A year of life is typically valued by due to d
economists at about $200,000 (using methods discussed in more detail in " lion mo
Chapter 8). At this estimate, the value of life lost from smoking is about $35
per pack! This is an enormous figure, on the order of 100 times larger than the
typical estimate of the external damage done by smoking.
32 My chilc
smoking. H
, health risks

+ formance. ]

3 Amshe and Haslam (1992).
2 DellaVigna and Malmendier (2004,




CHAPTER 6 w EXTERNALITIES IN ACTION: ENVIRONMENTAL AND HEALTH EXTERNALITIES 171

h self- The government has several policy tools at its disposal for addressing inter-
nalities. One tool is information about the health hazards of smoking. Much
of the large decline in smoking over the past 30 years has been traced to the
and for telease of information about the dangerous health implications of smoking.
& aware Informatton about long-run heaith effects will not, however, effectively com-
m fight bat problems of self-control or teen irrationality.*”
An excellent commitment device available to the government is taxation,
* which raises the price of cigarettes to smokers. A large body of evidence shows
© that smokers ate fairly sensitive to the price of cigarettes, with smoking falling by
ces help about 5% for each 10% rise in prices (and by even more among especially price-
costs of - sensitive youth smokers). By raising taxes, the government can force smokers to
* control - face higher costs that lower their smoking, providing the desired self-control.**
hristmas Gruber and Koszegi (2004) calculate that, for the type of self-control problems
hristias documented in laboratory experiments, the optimal tax would be on the order
selves to of $5 to $10 per pack, above and beyond any taxes imposed to combat external-
rgo? - ities. This is a high level that is well above taxation rates today.

The notion that government policy should be determined not just by
g youth * externalities but by internalities as well is a major departure from traditional
:microeconomic policy analysis. As such, much more research is needed to
decide how large internalities really are. Nevertheless, the enormous health
costs of smoking ($35 per pack) suggest that, even if such internalities are
small, they might justify large government interventions.
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The Economics of Qther Addictive Behaviors

1ﬁe§ gov- % While cigarette smoking is a particularly interesting application, it is by
do in the e no means the only health behavior where externalities (or internalities)

re; “1’ chis potentially cause market failure, We briefly consider three others.
ne’s long-

e govern- .
short-run % Drinking

:t failure. - Alcohol consumption presents an interesting alternative example to cigarette
hers 13, on smoking. On the one hand, the externalities assocxated with alcohol con-
nsider just sumption are much larger than those associated with smoking. This is largely
timated to " because the major externality associated with alcohol consumption is damage
valued by i duc to drunk driving. Over 17,000 persons per year are killed, and half a mil-
» detail in lion more are injured due to alcohol-related automcbile accidents in the
about $35 '

=r than the

¥ My child’s school has recognized the ineffectiveness of warning youths about the very-long-run risks of
smoking. His recent antismoking bookmark had ten reasons not to smoke, and enly one was long-term
‘health risks; the other nine were short-term costs such as higher likelihood of acne or worse sports per-
formance. These are clearly less important than early death from a long-run perspective, but the bookmark
serves the purpose of making youths realize short-run costs that offset che short-run benefits of smoking.
Indeed, Hersch (2005} finds that smokers who plan to quit smoking are much more supportive of regu-
tions on smoking than are other smokers.
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United States.>® Economists assess the years of life lost from these accidents at
a very high value (on the order of $120 billion per year). Even though the
drunk driver may lose his license and see his insurance premiums rise, he is
unlikely to bear the full costs to society of his action. The central estimate for
the externalities due to drinking are 80¢ per ounce of ethanol (pure alcohol),
which is much higher than current alcohol taxes that amount to only 9 to 24¢
pet ounce of ethanol, depending on the type of drink (since taxes per ounce
of ethanol vary across beer, wine, and other alcoholic drinks).g'6

These figures do not include another potentially important externality
from drinking: the increased tendency toward violence and crime. Twenty-
five percent of violent crimes, and 40% of domestic abuse cases, involve
victims who report that the perpetrator had been drinking before committing
the crime.®” A series of articles by Sara Markowitz and colleagnes document
strong effects of anti-alcohol policies (such as higher taxes on alcohol) in low--
ering violence, crime, risky sexual behavior, and sexually transmitted dis--
eases.>® Once again, if this behavior only involves family members, it may or
may not be an externality; when it involves others, such as through criminal
acts, the behavior is clearly an externality.

The internalities due to drinking may be much smaller than those due to
smoking, however. Drinking in small quantities, while it may impair one’s.
driving, may actually be good for long-run health. And it is only a small share ;
of drinkers who do damage to their health and otherwise harm themselves by
drinking. Thus, the major rationale for government regulation of drinking is”
the standard one, from externalities.

The appropriate role for government in regulating drinking is difficul
because the externalities due to drinking arise from the small share of drinking
that results in drunk driving and violence. In theory, the optimal policy would
target drunk driving and violence with steeper fines and penalties. But it i
impossible to realistically raise the cost of drunk driving or violence enough to
account for the externalities of that activity. At the other extreme, raising taxes
on all alcohol consumption is a very blunt instrument that will lower drinking
too much among those who aren't going to drive drunk or commit violent
acts, and not enough among those who are at risk for driving drunk or:
alechol-related violence. Nevertlieless, giten the enormous damage done by,
drinking, higher alcohol taxes would raise social welfare overall, relative to a
system that leaves taxes at a level so far below the externalities of drinking.

Bl

Illicit Drugs

Another addictive behavior that raises government concern is the use of illicit

drugs, such as marijuana, cocaine, ecstasy, and heroin. In the United States, as
m most countries, the government regulates these activities by prohibiting

3% MNational Highway Traffic Safety Administration (2005).
36 :

Manning et al. {1989).
37 )8, Department of Justice (1998). -
*® See for example Markowitz and Grossman (1959), Markowitz (2000a, b), Grossman, Kaestner, and
Markowitz (2004}, and Markowitz, Kaestner, and Grossman (2005).
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flicit drug consumption, subject to criminal penalty. This is a particularly
interesting case because most of the externalities associated with illicit drugs
. arise because of their illegality. Indeed, legal consumption of some illicit drugs
is likely to have much lower externalities than consumption of alcohol. Thus,
the rational addiction model would suggest that there is no more call for reg-
ulating illicit drug use than for regulating smoking. As the famous econornist
Milton Friedman wrote in 1972, in advocating the legalization of drugs,“The
harm to us from the addiction of others arises almost wholly from the fact that
drugs are illegal. A recent committee of the American Bar Association estimat-
ed that addicts commit one-third to one-half of all street crime in the US.
Legalize drugs, and street crime would drop dramaticalty”**”

Yet, despite this argument, drug legalization remains a radical idea in Amer-
ica and in most nations. Thus, policy makers clearly don’t believe that the
rational addiction model applies equally to ilhcit drugs and other potentially
addictive activities such as drinking and smoking. For illicit drugs, but not for
smoking and drinking, the government appears to have concluded that indi-
viduals are not making the right long-term decisions for themselves—other-
“wise it is difficult to rationalize the public policies pursued in most

industrialized nations.

besity
A potential health externality that has recently atrracted significant attention
in the United States and elsewhere is obesity. There has been an enormous
tise in obesity in the United States: the share of the adult population classi-
fied as obese has risen from 13% in 1960 to 31% in 2002. Indeed, the fastest-
growing public health problem in the U.S. today is diabetes, a disease whereby
the body is not able to regulate its glucose (sugar) intake. Diabetes is a pro-
gressive and often fatal disease with no known cure. It can attack every organ
_in the body, resulting in higher risk of heart failure, stroke, and poor circula-
tion, which can lead to amputation. The number of diabetics has doubled in
the past decade, and it is projected that one in three children born in 2000
- will have diabetes. The two biggest factors driving the rise in diabetes are the

rise in obesity and inactive lifestyles in the U.S. _

Recent studies have suggested that both the external ®sts of obesity (in
terms of government health costs) and the internal costs of obesity (in terms
of shortened lives and lower quality years of life) may exceed those of either
cigarettes or alcohol.*® Thus, under either traditional models or models that
take into account self-control problems, there may be a large role for the gov-
ernment in addressing this problem.

Using tax policy to reduce obesity in the United States, however, 1s a very
complicated task, because there is a very complicated relationship between
different types of food consumption and health. As Rosin (1998} writes,
“Measuring fat content is not always practical. Hamburger meat has a certain

: * Friedman {1972).
-9 Centers for Disease Control and Prevention (2005b), Table 73.

EXTERNALITIES IN ACTION: ENVIRONMENTAL AND HEALTH EXTERNALITIES




=

T e o L R |
L Cm T Ly T N -

174 PART 11 EXTERNALITIES AND PUBLIC GOODS

percentage of fat, but most of it would melt away during grilling. And what
about sugary no-fat snacks such as soda and candy?” This complicated rela-
tionship suggests that the most straightforward approach to addressing the -
costs of obesity would be to directly tax body weight (a “fat tax”}, Ot to per-
haps subsidize weight loss {a “skinny subsidy”)!

Summary

In summary, regulating other health behaviors raises many sirmdlar issues to
those we raised for smoking. For drinking and obesity, however, existing taxes
are already so far below the level of negative externalities that assessing the
role of self-control problems and internalities is not critical: virtually any eco-
nomic model would imply that :f these externality calculations are correct,
taxes should be higher. Yet there are difficult issues in raising taxes in both
cases, ranging from the fact that a moderate amount of consumption may
actually be good for people {clearly so in the case of food!) to the fact that it s
difficult to appropriately design taxes Lo target the externality.

_A_S.———__'_'____' _

Conclusion

his chapter has shown that the externality theory developed in Chapter 5

has many interesting and relevant applications. Public finance provides
tools to help us think through the regulation of regional externalities such as
acid rain, global externalities such as global warming, and even the “internali-
ties” of smoking. Careful analysis of public policy options requires discrimi-
nating truly external costs from costs that are absorbed through the market
mechanism, understanding the benefits and costs of alternative regulatory
mechanisms to address externalities, and considering whether only externali-
ties or also “internalities” should count in regulatory decisions.

=4 ;.‘_;i.u .

B HIGHLIGHTS
g Acid rain is a clear negative externatity exerted pri- trading and developing country participation could
marily by power plants on wildlife, trees, structures, lower costs significantly.
and (through associated particulate emissions)  w The net external costs of smoking are fairly low,
human health. suggesting a limited government role under the tra-
; The original Clean Air Act significantly (but ineffi- ditional model. Alternative models where con-
ciently) reduced the amount of particulates in the cumers have self-control problems suggest that the
air (and thus reduced acid rain). Regulation became government role may be larger.
much more efficient with the trading regime Other activities such as alcohol consumption and
imposed by the 1990 amendments to the act. obesity have much larger externalities, but it is difli-
Global warming is a difficult problem because the cult to design regulatory mechanisms to target the
effects are truly global and very long lasting. exact source of the externalicy (drunk driving and
fat consumption, respectively).

The Kyoto treaty would be costly {for the United
Scates) first step in addressing global warming, but
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» QUESTIONS AND PROBLEMS

»ADVANCED QUESTIONS

‘21‘1:." Why does Chay and Greenstone’s (2003)
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Some people were concerned that the 1990
amendments to the Clean Air Act would generate
“hot spots” of pollution—localized areas with
very high concentrations of pollutants. Why
might the amendments lead to such “hot spots™?
Are these “hot spots” necessarily a bad thing from
an overall social welfare perspective? Explain.

. The National Institute on Drug Abuse describes

six-year trends in teenage smoking, drinking, and
other drug use on the Web at http://www.nida.
nih.gov/infofax/hsyouthtrends.heml. ~ According
to this site, for which age groups have the changes
in the rates of teenage smoking and drinking been
most pronounced?

. Think about the major ways in which acid rain

causes damage, such as through forest erosion,
property damage, reduced visibility, and adverse
health outcomes. Which of these costs are highly
localized and which are borne by society more
broadly? Explain.

. Many towns and cities in the northeast and west

coasts have recently passed bans on smoking in
restaurants and bars, What is the economic ration-
ale behind these bans? Would there be similar
rationales for banning smoking in automobiles?
Apartment buildings? Houses?

. Think about the concerns about the original

1970 Clean Air Act described in the text. To what
degree did the 1990 amendments to the act
address these concerns? Explain your answer.

10.

In which way could smoking exert a positive
externality on others?

. Some observers argue that since carbon dioxide

and temperature levels have been much higher in
Farth's history than they are today, the current
concerns about the human contribution to global
warming are overblown. How would you empiri-
cally test this argument?

. Nordhaus and Boyer (2000) estimated that the

United States would bear over 90% of the total
world cost of achieving the Kyoto targets for
greenhouse gas emission reductions. Explain how
this can be when the U.S. produces only about a
quarter of the world’s greenhouse gasses.

. Evans, Farrelly, and Montgomery (1999) found

evidence that workplace smoking bans substan-
tially reduce overall rates of smoking, particularly
for those people with longer work weeks. Why
should workplace smoking bans be particularly
influential in affecting the behavior of people
who work long hours?

Congressman Snitch argues that since obesity
causes so many serious health problems, fatty
foods should be regulated. Do you agree with
him?

The € icon indicates a guestion that requites students to apply the
empirical economics principles discussed in Chaprer 3 and the Empiri-
cal Evidence boxes.

approach to measuring the effects of acid rain
reduce the identification problems associated with
more “traditional” approaches?

- Imagine that it is 1970, and your parents are in

callege, debating the merits of the Clean Air Act
of 1970. Your father supports the act, but your
mother says that since it only covers new plants, it
might actually make the air dirtier.

a. What does your mother mean by her argument?
b. How would you construct an empirical test to
distingnish between your parenis’ hypotheses?

pitwes

13.

14.

Caffeine is a highly addictive drug found in coffee,
tea, and some soda. Unlike cigarettes, however,
there have been very few calls to tax it, to regulate
its consumption, or limit its use in public places.
Why the difference? Can you think of any eco-
nomic arguments for regulating (or taxing) its use?

When Wisconsin had lower drinking ages than its
neighboring states, it experienced higher levels of
alcohol-related crashes in its border counties than
in other counties in its interior. What does this
finding imply for the spillover effects of the policies
of one state {or country) on other jurisdictions?
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15. In Becker and Murphy's “rational addicts” model,
smokers are perfectly aware of the potendal for
smoking to cause addiction, and they take this
into account when deciding whether or not to
smoke. Suppose a new technology—such as a
nicotine patch—is invented that makes quitting

snoking much easier (less costly) for an addict. If
Becker and Murphys model is correct, what
effects would you expect this invention to have
on people’s smoking behavior? Would your
answer be different for young people than for
older people?
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Public Goods

he city of Dhaka, Bangladesh, has a parbage problem. Every few days,
tesidents of the various Dhaka neighborhoods bring their trash to
large dumpsters in central areas or smaller dumpsters along their local
streets. In theory, municipal employees then collect the garbage and cart it off
for disposal. In practice, however, those employees often fail to show up, leav-
ing the garbage to rot in the streets and residents to fume in frustration.
An economist might wonder why the residents of Dhaka don't simply
scrap the current system of public trash collection and instead pay a private
service to pick up their trash. In this way, the free market might solve Dhaka’s
problems. The trouble is that private trash collection, financed by a voluntary
fee paid by neighborhood residents, faces the classic free rider problem intro-
duced ] in_Chapter 5: any resident could continue to throw his trash in the
dumpsters, and then refuse to pay his share of the trash collection fee, with the
hope that his neighbors would pick up the costs for him. If his neighbors
cover the cost of collection, this free rider gets all the benefits of trash collec-
tion but pays none of the costs. Yet, if some in the neighborhood free ride,
others will feel exploited by paying to have their non-paying neighbors’ trash
- picked up; these _r_e_siﬁd_ep't__s__'_r_nig_h'tﬂdccide not to pay e&ther. Eventually, the num-
ber of free riders might grow large enough that the town Wduld not be able
to raise sufficient funds to finance the trash collection from a private company.
For this reason, only about 50 of Dhakas 1,100 neighborhoods have been
able to replace the municipal trash collection with private collection financed
by voluntary trash collection fees."

The problems faced by the city of Dhaka illustrate the difficulties of effec-
tively addressing the free rider problem through a private mechanism. ¢ Goods
that suffer from this free rider problem are known in economics as @ihc goods,

e — e [T =
- determining the optimal level of their provision. We then turn to the first

Pargal et al. (2000).

7.1 Optifml Provision of
Public Goods

7.2 Privace Provision of Public
Goods

7.3 Public Provision of Public
Goods

7.4 Conclusion

Appendix to Chapter 7 The
Mathematics of Public Goods
Provision

and they are the focus of this "él'x—e_'gptef. We begmbydeﬁnlng public goods and
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m TABLE 7-1

Defining Pure and Impure Public Goods

Is the good rival in consumption?
e
Yes No

Private good Impure public good

Is the good (ice cream) (cable TV)
excludable? Impure public good Pure public good
T No {crowded city {national defense)
sidewaik)

Whether a good is private or public depends on whether it is rival and
excludable. Pure private goods such as ice cream are both rival and
excludable. Pure public goods such as national defense are neither
rival nor excludable. Goods that are rival but not excludable, and vice

question of public finance and ask if the govern-
ment should be involved in the provision of public
goods. We show that the private sector is in fact
likely to underprovide public goods due to the free
rider problem. Sometimes, however, private actors
successfully provide public goods, so we discuss the
factors that make private provision successful.

We then discuss the public provision of public
goods. In principle, the government can simply
compute the optimal amount of a public good to
provide, and provide that level. In practice, however,
the government faces several difficulties in provid-
ing the optimal level of public goods. First, when
private parties are already providing the public
good, government provision may simply crowd out

versa, are impure public £00ds.

pure pubhc goods Goods that
are perfectly non-rival in con-
sumption and are non-
excludable.

non-rival in consumption One
individual's consumption of a
good does not affect another's
opportunity to consume the
good.

non-excludable Individuals
cannot deny each other the
opportunity to consume a good.

impure public goods Goods
that satisfy the two public good
conditions {non-rival in con-
sumption and non-excludable) to
some extent, but not fully.

this private provision so that the total amount of
the public good provided does not rise. Second, ;
measuring the actual costs and benefits of public
goods {which is required for determining optimal public goods provision) is
difhicult. Finally, determining the public’s true preferences for public goods, and
aggregating those preferences into an overall decision on whether to pursue
public goods projects, raises a variety of challenges.

This chapter begins our section on public goods provision. Chapters 8 and 9
provide details on the problems of measuring the costs and benefits of public -
projects (cost-benefit analysis), and on the difficulties of effectively translating vot-
ers’ preferences for public projects into public policy (political economy). Chapter
10 discusses the local provision of public goods and raises the important ques-
tion of whether competition across localities can solve the public goods provi-
sion problems raised in Chapters 7-9. Finally, Chapter 11 focuses on one of 'the
most important public goods provided in the United States: education.
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Optimal Provision of Public*6oods
Goods that are pure public goods are characterized by two traits. First,

“ Quic

they are non-rival in consumption: that is, my consuming or making _

use of the good does not in any way affect your opportunity to consume the good,
good Second, thc_f_yﬁare non excludable‘ even if I want to deny you the ~ - choice
opportunity to consume or access the ‘public good, there is no way I can do choi.ﬁé-
so. These are fairly strong conditions, and very few goods meet these condi- for am
tions in practice. Most of the goods we think of as public goods ar are really L
1mpute pubhc goods Wthh satlsfy these two condmons to some extent cookie:
butnot fully. ™ - $1, we

cream

“Table 7-1 shows possible combinations of public good characteristics.
Goods that are both excludable and rival are pure private goods. Private goods
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rate goods

such as ice cream are completely rival (once you eat an ice cream cone, [ can-
not consume that ice cream cone at all) and they are completely excludable
{you can simply refuse to sell me an ice cream cone}.

There are two types of impure public goods. Some goods are excludable, but

- not vival, The best example here is cable television: the use of cable TV by oth-
ers in my dﬁ;ﬁéé_-your enjoyment of cable, so consumption is non-
r1val It is, however, possible to_exclude you from consuming cable TV: the
cable company can simply refuse to hook you up to the system. Other goods,
such as walking on a crowded city sidewatk, are rival but not _ggggl_u_cigﬁaje. When
vou walk on a crowded city sidewalk, you reduce the enjoyment of that walk-
- ing experience for other pedestrians, who must now fight against even more
foot traffic. Yet it would be very difficult for any city to exclude individuals
from using the sidewalk!

Pure public goods are rare because there are few goods that are both not
excludable and not rival. A classm'example of a pure pubhc ‘good is natic natlonal

defense National defense is not rival because if 1 build 2 house next to yours,

my action in no way diminishes your national defense protection. National
~ defense is not excludable because once an area is protected by national
defense, everyone in the area 1s protected there is no way the _government can

eﬁ'ectwely deny me protectlon since_my_house 1s in a ne1ghborhood with
many other “houses. Other classic examples of pure public goods include
lighthouses and hreworks displays.

'mpful to think about a public good as one with a large positive exter-
nality. If I set off fireworks high into the sky, it benefits many more people
- beyond myself, because many people will be able to see the display. I am not
compensated for other people’s enjoyment, however: I can’t exclude others

“from seeing the fireworks, so [ can’t charge them for their enjoyment.

Optimal Provision of Private Goods

Before we model how to determine the optimal quantity of public poods to
provide, let’s review the conditions for optimal provision of private goods.
Imagine that there are two individuals, Ben and Jerry, who are deciding
between consuming cookies and ice cream, two pyre prlva,t@ goods For sim-
plicity, suppose that the price of cookies is $1.

‘Quick Hint A convenient modeling tool in economics is the numeraire
- good, a good for which the price is set at $1. This tool is convenient because all
" choice: models are technically written about the choice between goods, not the

choice of a particular good. As a result, what matters for modeling the demand
for any good (such as ice cream) is its price relative to other goods (such as
~ cookies), not the absolute level of its price. By setting the price of cookies to
$1, we make the analysis easier by making the absolute and relative price of ice

cream equal.
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numeraire good A good for
which the price is set at $1 in
order to model choice between
goods, which depends on rela-
tive, not absolute, prices.
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W FIGURE 7-1 .

(a)

Price
of ice
. cream
: cone

Quantity Quantity Quantity . -
of cones of cones of cones - .

Horizontal Summation in Private Goods Markets +in private goods markets, we horizontally
sum the demands of Ben and Jerry to get market demand for ice cream cones. If Ben demands 2
ice cream cones at $2, and Jerry demands 1 ice cream caone at $2, then at a market price of $2
the guantity demanded in the market is 3 ice cream cones.

Figure 7-1 shows the analysis of the market for ice cream cones. Panels (a)
and (b) show Ben’s and Jerry’s individunal demand curves for ice cream cones;.
that is, the number of ice cream cones that each man would demand at each
price. Panel (c) shows the market demand curve, the horizontal sum of the
two individual demands: for every price of ice cream cones, we compite
Ben’s demand and Jerry’s demand, and then add them to preduce a total mar-
ket demand. At $2, Ben would like two ice cream cones, and Jerry would like
one, for a total market demand of three cones. As we learned in Chapter 5, choice (¢
the demand curve in the final panel of Figure 7-1 also represents the social re 10 1T
marginal benefit (SMB) of ice cream consumption, that is, the value to society the socia
from the consumption of that cone. i equal to
The market supply curve for ice cream represents the marginal cost of pro- market, ¢
ducing ice cream cones for a firm. As discussed in Chapter 5, in a market with ' of ice cr
no failures, this curve also represents the sodal marginal cost (SMC} of ice cream . ginal cos
production, the cost to society from the production of that cone. In a private  competit
market, then, equilibrium oceurs where SMB = SMC, the point at which sup- which is
ply and demand intersect. In Figure 7-1, equilibrium is at point E: at a price of \ aximiz
$2, the market demands three ice cream cones, which are supplied by the firm. ~value of
A key feature of the private market equilibrium is that consumers demand dif- cost of
ferent quantities of the good at the same matket price. Ben and Jerry have different '
tastes for ice cream, relative to cookies. The market respects those different ;
tastes by adding up the demands and meeting them with an aggregate supply. In -Optima
this way, Ben and Jerry can consumne according to their tastes. Since Ben likes ' Now, ir
ice cream more than Jerry, he gets two of the three cones that are produced. ' ‘and cool




It is also useful to represent this equilibrium outcome mathematically. Reecall
from Chapter 2 that an individual’s optimal choice is found at the tangency
between the indifference curve and the budget constraint. This is the point at
which the marginal rate of substitution between ice cream cones and cookies (the
rate at which consumers are willing to trade ice cream cones for cookies) equals
the ratio of the prices of ice cream cones and cookies. That is, Ben and Jerry each
consume ice cream cones and cookies until their relative marginal utilities from
the consumption of these products equal the relative prices of the goods. The
sptimality condition for the consumption of private goods 1s written as:

(1) MUB /MUP. = MRSP, .= MRS/, . = P./P,

e

B where MU is marginal utility, MRS is the marginal rate of substitution, the
superscripts denote Ben (B) or Jerry (), and the subscripts denote ice cream
— cones (i) or cookies (¢). Given that the price of cookies is $1, and the price of
f;ls’ an ice cream cone is $2, then the price ratio is 2. This means that, in equilibri-
- um, each individual must be indifferent between trading two cookies to get
one ice cream cone. Ben, who likes ice cream more, is willing to make this
trade when he is having two ice cream cones. But Jerry, who likes ice cream
+less, is only willing to make this two cookies for one ice cream cone trade at
his first cone; after this, he isn’t willing to give away two more cookies to get
" one more ice cream cone.
On the supply side, ice cream cones are produced until the marginal cost of
- doing so is equal to the marginal benefit of doing so, which, in this competitive
zn:};g ~market, is equal to the price. Thus, equilibrium on the supply side requires:
| at each {2) MC, = P,
1of the Recall that we have set P. = $1. Thus, we have from equation (1} that MRS
-ompute = p,, and we have from equation (2) that MC = P;. In equilibrium, therefore,
ital m:ar— MRS = MC.
ould like ' The private market equilibrium is also the social-efficiency-maximizing
1apter .5’ choice (the point that maximizes social surplus). This is because when there
the sgaal . are no market failures, the MRS for any quantity of ice cream cones equals
» society the social marginal benefit of that quantity; the marginal value to society is
equal to the marginal value to any individual in.the pesfectly competitive
tof pro= market. Similarly, when there are no market failures, the MC for any quantity
ket with of ice cream cones equals the social marginal cost of that quantity; the mar-
ce cream ginal cost to society is equal to the marginal cost to producers in a perfectly
alprwate competitive market. Thus, at the private market equilibrium SMB = SMC,
11Ch_ sup- which is the condition for efficiency we derived in Chapter 5 for efficiency
2 price of aximization: the efficiency-maximizing point is the one where the marginal
the firm. value of consuming the i s equal to the marginal
. Yalue of consuming the next unit to any consummer 1s equat to the gL
?mflnd dif- , ‘cost of producing that additional unit.
different : :
different
supply. In - ptimal Provision of Public Goods
Ben likes ow, imagine that Ben and Jerry are choosing not between ice cream cones
duced. nd cookies but between missiles (a public good) and cookies. Once again, the
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FIGURE 7-2

Vertical: Summation.in Public. -
Goods Markets « For public. -
goods, we vertically sum the
demands of Ben and Jerry to get . -,
the social value of the public good.. .}
. If Ben is wiling to pay $1 forthe
Quantity of missiles oy miccile and Jerry is willing to
pay $2 for the fifth missile, then -
(b} +  society values that fifth missile at .
Price of . $3. Given the private supply:curve. .
missiles * for missiles, the optimat number of -
54 missiles to prodiice is five, where
social marginal benefit ($3) equals
social marginal cost ($3).° % .
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price of cookies is set equal to $1. A difference between missiles and ice
cream cones is that individuals cannot tailor their own specific consumption
of missiles. Because missiles-are a public good, whatever amount is provided
must be consumed equally by all. This characteristic of the market for public
goods turns the private market analysis on its head, as shown in Figure 7-2.
Each person is now forced to choose a common quantity of the public good.
Because Ben and Jerry have different tastes for missiles and cookies, they will
be willing to pay different prices for this common guantity. Ben has a very flat
demand for missiles; he is willing to pay only $2 for the first missile and $1 for
the fifth missile (panel (a)}. Jerry has a steeper demand, and is willing to pay $4
for the first missile and $2 for the fifth missile (panel (b}).

% ducers e
With: thi

vate sect




Whatever number of missiles is chosen applies to Ben and Jerry equally,
since missiles are a public good. To arrive at the market demand for missiles,
we do not sum horizontally, as with private goods (where we sum the individ-
ual quantities demanded at the given market price). Instead, we sum wvertically
by adding the prices that each individual is willing to pay for the fixed market
quantity. Ben and Jerry are together willing to pay $6 for the first missile, but
their willingness to pay declines as the number of missiles increases, so they
are only willing to pay $3 for the fifth missile. This vertically summed demand
- curve is shown in panel (c) of Figure 7-2.

Panel {c) also shows a supply curve for missiles, which equals their margin-
al cost of production. The socially optimal level of production is the intersec-
tion of this supply with the vertically summed demand. That is, given that any
missiles that are provided protect both Ben and Jerry, the producer should
consider the sum of their valuations (their willingness to pay} in making its
production decision. The resulting socially optimal level of production is five
‘missiles.

Once again, a mathematical exposition helps clarify the mechanism under-
Iying this result. The marginal missile is worth MRS®, . to Ben and MRSJ,,,’C
to Jerry, so its total value to society is MRS, . + MRS/, .. The social mar-
inal benefit (SMB) of the next missile is the sam of Ben and Jerry’s margin-
rates of substitution, which represent their valuation of that missife. The
social marginal cost (SMC) is the same as earlier: it is the marginal cost of
roducing 2 missile. Thus, the social-efficiency-maximizing condition for the

MRS®,, .+ MRS, .= MC

ocial efficiency is maximized when the marginal cost is set equal to the sum
the MRSs, rather than being set equal to each individual’s MRS. For private
goods, it is optimal for firms to produce until the marginal cost equals the
‘benefit to the marginal consumer, and that is the private competitive market
‘outcome. For public goods, however, it is socially optimal for firms to produce
til the marginal cost equals the benefit to all consumers combined. This is
because the private good 1s rival: once it is consumed by any one consumer, it
is gone. The public good is non-rival: since it can be¢ consuiired jointly by all
‘sonsumers, society would like the producer to take into account the sum of

| -
| ‘all consumers” preferences.

i and ice

sumption

provided .

or public u_*
gare 7-2. Private Provision of Public Goods

lic good..

they will e have now developed the conditions for the optimal provision of public
vvery flac Wgoods: public goods should be produced until the marginal cost for pro-
nd $1 for ducers equals the sum of the marginal rates of substitution for all consumers.
to pay $4 WWith this finding in mind, the first question to ask (as always}) is: Does the pri-

vate sector get it right? If the private sector provides the optimal quantity of
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free rider problem When an
investment has a personal cost
hut a common benefit, individu-
als will underinvest.

NS Al 5 IR e TV PR g 02 o

goods at the market price, then there is no market failure, and there is no poten- 3
tial role for the government in terms of improving efficiency.

Private-Sector Underprovision
In general, the private sector in fact underprovides public goods because of the:
free rider problem discussed in Chapter 5: since my enjoyment of public*
goods is not solely dependent on my contribution to them, I will contribute :
less to their provision than is socially optimal. :
Let’s consider this problem in the context of an example. Suppose Ben and
Jerry live by themselves far away from others. It 15 July 4th, and they want to:
have a cclebration. For this celebration, they care about only two consump-.
tion goods: ice cream cones and fireworks. The price of each of these goods i
$1, so for every firework they buy, they forgo a serving of ice cream. Ice cream;
is a private good here, but fireworks are a pure public good: fireworks are non
rival since both Ben and Jerry can enjoy them without impinging on th
other’s enjoyment, and fireworks are non-excludable since they explode high/
in the sky for both Ben and Jerry to see. Neither Ben nor Jerry cares about;
who sends up the firework, as long as it’s up in the sky for them to see. Both
Ben and Jerry benefit equally from a firework sent up by either of them; what’
matters to them is the total amount of fireworks. To further simplify the example,
suppose that Ben and Jerry have identical preferences over different combina-:
tions of fireworks and ice cream. '
If left to their own devices, Ben and Jerry will choose to consume combi-
nations of fireworks and ice cream cones identified by the points at which:
their indifference curves are tangent to their budget constraints. The slope of
the budget constraints is 1, since fireworks and ice cream cones are each $1
per unit. The slope of the indifference curves is the MRS, or the ratio of mar-
ginal ucilities. So both Ben and Jerry will set their marginal utility as
MUg/MU, = 1, or MU,, = MUpg. This equivalence will determine the quan-
tities of fireworks and ice cream cones consumed. ' ':
The optimality condition for public goods is that the marginal cost of the
good should be set equal to the sum of marginal rates of substitution. Optimal
consumption of fireworks would thepgfore occur at the point at which
MUB ./ MUB, + MUY/ MU/, = 1. Since Ben and Jerry’s preferences are identi-
cal, this is equivalent to saying that 2 X (MUy/ MU,) =1, 0r MUp= % MU,
Recall that marginal utilities diminish with increasing consumption of a

good. In a private market equilibrium, fireworks are consumed until their after i
marginal utility equals the marginal utility of ice cream (since the prices of ! nota
both goods are $1). But the optimality calculation shows that fireworks should _ Tepair
be consumed until their marginal utility is half the marginal utility of ice -$20,0
cream; that is, more fireworks are consumed in the optimal public goods out-
come than in the private outcome.
This result is exactly what we would expect from the free rider problem.
Ben and Jerry each have to forgo a serving of ice cream to provide a firework, # Public ra
but both Ben and Jerry benefit from each firework that is provided. There is a ELOI;HM:::M
Times (Lon

clear strong positive externality here: Ben’s ot Jerry’s provision of the firework
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CHAPTER 7

- greatly benefits the other person. As we saw with positive externalities earlier,
this situation leads naturally to underproduction. Thus, the free rider problem
leads to a potential role for government intervention. {The appendix to this
chapter works out a formal mathematical example of the free rider problem,
illustrating how the private market underprovides the public good.)

The Free Rider Problem in Practice?®

The free rider problem is one of the most powerful concepts in all of eco-

‘nomics, and it applies to everything from your everyday interactions to global

politics. Some everyday examples, and interesting solutions, include the fol-

“lowing;

» WINYC, the public radio station in New York, has an estimated listen-

- ing audience of about 1 million people, but only 75,000 (7.5%) of

their listeners send in money to support the station. Contributions

account for only 35% of WINYC’s budget. To avoid such a free rider
problem in the United Kingdom, the national television station, the

" BBC, charges an annual licensing fee (currently around $200) to any-

one who owns and operates a TV! The law is enforced by keeping a

database of addresses recorded when TV purchases are made, and

periodically a fleet of BBC vans scours the country with TV detec-

tion devices that can sense the “local oscillator” that operates when a

TV is being used. If you're caught without a license, the fine can run
up to $1,500.

. A 2000 study of the file-sharing software Gnutella showed that 70%
of users download files only from others, and never contribute their
own files via upload. The top 1% of Gnutella users contribute 40% of
the total files shared, and the top 20% of users provide 98% of all files
traded. The file-sharing software Kazaa now assigns users ratings based
on their ratio of uploads to downloads and then gives download pri-
ority to users according to their ratings, thus discguraginyg‘fr‘ee riders.

» In 1994, the town of Cambridge, England, tried to provide'é public

good in the form of 350 free green bicycles scattered throughout the

city. Users were expected to return each bicycle to one of 15 stands

after its use. Unfortunately, within four days of the scheme’s launch,

not a single bicycle could be found, most having been likely stolen and
repainted a different color. The scheme ulumately cost the city about

- $20,000, thus posing the ultimate in liceral “free rider” problems. « J

Public radio data comes from Arik Hesseldahl’s "Public Radic Goes Begging,” a2 March 30, 2001, arricle
n Forbes. The Gnutella study is described in Patti Hartigan’ “Free Riders Whao Don’t Share in the Digital
Community” an August 25, 2000, ardicle for the Boston Globe. The British bicycle caper is reported in The
Times (Londony) article of April 20, 1994, “Thieves Put Spoke in Freewheeling Dream.”
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185




186 PART i1 o EXTERNALITIES AND PUBLIC GOCDS

Can Private Providers Overcome the Free Rider Problem?

The free rider problem does not lead to a complete absence of private provi-
sion of public goods. Many of us grew up in towns where there were private-
ly financed fireworks displays, parks, even garbage collection. Indeed, one of
the most famous counterarguments to the necessity of public provision of
private goods was made for the case of lighthouses. Lighthouses seem to fit
the definition of a pure public good: one ship’s use of the light does not affect
another’, and ships cannot be excluded from seeing the light when they are at
sea. Indeed, for many generations, economists pointed to lighthouses as a clas-
sic example of a public good that would be underprovided by the private sec-
tor. John Stuart Mill was the first to argue that government should build
lighthouses because “it is impossible that the ships at sea which are benefited
by a lighthouse should be made to pay a toll on the occasion of its use” The
great economist Paul Samuelson, in his classic text Economics, agreed that
lighthouse building was “government activity justifiable because of external
effects”

Nonetheless, in a famous 1974 article, Ronald Coase (of Coase'’s theorem)
conducted historical research showing that British lighthouses had been suc-
cesstully provided by private interests long before the government ever took.
over the task. Private individuals, sensing a profitable opportunity, obtained
permission from the government to build lighthouses and then levy tolls at
the ports where the ships anchored. These individuals would determine how
many lighthouses the ship had passed on its route and then charge them
accordingly. Thus lighthouses were successfully provided by the private mar-
ket until 1842, by which point the British government had purchased all pri
vate lighthouses in order to publicly provide this particular good.*

Thus, it appears that the private sector can in some cases combat the free :
rider problem to provide public goods. The previous example of file-sharing
software shows one approach to doing so: charging user fees that are propor-
tional to their valuation of the public good. The following policy application .
shows another example of privately financing public goods through such user
fees—and the problems that such an approach can face.

wi rak?

| AAPPLICATION

Business Improvement Districts

The quality of city streets is another example of a public good. Reesidents all
want clean, safe spaces in which to walk, but it is infeasible to charge pedestri-
ans a fee for using the streets. For this reason, cities use tax revenues to publicly

® These quotations come from Coase (1974), described next,
* According to Coase (1974}, the reason put forth by the government was that government ownership -
would actually lower prices by preventing private owners from inflating prices. Coase then argues that the
government takeover did not, in fact, lower prices.




provide police departments for safety, sanitation departments for cleanliness,
~and public works departments to decorate the public spaces. Unfortunately,
“public provision of these services does not always work eflectively. Take, for
-example, New York City’s Times Square, an area of midtown Manhattan that
by 1980 was infested with muggers, pickpockets, heroin dealers, prostitutes,
and stores selling pornography and various kinds of weapons. The city gov-
ernment spent ten years attempting to clean up Times Square, but eventually
gave up on the area once described as “dirty, dangerous, decrepit and increas-
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e sec- Then, in 1992, a group of local businessmen decided to start a Business
{ build Improvement District (BID), a legal entity that privately provides local securi-
: ty and sanitation services, and funds these services with fees charged to local
businesses. In theory, BIDs should fail because of the free rider problem: each
business will simply hope that other area businesses will pay for the services
from which they all will benefit. The New York law, however, is structured so
that if the BID organizers can get over 60% of the local business community
" 1o agree to join, then the BID can levy fees on all local businesses. In the
Times Square case, 84% of local businesses agreed to pay fees in order to fund
the BID’ services.

~ The Times Square BID has been a resounding success. Now with a budget
2 aver $5 million, the BID has 120 employees, half of whom do sanitation
duties like sweeping, emptying trash cans, and removing graffiti, while the
other half work as unarmed “public safety officers” in conjunction with the
police. Crime has dropped significantly, the area is cleaner and more attractive,
and as a result of these improvements business and tourism are once again
booming. As the head of the BID describes it, “What BIDs are able to do is to
devote an intense effort to a small place that the city itself could never afford.
Its a way of localizing much of the functions of government and concentrat-
ing your community effort.” The BIID’s power to levy fees on local businesses
allows seemingly public goods (safety and cleanliness) to be provided through
private channels.

Whether a BID works well depends strongly on the form of the law allow-
ing BIDs to form in the first place. In Massachusetts, for example, BID laws
allow local businesses to opt out of paying the requited feesawithin 30 days of
approval of the BID by the local government. The opt-out approach discour-
ages businesses from pursuing plans for BIDs because of a fear that, after all
the groundwork for the plans has been laid, businesses will withdraw from the
program at the last minute rather than pay their fee for BID costs. As a result
of the provision, only 2 BIDs have successtully formed in Massachusetts; the
rest of the nation has 1,500 scattered throughout the states.” <
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Kindieherger (1999).
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When Is Private Provision Likely to Overcome

the Free Rider Problem?

While the free rider problem clearly exists, there are also examples where the
private market is able to overcome this problem to some extent. Under what
circumnstances are private market forces ltkely to solve the free rider problem,
and under what circumstances are they not? In this section, we review three
factors that are likely to determine the success of private provision: differences
among individuals in their demand for the public good, altruism among
potential donors to the public good, and utility from one’s own contribution
to the public good.

Some Individuals Care More than Others Private provision is particularly
likely to surmount the free rider problem when individuals are not identical,
and when some individuals have an especially high demand for the public
good. For example, let’s assume that Ben has more income than Jerry, but total
income between the two is constant, so that the social optimum for fireworks
is the same as when their incomes are equal. As we show mathematically in
the appendix, in this case Ben would provide more fireworks than Jerry: if the
income differential is large enough, the total number of privately provided
fireworks rises toward the socially optimal number of fireworks. We obtain a
similar outcome if Ben and Jerry have the same income, but Ben gets more
enjoyment from fireworks; even though they are a public good, Ben will still
provide more of them.

The key intuition here is that the decision about how many fireworks to
provide for any individual is a function of the enjoyment that the individual
gets from total fireworks, net of their cost. If a person gets a lot of enjoyment,
or has a lot of money to finance the fireworks, he will choose to purchase
more fireworks, even though he is sharing the benefits with others: as enjoy-
ment net of costs gets very large for any one individual, the provision of the
public good starts to approximate private good provision.

Consider, for example, a driveway that is shared by a mansion and by a run-

down shack. In principle, there is a free rider problem in plowing the driveway, Labor
since the costs of plowing are borne by one party but both residences benefit of infort
from a clean driveway. Despite tHis, the #insion owner may nevertheless plow in a labo
the driveway, allowing the owner of the shack to free ride, because the mansion markets,
owner has more money and perhaps cares more about having a clear driveway. evidence
Higher incomes or stronger tastes for the public goods can mitigate the free graduate
rider problem to some extent, but they are not likely to solve the problem. lation of
Even when one individual provides all of a publi¢ good, the individual still Never
does not take into account the benefit to other individuals, and so the public vate supg
good is usually still underproduced (as in the appendix’s example). Thus, while tional the
the owner of the mansion may end up plowing the driveway, he may not  increases,
bother to plow as well near the shack as the shack’s owner would like. .good sho
‘Impact (v

Altruism Another reason that private agents may provide more of a public users gro
good than our model would predict is that the model assumes purely selfish others m
utility-maximizing agents. In fact, there is much evidence that individuals are " the coun




- altruistic—that is, they care about the ocutcomes of others as well as them-
selves. If individuals are altruistic, they may be willing to contribute to a pub-
“lic good even if the free rider problem suggests they should not. In terms of
“.our model, this would be equivalent to Ben caring not only about the costs of
- fireworks to himself, but the cost to Jerry as well, so that he is willing to con-
~ tribute more in order to lower Jerry’s burden.

Evidence for altruism comes from laboraiory experiments of the kind that are
typically employed in other fields, such as psychology, but that are gaining
popularity as a means of resolving difficult economic issues. The typical public
- goods experiment proceeds as follows: five college undergraduates are placed
in a room to play ten rounds of a simple game. In each round, the students are
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icularly given $1, and they have the option of keeping that $1 or placing it in a “pub-
entical, lic” fund. After all students decide whether to contribute, the amount in the
public public fund is then doubled (by the economist running the experiment) and

t total divided up evenly among all five students, regardless of whether or not they con-

eworks inibuted. Thus, if all choose to contribute $1 to the fund, they each receive §2
cally in in return. If only 2 contribute to the fund, each of the contributors receives
y:if the 5040 (2 X §2/5 students), while the noncontributors retain their full $1 and
rovided ¢ get the $0.40 from the public fund, for a total of $1.40. In this case, the con-
sbtain a tributors lose money and the noncontributors make money. There 15 thus a
5 more very clear incentive to free ride off the contributions of others, so that econo-

mists predict theoretically that no one should ever contribute to the public
fund. If we start from a point of no contributors, any particular individual
loses money by voluntarily becoming a contributor, so no one should do so.

will still

vorks to
dividual

The experimental evidence shows an outcome that is very different from
that predicted by economic theory. As reviewed in Ledyard (1993), nearly

oyment,
purchase every such public goods experiment results in 30-70% of the participants con-
is enjoy- mibuting to the public fund. Interestingly, in experiments with multiple rournds,

such as the one just described, contributions tend to decline as the rounds
progress, but rarely, if’ ever, reach zero. Thus, altruism appears to trump the
purely selfish prediction that underlies the theory of the free rider problem.

n of the

Wy a run-
d}liiveway, Laboratory experiments, however, suffer from some limirtations as a source
»s benefit of information about real-world behavior. Individuals may behave differently
Jess plow in a laboratory setting, where the stakes are often snfill, thansthey do in actual
. mansion matkets, where the stakes can be higher. Moreover, most of the experimental
Iriveway. evidence used in economics comes from laboratory work with college under-
e the free graduates, which may not provide a representative answer for the entire popu-
problem. lgtion of interest.

- idual still - Nevertheless, some real-world evidence is also consistent with altruism in pri-
he public vate support of public goods. For example, Brunner (1998) noted that the tradi-
hus, while tional theory of public goods suggests that as the numbers of users of a good

may not : Hficreases, the tendency for individuals to contribute to the financing of that
e. ' good should decrease as they feel that their contribution has less and less of an

impact (with only one user, there is no free rider possibility, but as the number of
ers grows, each individuals contribution benefits that person less and less and
hers more and more). Brunner therefore studied public radio stations across
viduals are the country, examining listeners’ contributions in relation to the total size of a
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altruistic When individuals
value the benefits and costs to
others in making their consump-
tion choices.
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social capital The value of
altruistic and communal behay-
ior in society.
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warm glow model Model of
pubiic goods provision in which
individuals care about both the
total amount of the public good
and their particular contribu-
ticns as well.

O A A

given station’s audience. Surprisingly, Brunner found that the number of listen-
ers contributing decreases only modestly as the number of listeners increases, -
and that, among contributors, the amount of the contribution is unchanged.
This seems to suggest that there is a subset of public goods contributors who get
utility simply out of giving what they feel is their appropriate share.

What determines altruism? This is a very difficult question and has given
rise to an entire field of study of social capital, the value of altruistic and
communal behavior in society. A central finding of this field is that individu-
als are likely to be more altruistic when they are more “trusting” of others. For
example, Anderson et al. (2003) ran a typical public goods experiment of the
type described, and paired the results across individuals with both attitudinal
measures of trust (do you agree with statements like “most people can be
trusted”’?) and behavioral measures of trust (do you loan money to friends and
strangers? have you ever been a crime victim? do you purposetfully leave your ' te sec
doors unlocked? and so on). They found that most of the attitudinal and 3
behavioral measures of trust were positively correlated with high contribu-
tions to the public good. In the Bangladeshi trash collection example that
opened this chapter, the few communities that were successful in setting up
private trash collection were those neighborhoods that tended to exhibit
higher levels of “reciprocity” (do you help neighbors after a householder dies?
do you and your neighbors help take each other for visits to the hospital or
doctor?) and “sharing” (do you send your neighbors food during festivals or
other happy occasions? do you and your neighbors share fruits/vegetables
grown Ofl your OWn premises?).

Warm Glow A final reason that private individuals might provide more of the 1. B
public good than suggested by our model is that individuals might care about th
their own contributions per se. Under the warm glow model, individuals 2. T
care about both the total amount of the public good and their particular, con- B
tributions as well. Perhaps they get a plaque with their name on it from mak- 3T
ing contributions, or maybe their contributions are known publicly so that vi
their friends praise them for their generosity, or maybe they get a psychologi-
cal benefit from knowing they helped a worthy cause. If individuals get utility Ir_l _th
from their particular contributions for any reason, the public good becomes provisior
like a private good, and individuals will éontribute more than predicted by mteereI
our original model (in which they care only about the total public good This
quantity). Warm glow does not fully solve the underprovision problem, how- - person
ever, since individuals still do not account for the positive benefits to others of changes
their public goods provision. A he or sh
and Jent
. preferre
. interver
: eatlier a

Public Provision of Public Goods '

The discussion in Section 7.2 highlights that the private sector will generally .
underprovide public goods, so that government can potentially improve efh- .-
ciency by intervening. In principle, the government could solve the optim:




f listen- i public goods provision problem previously presented and then either provide
ncreases, - that amount of the good or mandate private actors to provide that amount.
‘hanged. - In practice, however, governments face some significant barriers when they
who get “attempt to solve the free rider problem in the provision of public goods. In
 this section, we review three of those barriers: private responses to public pro-
1as given " vision, or “crowd-out”’; the difficulty of measuring the costs and benefits of
istic and public goods; and the difficulty of determining the public’s preferences for
ndividu- public goods.

hers. For

at of the . . .
titudinal Private Responses to Public Provision:

e can be The Problem of Crowd-Out

ends and In some instances, public goods will not be provided at all by those in the pri-
ave your vate sector unless the government tells them they must provide the good. In
linal and Bis . other cases, as we noted, the private sector is already providing the public
contribu- - good to some extent before the government intervenes, and this private pro-
nple that 3 vision will react to government intervention. In particular, public provision
gtting up will to some extent crowd out private provision: as the government provides
3 exhibit " more of the public good, the private sector will provide less. This decrease in
Ider dies? private provision will offset the net gain in public provision from government
ospital or - . Intervention.

asstivals or The extent of such crowd-out depends on the preferences of the private
regetables individuals providing the public good. Let’s continue to explore the fireworks
example and make three assumptions:

ore of the 1. Ben and Jerry care only about the total amount of fireworks provided:
are about . . there is no warm glow from giving.

ndividuals . 2. The government provision of fireworks will be financed by charging
-ular con- Ben and Jerry equal amounts.

rom mak- 3. The government provides fewer fireworks than Ben and Jerry were pro-
1y so th’f‘t viding beforehand.

sychologi-
get utility -
1 becomes
=dicted by
iblic good

lem, how-

3 others of

© In this case, as we show mathematically in the appendix, each dollar of public
provision will crowd out private provision one for one. That is, the government’s
‘intervention will have no net effect on the quantity=of firewirks provided.

This outcome illustrates the fundamental robustness of economic equilibria; if a
‘person starts from his or her individual optimum, and the market environment
¢changes, and if the person can undo this change to get back to that optimum,
he or she will do so. The private equilibrium is the preferred outcome for Ben
and Jerry. If they can undo any government intervention to get back to that
referred outcome, they will do so; what was optimal before the government
tervened remains optimal after government intervention given our three

arlier assurnptions.
%  For example, suppose that in the pregovernment optimum, Ben and Jerry

- ere each providing 10 fireworks, at a cost of $10 for each person. The total
Il generally * rivate provision is therefore 20 fireworks, but let’s say the social optimum is
wrove effi- 0 fireworks. To reach the social optimum, the government decides to take $5
e;jich from Ben and from Jerry, and use the $10 raised to buy 10 more fire-
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crowd-out As the government
provides more of a public good,
the private sector will provide
less.
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works. Ben and Jerry each have $5 less, and they observe the government pro- -
viding 10 fireworks. They simply cut their spending on fireworks by $5 each,
so that they spend the same ($5 on fireworks, $5 to the government), and see
the same total fireworks (20}. So they are exactly where they originally want-
ed to be, and the government intervention has done nothing, This is a case of
full crowd-out.

Crowd-out is a classic example of the unintended consequences of gov-
ernment action that we first discussed in Chapter 1. The government intend-
ed to do the right thing by increasing fireworks to the social optimum. But,in
fact, it ended up having no effect, because its actions were totally offset by 4
changes in individual actions. :

Eull crowd-out is rare. Partial crowd-out is much more common and it can
occur in two different cases: when noncontributors to the public good are
taxed to finance provision of the good, and when individuals derive utility
from their own contribution as well as from the total amount of public good.

Contributors vs. Noncontributors Suppose that some people contribute
more for public goods than others, either because they are richer or because
they have a stronger preference for the public good. In the extreme case, sup-
pose that Ben contributes $20 to buy 20 fireworks, and Jerry contributes
nothing, because Ben likes fireworks more than Jerry or because he is richer :
than Jerry. This is still below the social optimum of 30 fireworks, however.
Now, suppose that the government charges Ben and Jerry each $5 for fire-
work contributions and then provides 10 fireworks in an attempt to bring the -
number of fireworks to the socially optimal level of 30. Jerry now spends $5 -
more on fireworks, since he was providing nothing before. Ben, on the other
hand, will not reduce his firework consumption by the full $10 (to offset gov-
ernment provision). Ben has effectively been made better off: there are 10
more fireworks that only cost him $5 in government-mandated contributions, -
rather than the $10 he would have spent if he’d bought those 10 fireworks.
This increase in Ben'’s effective wealth (the value of fireworks plus the value of
other goods he can purchase) has a positive income effect on Ben's purchase of
fireworks, so government intervention will not fully crowd out his spending.

muters
reducec

The total number of fireworks il risgabove 20. By forcing Jerry to become : . The
a contributor, the government has increased total public goods provision. ‘ which
Warm Glow Alternatively, there may not be full crowd-out if [ care about my 5’13::
own contributions per se, as in the warm glow model. If I get atility from my
particular contributions for any reason, then an increase in government con-
tributions will not fully crowd out my giving. For example, consider the How (
extreme case where all I care about is how much I give, and I don’t care about In our
gifts from others. If the government increases contributions from others, these each ir
contributions have no offsetting effects on my giving because my giving is, can the
from my perspective, a private good. In this extreme case, there may be no public
crowd-out of my contributions by government intervention. As long as there private
is some warm glow from my own contributions, then crowd-out will be less the ma
than one for one, since part of my contribution is a private good. “vate gc
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Evidence on Crowd-Out How important a problem is crowd-out in reality?
Unfortanately, the existing evidence on crowd-out is quite mixed. On the
one hand, studies assessing how individual contributions respond to govern-
ment spending suggest very small crowd-out. As the Empirical Evidence box
reviews, however, these studies suffer from many of the bias problems dis-
cussed in Chapter 3. On the other hand, evidence from laboratory experi-
‘ments suggest that crowd-out is large, but less than full. Thus, while there is no
evidence for full crowd-out, there is also no consensus on the size of this
-important individual response to government intervention.

‘Measuring the Costs and Benefits of Public Goods
In the previous theoretical analysis, we assumed that the government could
‘measure both the benefits and costs of providing public goods. In practice, this
is quite difficule. Consider the example of improving a highway in order to
" reduce traffic slowdowns and improve safety. There is a clear free rider prob-
lem in relying on the private sector for this improvement. The benefits of
highway improvement are fairly small for any one driver, although they may
“be quite large for the total set of drivers using the highway. Thus, no one driv-
" er will invest the necessary resources to improve the highway.
* Should the government undertake these highway improvements? That
depends on whether the costs of doing so exceed the sum of the benefits to

vever.
y for fire- - all drivers who use the highway, but measuring these costs and benefits can be
bring the complicated. Consider the costs of the labor needed to repair the highway.
spends $5 ~‘The budgetary cost of this labor 1s the wage payments made by the govern-
the other ment for this labor, but the economic costs can be different. What if, without
fiser gov- this highway project, half of the workers on the project would be unem-
re are 10 ployed? How can the government take into account that it is not only paying
ributions, - wages but also providing a new job opportunity for these workers?

fireworks, There are even more difficult problems facing the government as it tries to
e value of sssess the benefits of the project. What is the value of the time saved for com-
urchase of ruters due to reduced traffic jams? And what is the value to society of the
spending. duced number of deaths if the highway is improved?

.0 become These difficult questions are addressed by the Jfield of, sgest-benefit analysis,
ision. which provides a framework for measuring the costs and benefits of public

fpmjects. Chapter 8 provides a detailed discussion of cost-benefit analysis,
within the context of this highway example.

ment Con-

nsider the - low Can We Measure Preferences for the Public Good?

care about | n our discussion of optimal public goods provision, the government knows
thers, these ach individual’s preferences over private and public goods. The government
7 gving is, an therefore compute for each individual that person’s marginal valuation of
may be no- ublic goods (his ot her marginal rate of substitution of the public for the
ng as there: rivate good), sum these valuations across all individuals, and set this equal to
will be less: he marginal cost of the public good (relative to the marginal cost of the pri-

ate good).
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MEASURING CROWD-QUT

There are a large number of studies that consider how pri-
vate spending on public goods responds to public spending
on the same public goods, A classic example is Kingma's
{1989} study of public radio. Public radio is supported part-
ly by contributions from its listeners and partly by govern-
ment contributions. Kingma collected data on how much
governments contribute to public radie stations in different
cities around the country. He then gathered data on how
much individuats contribute to their public radio stations in
those same cities. He found that for every $1 increase in
government funding, private contributions fell by 13.5¢,
for only a very partial crowd-out. Other studies in this vein
typically also find that crowd-out is fairly small.”

This is an interesting finding, but it potentially suffers
from the bias problems discussed in Chapter 3: there may
be reasons why areas with different government cantribu-
tions to public radic might also have different tastes for
private giving. For example, suppose that governments are
more ahle to support public radio in high-income areas
than in low-income aveas {since the government raises
mare tax revenues in the high-income areas), and that indi-
viduals contribute more to charitable causes (like public
radio} in high-income areas than in low-income areas. Then
high-income and low-income areas are not good treatment
and control groups to use for measuring the effect of gov-
ernment spending on individual giving. Such comparisons
will be biased by the fact that high-income areas would
have given more even in the absence of government inter-
vention. In principle, regression analysis using controls for
" income can correct this bias, but in practice, as discussed
in Chapter 3, controls are typically unahle to fully correct
this type of problem.

The other type of evidence that has been used in this
area comes from laboratory experiments. The classic study
using this approach is Andreoni (1993). He set up an
experiment in which individuals contributed to a public
good in a laboratory setting by contributing tokens they
were given to a common fund. He set up the payoffs for
this experiment so that each player, if acting as a free rider,
should choose to contribute 3 tokens in order to maximize
the players lkely return. This predicted contribution (3
tokens) was close to the level actually chosen by each par-
ticipant {2.78 tokens).®

Andreoni then made the following change to the labora-
tory game: using the same payment schedule, he instituted
a 2-token tax on every player. This tax was then con-
tributed to the public good. This change mirrors the full
earlier crowd-out example, so without warm glow effects,
players should have reduced their contributions by 2 tokens
to 0.78 tokens to offset the government contribution plan.
In fact, however, each player cut his or her contributions
by only 1.43 tokens, so that contributions fell only to 1.35
tokens. That 1s, crowd-out was less than full; each token of

" government contribution crowded out only 0.715 tokens of

private contributions.

This crowd-out estimate is much higher than that
obtained from empirical studies; recall that Kingma's esti-
mate was that a dollar of government contribution weould
crowd out only 0.135 dollars of private contributions. At
the same time, as already noted, laboratory experiments
have their limitations as a source of economic evidence.
Thus, the true extent of crowd-out remains an important
question,

“two chapt

= — > HIGH
® Pure p
In practice, of course, there are at least three problems facing a government consun
trying to turn individual preferences into a decision about public goods provi- any dwz
sion. The first is preference revelation: individuals may not be willing to tell the £00 ti'x‘
. . . ou £
government their true valuation, for example, because the government might F
lic goo
_ ¥ For pu
7 See Steinberg {1991} or Straub (2003) for reviews; Straub even finds that the small Kingma crowd-out is sion 1s |
not significant when using an updated and larger sample. efits aci
8 Andreoni’s subjects did behave very much like free riders, unlike the altruistic cases discussed earlier, per- )
haps because they were economics students who were given dme to study the structure of the game. In one ‘® The pr
public goods experiment, Marwell and Ames {1981) showed that graduate students in economics free ride mal ler |
much more than the general population, contributing only 20% of their tokens compared to 49% for the
other subjects. probler
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charge them more for the good if they say that they value it highly. The sec-

‘ond is preference knowledge: even if individuals are willing to be honest about
 their valuation of a public good, they may not know what their valuation s,
“since they have little experience pricing public goods such as highways or
 this national defense. The third is preference aggregation: how can the government
tudy effectively put together the preferences of millions of citizens in order to
):h?i[l decide on the value of a public project?
they. These difficult problems are addressed by the field of political economy, the
s for study of how governments go about making public policy decisions such as
ider, the appropriate level of public goods. In Chapter 9, we'll discuss the various
mize approaches used by governments to address these problems, and their implica-
n (3 tions for the ability of governments to effectively intervene in problems such
par- as the free rider problem. |
|
bora- ,
tuted . i
con- . '
o full Conclusion
Zi::; A major function of governments at all levels is the provision of public goods.
olan. The potential gains from such government intervention are apparent from
Ltions ‘free rider problems, such as those impeding garbage collection in Bangladesh.
31.35 - In some cases, the private sector can provide public goods, but in general it
ken of -will not achieve the optimal level of provision.
ens of When there are problems with private market provision of public goods,
government intervention can potentially increase efficiency. Whether that
I that potential will be achieved is a function of both the ability of the government
s esti- ‘o appropriately measure the costs and benefits of public projects and the abil-
would ity of the government to carry out the socially efficient decision. In the next
ms. At “two chapters, we investigate those two concerns in detail.
iments
idence.
sortant
oo PHIGHLIGHTS d s
‘ 5 Pure public goods are goods that are nen-rival (my ~ ® In some cases, the private market can overcome the
vernment . consuring or making use of the good does not in free rider problem, at least partially. A solution clos-
yods provi- any way affect your opportunity. to consumne the er to the _socially thimal one is more lil.iely if there
o tell the good) and non—e)t:cludable (even if | want to deny are mdiwdqgls with hligh_ ipcomes or high denjlaljld
;1(:111’. might you the opportunity to consume or access the pub- for the public good, individuals who are alcruistic,

lic good, there is no way I can do so). or individuals who derive a “warm glow” from their

{ For pure public goods, the optimal level of provi- contzibutions.
12 crowd-out is sion is the point at which the sum of marginal ben-  ® Public provision of public goods faces three impor-
- efits across all recipients equals the marginal cost. tant problems: crowding out of private provision;

sed earlier, per-
ne game. In one
1omics free ride,
_to 49% for the

determining the costs and benefits of public proj-
ects; and effectively reflecting the public’s demand
for public goods.

M- The private market is unlikely to provide the opti-
" mal level of public goods due to the free rider
problem.
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» QUESTIONS AND PROBLEMS

1.

»ADVANCED QUESTIONS

11.

PART Il = EXTERNALITIES AMD PUBLIC GOODS

‘We add the demands of private goods horizontally
but add the demands of public goods vertically
when determining the associated marginal benefit
to society. Why de we do this and why are the
procedures different for public and private goods?

. The citizens of Balaland used to pave 120 miles of

roadways per year. After the government of Bala-
land began paving 100 miles of roadways per year
itself, the citizens cutr back their paving to 30
miles per vyear, for a total number of roadway
mules paved per year of only 130 mules. What
might be happening here?

. Bill's demand for hamburgers (a private good) is

Q=20-2Pand Teds demand is Q = 10 - P.

a. Write down an equation for the social margin-
al benefit of the consumption of hamburger
consumption,

b. Now suppose that hamburgers are a public
good. Write down an equation for the social
marginal benefit of hamburger consumption.

. People in my neighborhood pay annual dues to a

neighborhood  association. This  association

refunds neighborhood dues to selected home

owners who do a particularly nice job in beauti-
fving their vards.

a. Why might the neighborhood association pro-
vide this refund?

b. At the most recent home owners’ association
meeting, home owners voted to end this prac-
tice because they felt that it was unfair that
some people would not have to pay their share
of the costs of maintaining the neighborhood.

What is likely to happen to the overall level of

neighborhood beautification? Explain.

5. Zorroland has a large number of people who are

alike in every way. Boppoland has the same
number of people as Zorroland, with the same
average income as Zorroland, but the distribu-
tion of incomes is wider. Why might Boppoland
have a higher level of public good provision than
Zorroland?

6. Think about the rival and excludable properties

of public goods. To what degree is radio broadeast-
ing a public good? To what degree is a highway a
public good?

7. Think of an example of a free rider problem in

your hometown. Can you think of a way for your
local government to overcome this problem?

8. In order to determine the right amount of public

10.

good to provide, the government of West Essex
decides to survey its residents about how much
they value the good. It will then finance the pub-
lic good provision by taxes on residents. Describe
a tax system that would lead residents to under-
report their valuations. Describe an alternative
systern that could lead residents to overreport
their valuations.

9. Why 15 it difficult to empirically determine the

degree to which government spending crowds
out private provision of public goods?

Think back to Chapter 5. Why can the public
good proviston problem be thought of as an
externality problem?

i af?

Suppose ten people each have the demand Q =
20 — 4P for streetlights, and 5 people have the
demand @ = 18 - 2P for streetlights. The cost of
building each streetlight is 3. If it is impossible to
purchase a fractional number of streetights, how
many streetlights are socially optimal?

12,

Andrew, Beth, and Cathy live in Lindhville.
Andrew’s demand for bike paths, a public good, is
given by Q = 12 ~ 2P, Beth’s demand is Q@ = 18 —
P,and Cathy’s is Q = 8 — P/3. The marginal cost of
building a bike path is MC = 21. The town gov-
ernment decides to use the following procedure

13.

14,




for deciding how many paths to build. It asks each
resident how many paths they want, and it builds
the largest number asked for by any resident. To
pay for these paths, it then taxes Andrew, Beth, and
Cathy the prices a, b, and ¢ per path, respectively,
where a + b + ¢ = MC. (The residents know these
tax rates before stating how many paths they want.)

wel of

ho are

same
s same
seribu-
poland
m than

a. If the taxes are set so that each resident shares
the cost evenly {a = b = ¢), how many paths
will get bualt?

. Show that the government can achieve the
. social optimum by setting the correct tax
YPETLIES - prices @, b, and ¢. What prices should it set?
oadeast-

ghway a . The town of Springfield has two residents:

Homer and Bart. The town currently funds its fire
. department solely from the individual contribu-
slem 1n tions of these residents. Each of the two residents
or your . has a utility function over private goods (X) and
m? total firefighters (M), of the form U= 4 X log{X)
+ 2 % log(M). The total provision of firefighters
hired, M, is the sum of the number hired by each
of the two persons: M = My; + Mp. Homer and
Bart both have income of $100, and the price of
both the private good and a firefighter is $1. Thus,
they are limited to providing between 0 and 100
firefighters.

a. How many firefighters are hired if the govern-
ment does not intervene? How many are paid
for by Homer? By Bart?

b. What is the socially optimal number of fire-
fighters? If your answer differs from (a), why?

f public .
st Essex
» much
he pub-
Describe
y under-
ternative
serreport

mine the
z crowds

. The town of Musicville has two residents: Bach
and Mozart. The town currently funds its free
outdoor concert series solely from the individual
contributions of these residents. Fach of the twe
residents has a utility function over private goods
(X) and total concerts (C}, of the form U = 3 X

log(X) + log(C). The total number of concerts

ne public
of as an
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given, C, is the sum of the number paid for by
each of the two persons: C = Cg + Cpr. Bach and
Mozart both have income of 70, and the price of
both the private good and a concert is 1. Thus,
they are limited to providing between 0 and 70
concerts.

a. How many concerts are given if the govern-
ment does not mrervene?

b. Suppose the government is not happy with the
private equilibrium and decides to provide 10
concerts in addition to what Bach and Mozart
may choose to provide on their own. It taxes
Bach and Mozart equally to pay for the new
concerts. What is the new total number of
concerts? How does your answer compare to
(2}? Have we achieved the social optimum?
Why or why fot? .

c. Suppose that instead an anonymous benefactor
pays for 10 concerts. What is the new total
number of concerts? Is this the same level of
provision as in (b)? Why or why not?

15. Consider an economy with three types of indi-
viduals, differing only with respect to their prefer-
ences for monuments., Individuals of the first type
get a fixed benefit of 100 from the mere existence
of monuments, whatever their number. Individu-
als of the second and third type get benefits
according to:

By = 200 + 30M - 1.5M?
BIII = 150 + 90M— 45M2

where M denotes the number of monuments in
the city. Assume that there are 50 people of each
type. Monuments cost $3,600 each to build. How
many monwments should be built?

KT
Yo

The © icon indicates a question that requires students to apply the
empirical economics principles discussed in Chapter 3 and the Empiri-
cal Evidence boxes.
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The Mathematics of Public

Goods Provision

private provision of public goods and discuss how government interven-
tion affects that provision. This analysis uses the tools of game theory, a
method used by economists to solve problems in which multiple parties inter-

act to make a decision.

In this appendix, we present the mathematics behind the analysis of the

Setup of the Example
Imagine that Ben and Jerry live by themselves far away from others. They
choose between consuming a private good, X, with a price of $1 (P, = 1),and
a public good, fireworks, with a price of $1 (Pr = 1). They each have income
of $100. Because fireworks are a public good, the total amount provided is the

sum of the amount provided by each individual: ' = Fig + F ;. Each individual |

(i) has a utility function of the form:
U =2xlog(X) + log(Fs + F))
which he maximizes subject to the budget constraint

X, + F, =100

Private Provision Only
Initially, Ben and Jerry provide”the pulfjm:-’good on their own, with no govern-
ment intervention. A question for modeling private provision is how Ben and
Jerry will behave, given that each knows the other will also provide fireworks.
Game theory models designed to answer questions such as these typically
assume Nash bargaining: each actor solves for his or her optimal strategy given
the other actor’s behavior, and an equilibrium exists if there is a set of muta-
ally compatible optimal strategies. The Nash equilibrium is the point at which
each actor is pursuing his or her optimal strategy, given the other actor’s
behavior.

Combining the equations for the utility function and the budget con-
straint, Ben solves a problem of the form:

Max U = 2 % log{100 — Fg) + log(Fg + F))

-solve |
cof fire
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 Differentiating this expression with respect to Fp, we obtain:
2/(100 — F) + 1/(Fg + F) =0
which we can solve to generate:
(100 — Fg)/(2 % (Fg + Fp)) = 1
and therefore
' Fp = (100 - 2F))/3
“Note the free rider problern implied by this equation: Ben's contribution goes
‘down as Jerry's contribution goes up.
We can solve a similar problem for Jerry:
s of the F; = (100 - 2Fg)/3
fterven- * This yields two equations in two unknowns, which we can combine to
.the_ory, . ~solve for Fy and F;. Doing so, we find that Fg = F; = 20, so the total supply
es nter= of fireworks 1s 40. '
Socially Optimal Level
How does this compare to the socially optimal level of provision? The social
:rs. They - optimum is the quantity at which the sum of the individuals’ marginal rates of
=1),and substicution equals the ratio of prices (which is 1 in this example). Each indi-
= income - vidual's MRS is the ratio of his marginal utility of fireworks to his marginal
ded is the tility of private goods, which we obtain by differentiating the previous utili-
ndividual ty function with respect to fireworks and then again with respect to private
goods. So the optimal amount of fireworks is determined by:
(100 — Fg)/[2 % (Fg + Fp)] + (100 = E)/(2 X (Fg -+ Fp)] =1
Using the fact that total fireworks F = Fg + F, we can rewrite this equation as:
: (200 — F)/2F = 1
Solving this, we obtain F = 66.6. This quantity 15 much higher than the total
provision by the private market, 40, due to the free rider problem. The public
‘ ‘good is underprovided by the private market, il
o govern- :
v Ben and
fireworks. ifferent Types of Individuals
: typig]ly -Suppose now that Ben has an income of 125, while Jerry has an income of
‘egy gven ~only 75. In that case, Ben maximizes:
of mutua- ' '
t at which U= 2 xlog(125 — Fg) + log(Fp + Fj)
1er actor’s o Ben’s demand for fireworks is:
dger con- Fg = (125 — 2F))/3

erry, in this case, maximizes his utility:

U= 2xlog(75 - F)) + log(Fs + Fy)
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So Jerry’s demand for fireworks is:
Fy = (75 - 2Fp)/3

Solving these two equations, we find that Fz = 45 and F; = ~5. Since individ-
uals can’t provide negative fireworks, this means that Jerry provides no fire-

works, and the total supply is 45. This quantity is higher than the private’

quantity supplied when Ben and Jerry have equal incomes. Thus, having one
actor with a higher income leads the outcome to be closer to the social
optimum.

Full Crowd-Out

Suppose the government recognizes that the private sector underprovides
fireworks by a total of 26.6 in the original example. It therefore attempts to

solve this problem by mandating that Ben and Jerry each contribute $13.30 -

toward more fireworks. Will this solve the underprovision problem?

In fact, it will not; such a mandate will simply crowd out existing contribu-
tions. Under the mandate, Both Ben and Jerry now maximize their utility,
which has the form:

Max U= 2 Xlog(X)) + log(Fg + F; + 26.6)
Each maximizes that utility function subject to the budget constraint:
X;+ F,=100-133

Solving this problem as above, we find that the optimal level of fireworks pro-

vision for both Ben and Jerry falls to 6.7 each, so that total provision (public of -
26.6 plus private of 13.4) remains at 40, By reducing their provision to 6.7,

Ben and Jerry can return to the private solution that they find to be optimal,
which is total spending of $20 each, and a total of 40 fireworks. As 'discus‘sed
in the chapter, however, full crowd-out is only one of a range of possible out-
comes when government provides a good that is also provided by the private
SECtOL.
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