__ Sustainable
> Development

he path to development followed by today’s advanced economies was fueled
by technologies intensive in their use of energy and natural resources and pro-
digious in their production of environmental pollutants. Is this the same path
today’s poor countries must follow? What are the potential conflicts between
development and the environment? According to scientist Jared Diamond, the
potential consequences of such a conflict include nothing short of societal collapse.'
Citing both ancient and recent examples, Diamond argues that unintended eco-
logical suicide (“ecocide”) was a primary cause of the demise of major civilizations
throughout history, ranging from the Maya to the Vikings to modern-day states like

Somalia and Rwanda. Diamond elaborates,
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toxic chemicals in the environment, energy shortages, and full human utilization

of the Earth's photosynthetic capacity.®

Concerns about the Earth’s ability to support Cﬂm_il-‘ued huma'il development
date back at least to the eighteenth century. In 1735, Brm-sh B alnd‘ demog-
rapher Thomas Malthus, in his famous Essay on .Ihe Principle of ITGP“ ation, pre-
dicted that continued population growth would bring the world to cl-lsaster. Malthuf
based his analysis on two premises: “That food is necessary to the existence of man,
to which Malthus applied the assumption that the production of food wnu}d grow
arithmetically, and “That the passion between the sexes is necessary and will likely
remain nearly in its present state,” from which Malthus extrapolated that population
would grow geometrically.* He concluded “The power of population is so superior to
the power of the Earth to produce subsistence for man, that premature death must in
some shape or other visit the human race.”

Some recent thinking has echoed Malthus. In 1972, the Club of Rome published
The Limits to Growth, a report by a team of analysts based at the Massachusetts Insti-
tute of Technology. This study predicts that “If the present growth trends in world
population, industrialization, pollution, food production, and resource depletion
continue unchanged, the limits to growth on this planet will be reached sometime
within the next 100 years” Among other projections, the report suggests that, based
on then-current reserves, the world would exhaust its supply of oil by 1992,

While these and other dire predictions have so far proved false, the question of
whether today’s developing countries can (or should) follow a historical develop-
ment path similar to that followed by today’s advanced countries, with potentially
serious environmental impacts, remains valid. The depletion of both renewable and
nonrenewable resources, especially fossil fuels, and the threat of environmental dam-
age pose challenges on a scale unimaginable in the time of Malthus. Concern over
the sustainability of economic development and growth has exp
global climate change. Scientists point to increasin
greenhouse gases such as carbon dioxide (CO

surface temperatures by trapping solar radiati

cuss in the final section of this chapter, the potential negative consequences of global

warming for development are immense. Various forecasts indicate potential reduc-
tions of grain yields of up to 50 percent in Africa
mal species, increased disease

anded to emphasize
g atmospheric concentrations of
2)» which may dangerously raise global
onin the earth’s atmosphere. As we dis-
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dynamic. One important mediating variab]e is tech
of “premature death” for the human race, he exclud

hange in agriculture would bo s .
;opu?ation ithh.‘ Technical :hS;rI:;ZTII:; zlfzcl:l;g] lttlng.fmd supplies to outpace
e efficiency with which we us
renewable and nonrenewable resources as well as the level of enyi i
age caused. Increased automobile fuel efficiency and the mor Enmmn:f i
of electric cars are only two among many examples of how t he r eclent SR
reduce environmental impacts. Our assumpti e g
. ptions about the role and pace of techni-
cal change are critical in shaping our conclusions about whether economic growth is
good or bad for the environment.

The relationship between levels of pollution and levels of income is generally
thought to follow an inverted-U shape, with pollution rising as income increases
from low levels but falling once income passes some intermediate level. Because
this inverted-U pattern is similar to the relationship between inequality and national
income famously posited by economist Simon Kuznets (introduced in Chapter 6),
this empirical relationship between pollution and national income is called the envi-
ronmental Kuznets curve. This relationship is depicted in Figure 20-1 as the “con-
ventional EKC” Economist Susmita Dasgupta and colleagues describe the basic

Intuition underlying this relationship,

In the first stage of industrialization, pollution in the ... world growst rapidly
because people are more interested in jobs and income than clean air anld 1t.rater,
communities are too poor to pay for abatement, and environmental regulation

: i ‘ ingi strial
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FIGURE 20-1 Potential Paths for the Environmental Kuznets Curve (EKC)

Source: “Confronting the Environmental Kuznets Curve,” by Smita Dasgupta, Benoit Laplante, Hua Wang, and
David Wheeler. Journal of Economic Perspectives, Vol. 16, No. 1, Winter 2002: 147-168, p. 148. Reprinted by
permission of the American Economic Association.

Dasgupta notes, however, that estimates of the conventional environmental
Kuznets curve have been criticized as misleading snapshots of a dynamic process.
If, for example, free trade and globalization create a “race to the bottom’; as coun-
tries compete by lowering their environmental standards, then
ply flatten out (as depicted in Figure 20-1). Or if income growth a
merely create new environmental hazards, it's possible that
Kuznets curve could rise over time (the “new toxics” path). Conve
colleagues cite recent and more optimistic evidence that

the curve may sim-
nd industrialization

rsely, Dasgupta and
the environmental Kuznets
€ss polluting and the turn-
he “revised EKC”). Thus the
feémains a subject of debate,

levels in most of the developing
e “revised” EKC,

countries to follow the inverted-
the bottom” Or even T i - S



qutomatically reduced pollution, we would h
un, and policy makers could focys exclusiy

mists), skeptical about the environmental

Kuznets curve, poses this choice more starkly, asserting
’

because we are rapidly advancing along this non-sy
environmental problems will get resolved,

lifetimes of the f:hildren and young adults alive today. The only question is
whether they will become resolved in pleasant ways of our own choice, or in

unpleasant ways not of our choice, such as warfare, genocide, starvation, disease
epidemics, and collapse of societies,*

stainable course, the world’s
In one way or another, within the

The first step in assessing the sustainability of development lies in defining what
we mean by sustainability and thinking about how to measure it. How will we rec-

ognize sustainable development when we see it? What is it in particular that is to be
sustained?

CONCEPT AND MEASUREMENT OF SUSTAINABLE

B DEVELOPMENT

Among the myriad academic and popular definitions of sustainable development,
the most widely cited is that of the World Commission on Environment and Develop-
ment (commonly known as the Brundtland Commission, 1987), which defined it as
"development that meets the needs of the present without compromising the abil-
ity of future generations to meet their own needs”” While highlighting the notion of

intergenerational equity, the Brundtland Commission’s concept of sustainable devel-

n L. il mn
d in particular fails to define “needs.” For instance, “needs
e of only a bare minimum standard

e than such a low standard for our

°Pment remains vague, an
Might be interpreted to require the maintenanc

*tliving, though most of us might hope for mor | 4
“hildren, The Brundtland Commission’s definition is also vague with respect to the

1Uestion of what it means for future generations to meet their needs. This conczpt
Coulq imply that the well-being of future generations remains above 5011111; (.un :;
"ed) minimum standard, that future well-being be equal 10 PO

-being of the
At each generation’s well-being be equal to or greatet than the :;ellj ecoﬁomis '
revious generation. Recent discussions of sustainable development Dy

fve, 498.
lel;a Fﬂli::;;iﬁu Our Common Future (Oxford: Oxford Univer-
eve :

d report).
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intergenerational well-

which
have tended to define a sustainable path as one along

being does not decline.

' nerations not
Operationalizing the standard that the well-being of future ge

) eans of measuring it.
decline requires a clear definition of well-being and SUH}T m_ness it
For instance, in Chapter 2 we addressed the question of happl

!

‘ ' ically ti
well-being, with the paradoxical finding that happiness 1S not monotonically tied to

i level of develop-
income. In practice, economists often use income as a proxy for the p

ment. For the purpose of measuring the potential well-beintg of flilture generatlﬂn?,
however, we need to expand that concept to equate well-being mtl} the ecunnnfys
wealth. Economists have shown that the only way for intergenerational We“‘bmflg
not to decline is for per capita wealth not to decline. Non-declining wealth per capita
requires that the growth rate of wealth be greater than or equal to the growth rate of
population.? But what do we mean by wealth?

This concept of sustainable development requires a broad concept of wealth.
Economics Nobel Laureate Kenneth Arrow and colleagues define wealth as “the social
worth of an economy’s entire productive base. Because the productive base consists
of the entire range of factors that determine intergenerational well-being, we . . . refer
to wealth as comprehensive wealth!”* Comprehensive wealth (also referred to as total
wealth) is made up of produced capital (buildings, roads, machinery and equip-
ment), natural capital (minerals and fossil fuels, forests, agricultural land, and pro-
tected areas), and intangible capital (a broad category that includes human, social,
and institutional capital)." Comprehensive wealth differs from the more familiar
concept of gross domestic product (GDP) in a critical way that highlights the con-
cept of sustainability: GDP includes, besides the production of goods and services,
the value of asset liquidation as part of national output. When Chile or Zambia mine

etion of this natural resource counts toward each nation’s

' he depletion of natural resources may not be sustainable.
This type of resource use diminishes comprehensive wealth

Measuring the different categori

‘ . This is a special problem in th
tal for which markets are often missin

natural resource, the majority of which

€ Case of natural capi-
8- Water is an example of a vital and limited

IS used as an input for agriculture. Often there

growth rate of wealth, then wealth PEr capita declines - Population growth rate exceeds the

Kenneth J. Arrow Partha Das
) ' sUpta, Lawrence H, Gould "
Sustainabilj , ; : ®%, Kevin ). Mumif ' ’
G o n}f and the Measurement of Wealth” National Bureau of Ec¢ : s IS —
» Lambridge, MA: NBER, December 2010 p.2 e escsrch WORE Cape
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orld _
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is N0 WEll-dzﬁtllflleedf;l;?lf;it fDr'water use. Yet, dep]etion of water resources is a major
concern ﬁfl s O price water t'n reflect its opportunity cost may exacerbate
this depletloni L e Tngf;rﬂﬂused by air and water pollution, including the damage
(o human hea tf' I?I*:l sfo ilicult to value precisely. Various ecosystem services (such
as the supply of wild foods, cultural and recreational uses, and the aesthetic value
of natural landscapes) also ::then lack market prices and are difficult to incorporate
explicitly 1D wealth accounting. The same is true for such public goods as biodiver-
sity and carbon storage. In part because of even more severe challenges to measure-
ment, intangible capital is typically measured as a residual, the difference between
total wealth and the sum of produced and natural capital. Total wealth is calculated
25 the present value of future consumption that is sustainable. In making these esti-
mates, the World Bank applies a discount rate of 1.5 percent over a period of 25 years.
This calculation of total wealth is thus independent of the value of the three forms of
capital, allowing intangible capital to be calculated as the residual.

Table 20-1 provides wealth and per capita wealth data for different country
groups in 1995 and 2005. Global wealth between these years increased by 34 per-
cent. Over that same period, global population increased by 17 percent, resulting in
a 17 percent increase in global wealth per capita. The largest absolute increases in
per capita wealth were in the high-income nations, but every income group expe-
rienced gains. Table 20-1 also provides insights into both the composition of total

wealth and changes in that composition as a function of income level. Intangible

capital makes up the largest category of wealth at all levels of income and in both

years. Yet there is a clear pattern of change In the composition of total wealth: low-
income countries rely substantially on natural capital compared with high-income
countries, with most of the difference lying in the relative proportions of intangible

capital. This cross-sectional pattern is also apparent over time, as increased wealth in
ciated with a shift in the composition of total wealth

sing reliance on natural capital
tructural transformation Intro-

the low-income countries is asso
from natural capital to intangible capital. This decrea

a5 a component of total wealth is consistent with the s
o 1 nt on
duced in Chapter 16. Thus, notes @ world Bank study, “For countries depende

i " er forms of wealth
Nonrenewable natural capital, transforming natural capital to oth

isthe path to sustainable development.™ to have large endowments of
FGI’ many developing countl'iES fOI‘tl.lI'latf;‘ en(;(ugi_otransformaﬁﬂn that threat-

n s v : ; to make this
Atural resources, it is precisely the failure ovides a prime example

T
°Ns the sustainability of their development paths. Nigeria P

: ' in the late
: _ .. 1 aconomy since the discovery
logr Problem. Oil has dominated B £ iounting for nearly all of its export rev-

ac :
’ .+ has financed much of its

vn this nﬂnrenewable resource.

relative to 1ts potential because it has
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g depleted its endowment of natural resource

accordingly, In addition to other oj
| : il exporters,
such countries as the Democratic Republic of the Congo, Zambia, and Zi)rcnpbabwe

have all fai]ei to develop to ‘ihE potential available through their natural resource
gndowment:s. In contr?st, diamond-rich Botswana has been among the world’s
fastest-growing economies. Mexico and Peru have also succeeded in transforming
natural capital into manufactured capital.

The tradeoffs are somewhat more complicated for countries in which the natu-
ral capital endowment is based on renewable resources, such as forest land. In these
cases, property rights and other supporting institutions can play important roles in
limiting harvests to sustainable levels. Deforestation in the Amazon exemplifies the
overexploitation of a renewable natural resource. In this, and many other cases, the
overutilization of renewable resources happens because the lack of market prices for
such resources often leads them to be undervalued and threatened. The reliance of
low-income countries on natural capital comes with the risk that the depletion of nat-
ural capital may cause permanent losses of biodiversity and other ecosystem services.

SAVING FOR A SUSTAINABLE FUTURE

Comprehensive wealth defines the current generation’s well-being and constrains
the well-being of future generations. A sustainable path of development (a p.ath along
Which the well-being of each generation is at least equal to that of the previous gen-
eration) requires the creation of wealth at a rate at least equal to the rate ::,nf popula-
tion growth. Wealth creation results from savings and investment over time. From
One period to the next, the increase in comprehensive wealt"h equals .ad]ulsted-net
Saving (ANS), sometimes called genuine saving, defined as Bross lrlit::fniaia:;f
adjusted for the annual changes in the volume of all forms off capita a.vin e( ey
*Ure countries’ ANS by starting with the familiar Cﬂflcel?t .U grisasitil reqiirer: saving
Is Simply total income minus total consumption. Maintaining w

Hartwick rule is equivalent to
uSDEciﬁca"}, the portion of the rents that should be invested untti:a; :::E e i ook
¥ dEPTECiatjm; of the capital stock, a proportion that approaches

Pro : exports for
ErESSWElF Aeplatd. . ted with countries’ reliance On natural resource exp
_ Chapter 18 discusses the pitfalls associat€ | s
“II rade strategy, The only theoretical difference be

of Nations, P- 37.

vings is that the former includes capital gains
a

l.'n 'e World Bank, The Changing Wealth ¢ d net s
© Increase jpy comprehensive wealth and adjuste

ich ans : ts).
Which ar ise from changes in the real price of assets)
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isti ndard national accounting,
sufficiently to offset depreciation of existing assets. In sta

: ross saving minus
this idea is captured by measuring net saving (NS), defined as g 8

the depreciation of made capital (D,,):
NS=S- D, [20-1]

But focusing on depreciation of only made capital is too limited, anc? II; p;n;czl.ple] the
concept should be expanded to include depreciation of natural capital (D, ,fmc uc%-
ing the depletion of energy stocks, dwindling mineral assets, and damage from air
pollution. This gives rise to the measurement of ANS:

ANS = S — Dm — D” [20-2]

This corrected definition of net saving suggests that, if enough is saved each year to
cover the depreciation of both made and natural capital, the economy can sustain

its wealth and its level of consumption. In principle, this idea could be extended to
include other assets as well, including human capital, knowledge, and social assets.
However, measurement difficulties and lack of data make this extension difficult in
practice, so we restrict our discussion here to made and natural capital. We can inter-
pret ANS as an indicator of sustainability of an economy’s development path. If ANS
is declining (particularly if it is declining over consecutive years), this indicates that
the economy’s path is unsustainable, that it’s depleting the productive base on which

the welfare of future generations depends. Because some forms of capital are

inevi-
tably excluded from the calculation of ANS, its

interpretation in practice requires

Susana Ferreira, Kirk Hamilton, and
Jeffrey Vincent has shown that ANS does predic

t future economic performance in a
Cross section of countries, but only if ANS is adjusted to account for the depletion of
natural resources.'s

“Susana Ferreira, Kirk Hamilto

n, and Jeffrey Vincent, “ ;
n: Accounting for Population Grov + Comprehensiye Wealth and Future Consump-

vth,” World Banj Economic Review 22, ng, 2 (2008), 233-48
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FIGURE 20-2 Adjusted Net Saving for Developing Regions, 1970-2008

Data exclude particulate emission damage.
Source: World Bank, “World Development Indicators,” http:Hdntabank.wurldbanknrg.

of sustainability to incorporate the effects of popula-

analysis of ANS as an indicator
th the case of Ghana, where ANS was posi-

tion growth, illustrating these concepts Wi

tive while ANS per capita was negative.

To summarize, the concept of sustainable development has been defined in
numerous ways; yet the most popular definition, that of the Brundtland Commission,
highlights the requirement that consumption by today’s generation must be accom-
Panied by sufficient conservation of resources SO as not to reduce the consump-

tion potential of future generations. knowing whether we are m

fequires clear definitions and speciﬁc metrics. Economists eff_nrt? to measure the
ve focused on net saving as an indicator of whether

Sustainability of development ha ding or contracting the putential cre-
re - is e andin
source use by the current generation o . —ived. While some coun-

ation of wealth by future generatio otential wealth of future

tries and regions have succeed ing their resource base.

Benerations, others have been C : o llowing unsustainable development trajec-
e

These latter regions thus appear t0 Jepletion of natural ~esources and environ-
" : e B . -
tories. In many cases, the unsustainabl suI:t ¢ market failure: The following section
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Mental damage through pollu
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cept.
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Y ' ROWTH 0N
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is a concept that we can us€ to measure sustainabil-
IS

ANS tracks changes in a country's comprehensive
sing from one generation

Adjusted net savings (ANS)

‘ | t
ity. As developed in the text,
wealth. Sustainability requires that wealth be nondecrea:[ i
to the next; yet from a welfare perspective, wealth must be i

If the population is growing, then maintaining per capita We’*:tz :; a:i?:;izt
level requires that comprehensive wealth grows at the same r . i:; tpbe Sus-.
From this perspective, it is entirely possible that development wcfu - n .
tainable in the per capita sense, even if comprehensive wealth is lncreasmg. In
other words, a negative rate of ANS reduces both total and per capita w'ealth;
yet the converse is not necessarily true—a positive rate of ANS need not imply
increases in wealth per capita. Some countries may add to their total wealth but
not enough to compensate for population growth. To determine whether the
rate of ANS is sufficient to increase wealth per capita, we must adjust that rate
to take account of population growth. This requires subtracting from ANS the
amount by which ANS must increase each year simply to keep up with popula-
tion growth—the so-called Malthusian term. If the remaining difference is posi-
tive, then wealth per capita increases. If the remaining difference between actual
ANS and the amount of ANS needed to maintain per capita wealth is negative,
then wealth per capita decreases. This difference is the adjusted net saving
gap. As a percent of gross national income, this saving gap tells us how much
the rate of ANS would need to increase to keep wealth per capita constant over
time.

Ghana provides an example of a country in which comprehensive wealth grew
absolutely but fell per capita. Measuring saving and wealth in per capita terms
requires a small modification to the accounting framework developed in the
Chapter. Because most of what we termed intan
capital (and is thus reflected in the po '

capital from our calculation of comprehensive wealth

. | Per Capita to avoid double
counting (now that population enters the formula directly). For lack of data, we
also exclude the value of carbon emissio ,

NS per capit :
AANS P Pita from our calculation of

gible capital consists of human

cent. The left-hangd column of the

into its subcategories, The right-ha tion of adiusted
net savings, subtracting the consumpt; - POSIION Gl Byjusss
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$34 = —$18. Stated differently, the
. growth rate of Ghana's total wealth
3 | was
$f1 6/$Qv?ti2-|-h- 0.8 percent which was less than the 1.7 percent rate of popula-
tion growtn. 1nis suggests an unsustainable long-run trajectory for Ghana.

Iangible wealth ($ per capita) Adjusted net saving

Subsoil assets 65 Gross national saving 40
Timber resources 290 Education expenditure 7
Non-timber torest resources 76 Consumption of fixed capital 19
Protected areas 7 Energy depletion 0
Cropland 855 Mineral depletion 4
Pastureland 43 Net forest depletion 8
Produced capital 686

Total tangible wealth 2,022  Adjusted net saving 16
Population growth 1.7% A Wealth per capita —18

Source: Table 5.1 from The International Bank for Reconstruction and Development. The World
Bank: Where is the Wealth of Nations? Measuring Capital for the 21st Century, 2006. Reprinted with

permission.

MARKET FAILURES

The term market failure describes situations in which market prices deviate from
scarcity values and individuals and companies make decisions that maximize their
own profits but cause losses for others and society as a whole. A cen'tral them; of th};s
chapter is that, within a single country, correcting those market failures and estab-
efficient markets can be among the most powerful and
. ironmental deg-
effective mechanisms to promote efficient resource 2= :duhci; n:q rj[l?ﬂsitinn mf}’
first blush, that pr

fadation, a hable development. At _

» and generate sustains i degradation often
Seem counterintuitive. The point, hoWeven e enﬂfﬂnme“:;‘L fu?l costs of their
OCcurs hecause market participants S SpemRE ascm:'zttiuced in a factory may
ACtions on the environment. For example, prices of Bﬂﬂr St ;’d P

i : .- nollution genera - :

0tinclude the costs to society of the air p' corporating these costs into market deci-

. : : n :
n‘lent policies and interventions aimed at1 A —ork better, and bring
oty help improve envirﬂnmental outcomes, M

brﬂﬂder benefits to society.

lishing properly working,
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: xternalities—costs
Prominent among the market failures affe'.'ctlf.lg- resources are ©

borne by the population at large but not by individual Pmi:l::‘;;;i lb)e'frfetsnt]l;z:
accrue to society but cannot be captured by pmducers-(see ” radationigf —
important externalities are those caused by the depletion or dg mrTre lllra
resources, including the environment. If resources are depl.ett;: da 1';.1 aster 't an
they can be replenished or substituted by human-made C?'Eip.lta 3 evelopment will be
unsustainable, either nationally or globally. If markets fail in thl'S fundamental W-ay,
how can they promote sustainable development? To resolve this -apparent conflict,
we first need to analyze in greater depth the reason that markets fail to allocate natu-

ral resources efficiently.

EXTERNALITIES AND THE COMMONS

During the eighteenth century, as the Industrial Revolution began in England, cows
still grazed on the commons of many villages in England and its American colonies.
The essence of a village commons was open access, free of charge, to any member
of the village. The first villagers to take advantage of open access had ample grazing
for their livestock; their only cost was the time it would take to herd their animals to
the commons, allow them to graze, and herd them home. But the amount of land was
fixed and soil fertility and climate limited the quantity of grass. As more villagers used
the commons, the grass became sparse, so the animals took longer to feed or, in the
case of open rangeland, herders were forced to travel farther to find forage, so that
everyone's costs rose. The rising average cost to each herder eventually discouraged
grazing on the commons. But the new entrants did not have to pay compensation

tor the rising costs imposed on each of the previous entrants and more grazing took
place than was in the interests of the village as a whole. Eventually,
Incorporated the full cost of their grazing into their decisions,
the commons as a useful source of feed for everyone,

The dilemma of the commons

limited resource to which access is

because no one
overgrazing destroyed

d many other tropical countries. Open

access to fishing grounds in the N '
0 ] i '
rth Atlantic, in Peru’s Pacific waters, and in some

inland lakes in Africa has alread
y depleted fish stock fe - e I-
ate. Free use of water from a stream benefits T achats wbilfiy e e

upland farmer first access
to the wat Is, who have first a

| el:, at _tl}e E{cpense of downstream tarmers, who get Je Even traffic
congestion in cities like Bangkok, Mexico Ci 5 5 WaIE

4 common property: City streets,
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€ a clean environment. When lumber

they destroy the habit
' _ at of plant and animal spe-
cies that are of value to others, Including local populations that may harvest thim

i}:ai:;::;z;:;l;iz:l:; :;:Tigl;z :iile: th":'m- Defore*station in the tropics signif-
ceuticals or industrial products as well T;]natmg e opdr Gk

- P . They also may alter local climates, change
patterns of water availability to surrounding farmers, and cause soil erosion. When
we include the environment as a common resource, then much private activity gen-
erates external costs and market failure becomes a very general phenomenon. On
a grand scale, we might think of the earth’s entire atmosphere as a commons beset
by the negative externality of greenhouse gas emissions, resulting in global climate
change.

External costs and benefits are at the core of the common resource problem. A
new producer creates higher costs for all previous entrants or all producers impose
external costs on the general population. In either case, in the absence of regulation,
taxes, or property rights for environmental quality, external costs are not borne by the
producers who cause them and the prices of their products do not reflect the social

costs of production. Thus more of these resource-depleting or -polluting goods and
nsumed than would be the case if prices reflected exter-

han their people would choose if markets

companies cut down a rain forest,

services are produced and co
nal costs. Hence societies pollute more t
reflected all social costs.

Figure 20-3 shows this process. In a market with competitive producers, the sup-

ply curve S represents private marginal COSts, PM'C. Market equilibrium occurs liat
Price P, with output Q. But, if this is a polluting industry, the {:{Eer;al ;?::ls(,er:]z:h:
the social marginal cost, SM C, higher. If these costs were reﬂectel d 1;18 r:du;ed n; -
Price would jump to P, and dJemand, and therefore outpl:ltrt:ﬂu e PP env‘ig-:
Asless of the offending product is groWr! or manufactured, there

fonmental degradation.

Designing responses to pr
d
We mean by the commons, MOI€ formally referre

(CPRs). CPRs have two characterisics: . 1:§;:1w of that resource for use by oth-
them, ang duces the av%
r use by one person €

arlier depend more specif-
rs. Potential solutions to the tyPe® of PrObIEI_nS nntei;;ﬂ;;;ﬂ gf the problems of
iCa]ly on the nature of property rights governing the ;

ccess regimes, where there
CPRs arise when property rights are defined as open 4

ons requires a closer look at what
to as common-pool resources
It to exclude anyone from using

oblems of the comm
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FIGURE 20-3 External Diseconomies

Polluters impose costs on others. If these external costs were reflected in the firms’ costs, the
social marginal cost curve (SMC) would prevail, the market price would be P,, and output
would be Q,. But because the firms do not bear these costs, their private marginal cost curve
(PMC) is lower, so more of the polluting product (Q,) is produced and consumed.

are no property rights at all. Yet, other CPRs may be characterized by the existence
of group property rights, individual (or firm) property rights,
erty rights. In such settings, tragedies of the commons are not inevitable. Economics
Tﬂobel Prize winner Elinor Ostrom shows that a wide range of institutions. for govern-
ing and managing CPRs can, and have, evolved for CPRs that are not sim f open
dccess resources. Farmer-managed irrigation Systems in Nepal are . any
examples of locally determined rules for conserving natural resou?:eesm(])l:t?ogr:ln and

Oor government prop-

in which national governments facilitate | l | tou Tesgurce; and seliy
i oca . :
impose rules from outside the compyn OTganization (rather than attempt t0

lt}’) 18
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on private users, regulate access to common reso

dies) that reflect ti:xternalicosts (or benefits), and issue tradable access rights. There is
also recent experience with informal regulation by local communities in the absence
of formal government regulation, We discyss each of these options in turn.

urces, impose taxes (or pay subsi-

PROPERTY RIGHTS

Common properties generate external costs because no one owns or controls the
right to exploit them. For some resources, a simple solution would be to confer own-
ership, which economists call property rights, on a single individual or company.
As long as the owner is a profit-maximizer and sells output in a competitive market,
the socially optimal outcome is achieved without further government intervention.
Property rights, to be effective, must be exclusive and well defined, leaving no doubt
to the owners and possible competing claimants about what has been conferred and
to whom. Rights need to be secure, so that the risk of loss through legal challenge
or expropriation is reduced and enforceable through the judicial system. Ownership
must be valid over a long-enough horizon that the owners have a stake in the lcfng_
term, sustainable exploitation of the resource. Longevity c-onverts the 1:es:.:}urce u:no
an asset for the producer, who can reap the benefits from investments in iImproving
and sustaining its productivity. And the rights must be transferable, so -the owner can
realize the benefits of the resource asset by selling th‘e PTOI;E”Y :ii;{fbt;?:é —

The implications of clearly assigned property nght-st ?{ru?ald Coase. The Coase
abatement were formalized in 1960 DY Nobel econﬂ(?: ; articular, zero transaction
theorem posits that under certain (-:ircumStzﬂ‘-:; E n:]ng in free markets to attain
Costs), clear assignment of property rights leads barg

e theorem also suggests
Optimal] | lities. It is important that the LCe8 ights.”” A
T L —— | :ric allocation of those property rights.

that this result is independent of the SPE 1d be a situation in which an upstream
. u C
Stylized example of the Coase theorem CO | - downstream and destroys
[acmfy dumpf effluent waste into a river, which theneﬂf‘::;Zw 1 the fisherman, this
. : on if oi factory or
2 fishery. When the river itself bel gests that if e{tlller the fa r}ih
Negative externality persists: Th .+ free bargaining between the
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GOVERNMENT REGULATION

As an alternative to conveying private property rights, . .
act as the owners of common resources and directly regulate their use. Overnments

can limit the quantity of a hunter’s kill, a fisher's catch, a lo:gger's haul,.a rancher’s
herd, or a polluter’s emissions. And they can regulate the kfnd? Df Bql{lp L
can or must be used: Some kinds of fishing nets, boats, or navigation equipment haye
been banned; hunters may be restricted in their choice of weapons; polluters are
required to install equipment that scrubs gas emissions and treats wastewater,
Quantity regulations raise two issues. First, how do the regulators know the opti-
mal levels of access and output? If property rights can be conveyed, efficient outcomes
are approached through market forces and no government judgments are needed.
But if regulation replaces the market, regulators need to estimate the characteristics
of both producers’ costs and users’ demand for the products of a common resource.
To get a sense of these information requirements, consider the regulation of air pol-
lution. The external costs of pollution are manifest in the reduced welfare of others:
poor health, unsightly environment, lower property values, fewer and more expensive
recreational possibilities, and possibly reduced productivity and income. If these COSts
could be measured, they would be depicted by a curve such as marginal external cost
(MEC) in Figure 20-4, which shows the marginal external cost of pollution (measured

the costs of pollution are higher

governments themselves cgp,

g MEC
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FIGURE 20p-4 Optimal Leve] of Pollution
The rflarginal external cost
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in effect, that the MEC curve shoy)g

tion in pollution (a movement to the

the cost to society from pollution or.
benefit of abatement.

H'OWEVET: there is a cost to abating pollution. The polluting fj
chemical plant, can reduce its effluents ej =
installing abatement equipment such as
or reducing output. The marginal cost of ah

marginal abatement costs, At any point along
est-cost method of abatement.

lution), MAC rises because it b

be shifted up. Whereve
left on the horizonta]

€quivalently, an increa

ritis located, any reduc-
axis) means a reduction in
s€ In the marginal external

. rm, say, a petro-
er by changing its production process,

' MAC, the cost shown is that of the low-
Moving from right (high pollution) to left (lower pol-

| ecomes increasingly costly to clean up air or water the
stricter are the standards or the lower the level of contamination

recognize that these costs of ab
also are costs to society

. It 1s important to
atement, although borne by the petrochemical firm,
because they involve either less consumption of petrochemi-
cals or savings spent on abatement that otherwise might have been spent on invest-

ment in other goods or services people want. These abatement costs thus have equal
weight to the benefits gained by reducing pollution.

Society’s (and government’s) aim should be to minimize the combined costs of
pollution and its abatement. This is achieved at Q* in Figure 20-4, where MEC = MAC.
At this point Q; — Q* of pollution has been abated (assuming for convenience that

Q, is the maximum amount of pollution), and Q* of pollution remains. Because these
are marginal cost curves, the total external cost of pollution is the area E under MEC

from 0 to Q*. And the total cost of abatement is given by the shaded area A under
the MAC curve between Q* and Q. With less pollution, such as Q,, the marginal
abatement cost exceeds the marginal external cost of pollution and the total cost of
additional abatement, the area of the trapezoid Q,Q*BC, exceeds the net gail:u _frurn
reduced pollution, Q,Q*BD. If more pollution is permitted, such ?5 Qéi;he additional
external cost, Q*Q,EB, exceeds the reduced cost of abatement, Q*Q,GB.

Therefore, society is better off with some pollution than with Hote, l?ecause al?at-
ing the last u;lit of pollution is expensive relative to its benefits. Similarly, society
. ation of natural resources, even nonrenewable ones. But how

‘ ; ' ' ow what it

do the regulators, who wish to achieve this optimal level of En:}ll'utu:mJr knfuncﬁﬂn -

, ution, as a
' xternal costs of po ;
*tTo find ¢, they have to knoW TP ' iti these estimates of
the levels ogc::.ntqyminants in the air, water, and soil. In add";ﬂn m;_ i s g

‘ : r estima
direct economic costs, finding Q requires having d method [0

’

i er, and soil. The costs
People pl . -onmental amenities such as clean mnfwat : tﬂ T S
ace on envi _ a o ih
In so :C substantial. A recent collection of studies irom
me cases are :

: 18
. Middle East and North Africa.
Mate the costs of enviranmental degradation 111 the Midd]

20-2, these costs are
sour
As summarized by country and by re

gains from some exploit

ion
ce category In Table

dation: Case Studies from the
~ wironmental Degra
The Cost of Envir

llLEﬂﬂ Croitoru and hiﬂriﬂ Sﬂrrafr eds., o ‘“fﬂ]"ld Bﬂnkl‘ 2{]10)-

Middle East and North Africa (Washingtor
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' i dN
TABLE 20-2 Cost of Environmental Degradation in the Middle East and North

Africa (percent GDP)

ALGERIA EGYPT LEBANON MOROCCO SYRIA TUNISIA

1.0 1.3 0.6
Air pollution 1.0 2.1 1.0 &
Lack of access to 0.8 1.0 1.1 1.2 : 0.6
water supply and |
sanitation
Land degradation 1.2 1.2 0.6 0.4 1.0 0.5
Coastal zone 0.6 0.3 0.7 0.5 0.1 0.3 I
degradation
Waste manage- 0.1 0.2 0.1 0.5 0.1 0.1 |
ment
Subtotal 3.6 4.8 3.4 3.7 3.3 75
Global environ- 12 0.6 0.5 0.9 1.3 0.6
ment (CO
emissions
Total 4.8 5.4 3.9 4.6 4.6 2.7 l

GPD, gross domestic product.

Source: Leila Croitoru and Maria Sarraf, eds., The Cost of Environmental Degradation: Case Studies
from the Middle East and North Africa (Washington, DC: World Bank, 2010).

estimated to range from approximately 3 percent to 5 percent of GDP. Various studies
of the cost of environmental degradation in China suggest a figure up to 13 percent of
GDP. Such studies, however, confront a range of limitations (data in particular), and

their results are generally not directly comparable (due to the use of differing meth-
odologies). Their results are best interpreted as providing orders of magnitude.

In the absence of precise cost estimates, regulators must set somewhat arbitrary
standards based on studies estimating the impact of pollutants on human health,

animal survival, forest die back (from acid rain) and regeneration, and presumed cli-
mate changes.

TAXES, SUBSIDIES, AND PAYMENTS FOR
ENVIRONMENTAL SERVICES

A third option is that, in principle, the government also could achieve optimal ratés

of resource use by imposing taxes that reduce the incentive for producers to use com”

mon properties or manufacture polluting products. A tax might be imposed on out-

put that represents the external costs of production, so that the private marginal cost
schedule shifts up to equal the social marginal cost schedule.” This might take the

“In Figure 20-3, the tax would shift the PMC schedule up to coincide with the SMC schedule.
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th
€ Costs of both pollution and traffic

5 & fﬂ 1 L. "
iion of the good with external costs, If th It, the incentive is to reduce produ
- H1 the tax can be levied on the ext l‘p N
ernality itself,

there is an adfﬂitional incentive to invest in reduyci
unllthz quabntlty of pl::nllutants would give p ethhzrgn‘i’z:f;:l costs. For example, a tax
ollution, because the : nts an 1 i

Ead limited success (a:;{ :'z: ;S rE_duced, n general, attempts to t:;c::ltlll:rfa::sal:}:x:

sl il i ie:s) succe?s in high-income countries than in devel-

st e aS d Mnmtur.ing is difficult (and expensive), charge

o gt pela , an ‘ tax avoidance can be relatively easy. Malaysia
on taxes in the 1970s, and China now operates the world'’s

largest pollution t ;
gestp ax system, though its effectiveness is disputed.” Box 20-2 :
efforts to tax water pollution in Colombia A S

=
/ BOX 20-2 TAXING WATER POLLUTION IN COLOMBIA

Until the mid-1990s, Colombia's efforts to curb water pollution had relied
+ional command-and-control approach in which regional

environmental regulatory authorities were responsible for issuing permits for
the discharge of wastewater. These permits were intended to limit the quan-
tity of discharges and to require that they meet specific effluent standards.

These regional regulatory quthorities, known as CARS (which stands for Cor-
»nales), had issued permits 10 less than one third

in their monitoring and enforcement of

exclusively on a trad

discharge standards.
Beginning in 1997, Colombia trie
tion based on economic incentives, @ PEf unit tax of p

mentation of this tax was specified I Decree 901, |
first produce inventories of al tacilities discharging wastewater and then set five-
year pollution reduction goals for each water basin in their jurisdiction. The CARs

fee determined

would then set tax rates per unit ed on @ miﬂi@?q .
by the Ministry of Environment, and t facilities’ discharges on a

'egular basis.
Implementation of this water
mentation was uneven across

proach to reducing water pollu-
ollution emitted. The imple-
which directed that CARs

d a new ap

f effluent bas
hen monitor the

ered several barriers. Imple-

ax encount
e of Colombia’s 33 CARs

polluﬁon t |
CARs, with only nif

Natural Wealth: Environment and Develop-

Managing

Mnhamed Ali,
he Future, 2005).

F. i
leffrey R. Vincent and Rozali
urces for 1

Meny :
e Malaysia (Washington, DC: Reso
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iti than half the

Ifilling all of the program requirements by 2003. In addataoln, less
;L:Jllutir?g facilities :rere actually charged the tax, and cogzt;[;m N;’::Csi f:r:e’:::se
facilities averaged only 27 percent between 1997 and -k. . p n g's::
authorities were particularly reluctant to pay their taxe.s, sparking Tmp: r; 50
unfairness by private firms. Implementation of the pollution tax wa's also hindered
by confusion surrounding the continued existence of the previous command-

and-control system of permits. B | .
Despite these impediments, a number of Colombia's water basins achieved

significant reductions in wastewater discharges. The exjten’F jfo which this
achievement can be attributed to the discharge fee program is difficult to assess,
The confusion lies in the fact that before 1997, nearly all of the CARs lacked
the regulatory and enforcement capacity necessary to effectively implement any
pollution reduction program. Once charged with the added responsibilities of cre-
ating inventories of polluting facilities and developing monitoring systems (with
substantial technical support from the Ministry of Environment), the CARS' abil-
ity to enforce the old emissions standards was also enhanced. The discharge
fee system was more transparent than the previous approach, requiring regular
reporting by the CARs. In addition, the new fee system created economic incen-

tives for better performance by the CARs themselves, which were allowed to
keep fee revenues.

Source: Allen Blackman, *Incentives to Control Water Pollution in Developing Countries, How Well

Has Colombia's Wastewater Discharge Fee Program Worked and Why? Resources (Spring 2006)
[Resources for the Future, Washington, DC].

Taxes that internalize external costs have two
lation. First, they allow the producer to chogse th
common resource so that rents are not dissipated

Important advantages over regu-
€ method of reducing access to a
in wasteful expenditures forced by

- Some externalities are positive. Positive
cial benefits that are external to the firm.
W technologies that spill over into other
health or training for workers, or the pol-

€xternal to the fi : : M an apiary, Because these benefits are
rm, marginal social benefits exceed marginal private benefits, and
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Ciaries of environmental services pay
mple, PES could be made to farmers to

cultural expansion. The buyers of envi-
ronmental services might be the actual users of the services (for instance, a producer

of hydroelectric power might pay upstream land users to conserve water). In other
Instances, governments (or even international financial institutions such as the World
Bank) might pay providers for environmental services on behalf of users of those
services.” Examples of user-financed PES programs are payments for watershed ser-
vices in Pimampiro, Ecuador; payments for biodiversity and watershed services in
Los Negros, Bolivia; and payments for carbon sequestration in Ecuador. Examples of
government-financed PES programs are China's Sloping Land Conservation Program,
Mexico'’s Payments for Hydrological Environmental Services program, and Snut-h Afri-
ca's Working for Water program.? PES programs exemplify practical efforts to imple-
ment the Coase theorem, as do the idea of marketable permits to pollute.

potential providers of those services. In this exa
induce them not to destroy forest land for agri

MARKETABLE PERMITS

' ] issuing mar-
A fourth intervention is to create a property right where none exists by issuing

‘ rvest a common resource up to
ket i ' e holders the right to ha '
-a (o Ponill fpwiiog pollute the environment up to speci-

« idea recognizes that zero pollution is usually not

1 pollute or exploit resources, thi hieving that goal. These permits may be
1 .

Optimal because of the costs involved in ac

i
E [} »

< in Theory and Practice,” p. 666.
no Pagiola, “Payments for

[Special ed.] 65,

"Cited in Stefanie Engel, Stefano Pagiola, a?t
Services in Theory and Practice: An Overview 0

' | Service
::Engﬂl et al,, Designing Payments for Enwrunmen:lmfﬂniu i b
“These programs are reviewed in gven Wunder,

" i~al Economics
d Countries, Ecological
En’-’irnnmental Services in Developing and Develope ount

10.4 (May 2008), 663-852.
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FIGURE 20-5 Marketable Permits to Pollute

The marginal cost of abatement (MAC) schedule shows the demand for pollution rights, If
rights are issued to pollute up to Q,, these are worth P, to polluters, but the public places a

value of P; on reducing pollution. This could be the basis for a bargain to reduce pollution to
the optimal level, 2.

MEC, marginal external cost.

the most efficient way to reduce pollution and resource overuse,

has been a major innovation of the past decade. The U.S. sulfur
scheme relies on tradable rights,

stocks by assigning fishing rights
their quotas freely.

and this approach

dioxide reduction
and both Iceland and New Zealand revived fishing

at a sustainable level and allowing fishers to trade

ment for all firms in the market,
MAC schedule (moving from right to left) shows

“This figure is adapted from David W. pe

arce and R. Ker Turner
the Environment (Baltimore: Johns Hopkins . ’

Economics of Natural Resources and
Press, 1990), 319-20,
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. S, W :
forces 1s @ MOIe€ recent Phenomengn market *bl — olicy dependence on market
’ able permits h
ave been less common,

though are increasing in frequency* Examples ar
in Chile (beginning in 1991) and South Africg (4 © ransferable quotas for fisheries
e eginning i : :
mented an auctioning system for bus permits in ifuﬂlrum_g In '1997). Chile also imple-
S Capital city, Santiago, starting in
_ mission of t :
jates (TSP) from stationary sources in Santiago the follows W mp Siided pasticu:
7sP trading program found it to have had limited T -,
L . Imited success due to several problems
with 1ts lmple?entanon.”‘-ﬁ One problem was that the enabling law itself was vague
in re‘ga-rfi to the wa?r that permits would be allocated across firms. The program
also initially overestimated the emissions target, which was subsequently reduced.
By issuing permits totaling too high a level of emissions, effectiveness was limited.
Effectiveness was further limited by the long period of time acquired for approval by
the government for the sale of pollution permits between firms. These technical and
institutional impediments to implementing Chile’s marketable permit program indi-
cate the challenges facing countries that choose this approach.

INFORMAL REGULATION

Informal regulation of pollution does not rely on traditional government-generated
regulation. In place of formal regulation, such programs often rely on the public
disclosure of information about firms’ and factories’ environmental performance
to local stake holders (for instance people living near a factory or a firm's custom-
ers). Potential benefits of informal regulation are its low cost and its lack of reliance
on formal regulatory institutions. These characteristics malfe informal' regulation of
pollution especially attractive In developing countries, which are typically short of

both funds and highly evolved regulatory institutions. Public disclosure potentially
empowers communities to pressure polluters to improve their environmental perfor-

mance. The effects of such pressure might operate direct!y on the ﬁlrmdor indirecttg
if increased community awareness of the problem and 1ts sc‘::urc'e lea S tzaire;en
demand for formal intervention. In some circumstances, ]Z'IUI;II;)] dj;:rc);llr; -
bring pressure from capital markets for firms to alter their behaviok

' emissions data to rate
“Vironmental performance), and programd S Plﬂntst I;st 20 countries with
tvironmental performance.” Chile and Mexico are among a

And several other developing countries.

i1 Developing Countries: Evidence from Air

5 (2010), 145-70. |
nment & Development 15]. nﬂpn&utiun Control Policies In Developing

Pullut. . -
Ion in Chile” [ of EnVIro

20
5 F“'r an excellent survey, S€€ Al nomics and policy 4, N°:
Untries” Review of Enuirﬂnmenmf Eco
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' environmental regula-
The effectiveness of public disclosure types of mformai o prdeaeps
iotics that may O
ion, i i d on characteristics .
tion, in practice, may depen PN
dev;loping countries. For instance, in the absence of a credible

: ion. ddition, capi-

al regulation, informal regulation may have. less traction. In a m, c:
faeln;f:rrlzts mg;l have little leverage in settings d}:}mlnated by sr:mll t;rfl';;l wflrt:e]htt.le
reliance on outside investors. Further, information does not ?way o 3(;1 .ln
every country. Despite these contingencies, reviev:.rs of the .effectl:lfen-ess ?r hpu 1;;[ is-
closure programs have found them to be effective In L:Bdm:mg pollution. - ese eftects
tend to be greater in cases in which the initial violations were the most flagrant. Yet,

to date, rigorous evidence of successful ratings programs comes only from Indonesia,
the Philippines, Vietnam, and China.”

POLICY FAILURES

Although some government intervention is necessary to correct for the market fail-
ures associated with natural resources, it is equally true that, all over the world,
government policies frequently contribute to wasteful use of resources and the deg-
radation of the environment. Too much intervention or intervention of the wrong
kind can be just as costly as too little intervention. We have seen that, when produc-
tion has external costs, one approach is to internalize those costs by raising produc-
tion costs through taxing output or granting marketable property rights. But, instead,
governments commonly subsidize or otherwise reduce the costs the production of
commodities that degrade natural resources and often compromise property rights
in ways that encourage rapacious exploitation. Examples are not hard to find.
Forestry policy has been especially destructive in many tropical countries. For
many years Brazil subsidized ranching and other activities that encroached on the
Amazon rain forest. Through at least the first five years of the twenty-first century, the
area deforested each year in the Brazilian Amazon was equivalent in size to the stateé
of New Jersey. Approximately two thirds of the deforested land in Brazil in recent

decades has been used for cattle ranches, and most of the remaining third has been

cleared for subsistence farming. More recently, commercial agriculture has also been

an Important source of deforestation in Brazil. Tax policies favorable to pasture land
encouraged deforestation. Brazil has reformed some of these environmentally harm-

ful tax incentives and stepped up efforts to regulate deforestation. At the end of 2010,
the government of Brazil

-~y _ announced that the rate of deforestation in the Amazon
Or the previous year was 67 percent lower than the average rate of deforestation for

the period 1996-2005. Time will tell if this improved trend proves durable. Box 20-3
describes the policy failures underlying the rapid rate of deforestation in Indonesia.

“Blackman, “Alternative P i icies i :
ollution Control Policies in Developing Countries,” pp. 241-42.
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Over the course of the twentieth centyry
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Beginning in the 1970s, government policy in Indonesia supported the expan-
sion of the timber processing industry by restricting the export of raw timber.
This depressed domestic timber prices, thus subsidizing timber processors. The
resulting overcapacity stimulated the demand for raw timber, much of it logged
llegally. Government-subsidized loans to the timber processing industry height-
ened these incentives.

Substantial tracts of forest were also clearcut to create space for large oil
palm plantations. This process accelerated during the 1990s and is cited as

having contributed to the massive forest fires of 1997-98. In addition, the gov-

ernment was promoting migration from densely populated Java to the outer

islands and cleared additional forest land to accommodate the migrants’ farming

activities.
The government was also inefficient in

sector. By law, the government was SUppose
area harvested and the number of units harves
for replanting the harvested areas. In
mated to be between 24 and 36 per

resulting in substantial windfal profits il
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