Prepared for thelandbook of Development Economics, Vpedited by Dani Rodrik and Mark
Rosenzweig (Amsterdam: North Holland), forthcomi2@09.

The Place of Naturein Economic Development*

by

Partha Dasgupta**

University of Cambridge
and
University of Manchester

Revised: January, 2009

* In preparing this article | have drawn on my Yiam Memorial Lecture at Peking University,
2005; Bingham Lecture at the Research Trianglatumst(Durham, NC), 2006; the Annual
Distinguished Speakers Lecture at the Asian Dewedrh Bank (Manila), 2007; the Wrigley
Lecture at Arizona State University (Tempe), 2087 the John Kenneth Galbraith Lecture at
the American Agricultural Economics Association Aah Conference (Portland, Oregon),
2007. My understanding of ecological and develogneeonomics has been much influenced
over the years by discussions with Toke Aidt, Kenfgrow, Scott Barrett, William ("Buzz")
Brock, William Clark, Gretchen Daily, Anantha Dwppah, Paul Ehrlich, Kirk Hamilton,
Rashid Hassan, Sriya lyer, Robert Kates, Pramilshkan, Karl-Géran Maéaler, Pranab
Mukhopadhyay, Subhrendu Pattanayak, Charles PsyriRgbert Scholes, Ismail Serageldin,
Priya Shyamsundar, V. Kerry Smith, E. Somanathaff, \dacent, and the many scholars
associated with the Beijer Institute of EcologiEabnomics and the South Asian Network for
Development and Environmental Economics (SANDEE)ovare too numerous to name
individually. In preparing this paper | have betesfienormously from the editorial comments
of Dani Rodrik.

** The author is the Frank Ramsey Professor of Bouns at the University of Cambridge;
Fellow of St John's College, Cambridge; and Professd&nvironmental and Development
Economics at the University of Manchester. E-mddrass: partha.dasgupta@econ.cam.ac.uk



Table of Themes
Nature in Economics
1 Natural Capital and Economic Development
2 Natural Capital and Development Economics
3 Types of Natural Capital
4 Contents
Externalities
5 Unidirectional Externalities: Exports and Wedltlansfers
5.1 Quantifying Externalities
5.2 Internalizing Externalities
6 Reciprocal Externalities: Common Property Reseri(€CPRS)
6.1 Why CPRs?
6.2 The Importance of CPRs
6.3 The Good News about CPRs
6.4 The Bad News about CPRs
Valuation, Evaluation, and Sustainable Development
7 Inadequacies in GDP
8 Valuing Goods and Services
8.1 Defining Shadow Prices
8.2 Estimating Shadow Prices
9 Social Well-Being and Comprehensive Wealth
9.1 A Unifying Model
9.2 The Welfare Significance of Net Domestic Paddu
10 Comprehensive Investment and Sustainable Davelop
10.1 The Basic Theory
10.2 Global Public Goods
10.3 An Application
11 Evaluating Policy Reforms
11.1 Social Cost-Benefit Analysis
11.2 Evaluating Projects in Practice
12 Discounting Climate Change
12.1 Global Activism Now or Later?
12.2 Negative Discount Rates
12.3 The Welfare Economics of Climate Change
12.4 Social Aversions to Inequality and Risk
12.5 Climate Treaties



13 Conclusions
Appendix
A.1 Economic Perturbation as Movement Through Tighestainable Development
A.1.1 The Formal Analysis
A.1.2 Accounting for Population Growth
A.2 Policy Evaluation
References
Table



Naturein Economics

Are humanity's dealings with nature sustainablé®ufl one expect the global
economic growth that has been experienced ovempdse five decades to continue in the
foreseeable future? Should we be confident thawledne and human skills will increase in
such ways as to lessen our reliance on naturdahore to humanity's growing numbers and
rising economic activity?

Contemporary discussions on these questions areseeral decades old. If they have
remained alive and continue to be shrill, it isdaese two opposing empirical perspectives shape
them. On the one hand, if we look at specific edasyf natural capital (aquifers, ocean
fisheries, tropical forests, the atmosphere asfaonasink - orecosystemgenerally), there is
convincing evidence that at the rates at which weeatly exploit them they are very likely to
change character dramatically for the worse, title advance notice. Indeed many ecosystems
have already collapsed, with short noticdassan et al. (2005) and Carpenter et al. (2005),
which contain the first two sets of technical rep@ccompanying the Millennium Ecosystem
Assessment (M.E.A., 2003), found that some 15 duhe® 24 major ecosystem services that
were examined for the Assessment are either alreldyaded or currently subject to
unsustainable use. On the other hand, if we stigtgrital trends in the prices of marketed
resources, or improvements in life expectancyyowth in recorded incomes in regions that are
currently rich and in those that are on the wapdooming rich, resource scarcities wouldn't
appear to have bitten. Suppose you were to poithitetdroubled nations of sub-Saharan Africa
and suggest that resource scarcities are acute tihésy. Those with the former perspective
(ecologists generally) will tell you that it is l@ese people in the world's poorest regions face
acute resource scarcities relative to their numtieas they are so poor, while those with the
latter perspective (economists usually) will infogou that people there experience serious
resource scarcities because they are poor. Wheertexgisagree over such a fundamental
matter as the direction of causation, there ig litt go on.

Those conflicting intuitions are also not unraiete an intellectual tension between the
concerns people share about carbon emissions ahdhats that sweep across regions, nations
and continents, and about declines in firewoodwaatgr sources that are specific to the needs
and concerns of the poor in small, village commesitThat is why "environmental problems"
present themselves in different ways to differesdpgie. Some identify environmental problems
with population growth, while others identify themth wrong sorts of economic growth. There

! An "ecosystem" is a complex of the a-biotic enmiment and plant, animal, fungi, and
microorganism communities, interacting as a fumatianit. Humans are an integral part of ecosystems
M.E.A. (2003) Hassan et al. (2005), Reid et al.0O80 and Brauman et al. (2007) offer excellent
accounts of the role ecosystems play in econofeic li



are those who see environmental problems as urbllutipn in emerging economies, while
others view them through the spectacle of pov&tyne interpret “sustainable development” as
sustainable development of the global economy,embihers see it in terms of development
prospects of a village in sub-Saharan Africa. Egdhose visions is correct. There is no single
environmental problem; there is a large collectdbrihem (Ehrlich and Ehrlich, 1981, 1990;
Dasgupta, 1993, 2001a; Sachs, 2008).

Growth in industrial and agricultural pollutantsash accompanied economic
development; and in industrialized countries neigreventive nor curative measures have kept
pace with their production. That neglect is nownpireent in the rapidly growing regions in
China, India, Mexico, and Brazil. Moreover, thelsaz the human enterprise, both by virtue of
unprecedented increases in the size of the waidghalation and the level of economic activity,
has so stretched the capabilities of ecosystenas, ibimankind is today Earth's dominant
species. During the 20th century world populatioewgby a factor of four (to more than 6
billion) and world output by 14, industrial outpatreased by a multiple of 40 and the use of
energy by 16, methane-producing cattle populati@wgn pace with human population, fish
catch increased by a multiple of 35, and carbonsafghur dioxide emissions by more than 10.
The application of nitrogen to the terrestrial @rmment from the use of fertilizers, fossil fuels,
and leguminous crops is now at least as greataadrthm all natural sources combined. In a
notable work Vitousek et al. (1986) estimated #@% of the 45-60 billion metric tons of
carbon that are harnessed annually by terrestiatogynthesis (net primary production of the
biosphere) is currently being appropriated for hamse. To be sure, this is a rough estimate;
still, the figure puts the scale of the human preseon the planet in perspective (see also
Vitousek et al., 1997; Daily and Ellison, 2002; MAE 2003; Hassan et al., 2005; Carpenter et
al., 2005; Ehrlich and Ehrlich, 2008).

On the other hand, economic growth itself has d¢mmowvith it improvements in the
guality of a number of environmental resources. [Hnge-scale availability of potable water
and the increased protection of human populatigasat both water- and air-borne diseases in
industrial countries have come with the economiswjn those countries have enjoyed over the
past 200 years. Moreover, the physical environnmesitde the home has improved beyond
measure. Cooking in South Asia continues to benralecause of respiratory illnesses among
women. Growth in scientific knowledge, investmentpublic infrastructure, and universal
education in advanced industrial countries havenmé#aat citizens there have far greater
knowledge of environmental hazards than their aaparts in poor regions and have the
resources to avoid them. Such positive links batwesonomic growth and environmental
guality often go unacknowledged by environmentglisthe West.

1 Natural Capital and Economic Development



Despite the conflicting intuitions, most economigtould appear to be convinced that
technological advances and the accumulation ofodemible capital and growth in human
capital can overcome diminutions in natural capi@therwise it is hard to explain why
twentieth-century economics has been so detachadtire environmental sciences. Judging by
the profession's writings, we economists see natunen we see it at all, as a backdrop from
which resources and services can be drawn in igolalacroeconomic forecasts routinely
exclude natural capital, and accounting for natifr& comes into the calculus at all, is an
afterthought to the real business of "doing ecowmsinWhen asked, economists acknowledge
nature's existence, but many deny she is worth mublave heard professional colleagues
remark at seminars that the services nature prevadeount at best to 2-3% of an economy's
output, which is the share of agriculture in thesgrdomestic product (GDP) of the United
States. Why, they ask, should one incorporate igatasset of negligible importance in macro-
economic models of growth and distribution?

Typically it is assumed in growth models that natis a fixed, indestructible factor of
production (Ricardo's "land®.The problem with the assumption is that it is vgronature
consists of degradable resources. Agricultural ldoksts, watersheds, fisheries, fresh water
sources, estuaries, the atmosphere - more generatigystems - are resource stocks that are
regenerative but suffer from depletion or deterioration whereyt are over-used. (I am
excluding oil and natural gas, which are at theiting end of self-regenerative resources.)
Moreover, the environmental sciences tell us thegt élasticity of substitution between
reproducible capital and human capital, on the lear@, and vital forms of natural capital, on
the other, is less than one (Ehrlich and Gould@§72 It may have been understandable of
economists to assume that nature doesn't needdoumed at a time when natural resources
were abundant relative to the demand that was roadeem, but it isn't understandable in
models of development possibilities open to theldvéoday. The stance taken in modern
growth models is questionable also because propgtiis to natural capital are often either
vaguely defined or weakly enforced (Sections 54i6)plying that nature's services are
underpriced in the market. Official statistics aational income certainly give the impression
that natural capital is of small importance; butcad! statistics are built on market prices, not
shadow prices. Studies of local ecosystems sudigasif shadow prices were to be used in
economic statistics, the decomposition of nationebme into its various components would
look quite different. For example, Repetto et 4889) and Vincent et al. (1997) estimated the
decline in forest cover in Indonesia and Malaysespectively, and found that when

% Barro and Sala-i-Martin (2003), Helpman (2004)J dine survey articles in Aghion and Durlauf
(2005) provide excellent examples.



depreciation is included, national accounts theok lquite different: net saving rates are some
20-30% lower than recorded rates. In their worktlom depreciation of natural resources in
Costa Rica, Solorzano et al. (1991) found thatiq@eciation of three resources (forests, soll,
and fisheries) amounted to about 10% of GDP andattard of capital accumulation.

Distortions in the pricing of primary factors ofoguction filter down to influence
research and development. The latter in turn infles the character of technological change.
Because nature's services are underpriced in thk&emannovators have little reason to
economize on their use. We shouldn't be surprideeshwew technologies are rapacious in the
use of natural capital.

Modern growth theories ignore every layer of theessource allocation failures. Recent
concerns over global climate change and the growoagcity of fresh water in the world's
poorest regions are perhaps the first acknowledgeraemong mainstream development
economists and international development ageneigs, Stern, 2006; UNDP, 2006, 2007/08)
that at the scales at which the world economy le&s loperating for some time, nature is in
many aspects fragile.

In any case we should be sceptical of a theorgcohomic progress that places such
enormous burden on an experience not much more2b@ryears old. Extrapolation into the
past is a sobering exercise: over the long habistbry (a 5000 years stretch, say, up-to about
250 years ago), economic growth even in the cuyreich regions was for most of the time not
much above zero. The study of possible feedbagbsl@®tween poverty, population growth,
and the character and performance of both humétuirens and natural capital is not common
currency in modern growth models. That is probablyy environmental- and resource-
economics, orecological economicdor short, remains isolated from the main body of
contemporary economic thinking.

Evidence of that isolation has been provided isgl, even if unintentionally, by Kim
et al. (2006), who identified what has matteredhtg® economics profession since 1970, by
surveying 41 of the most prominent refereed ecoosiournals. In his Plenary Lecture in 2007
at the Annual Conference of the European Assodatbd Environmental and Resource
Economists, Ehrlich (2008: p.16) observed thatfdlewing words appeared neither in Kim et
al. (2006), nor in the titles of the top 146 adgxl(500 cites or more) in those 41 journals:
"abatement, aquifer, ..., biotic, ..., carrying &afy, climate, ..., ecosystem, ..., fertility, ést,

..., pollution, population, poverty, ..., solil, toxic, ..., warming, and water."
2 Natural Capital and Development Economics

Official development economics reflects the résiwo discipline, in that it too neglects
nature's place in economic development. The nelgleks odd to ecologists, who are trained to
study the slow processes that influence long-teeweldpment possibilities. A seemingly



natural retort to ecologists is that people coms& &nd that, after all, current poverty should
matter most. There are two problems with the pmsitirst, the future has a habit of becoming
the present. Secondly, extreme poverty is frequastociated with a degraded environment.

It could be that economists neglect nature becthigsservices it provides are judged to
be luxury goods, as in the view expressed in prentimewspapers that "economic growth is
good for the environment because countries negdttpoverty behind them in order to care,”
(The Independend December 1999), or that "... trade improvesetn@ronment, because it
raises incomes, and the richer people are, the mitling they are to devote resources to
cleaning up their living space,Tije Economist4 December, 1999). But in the poor world
natural capital is not only an amenity, it is adsprimary factor of production. Often it's a basic
need (see World Resources Institute, 2005, forodafjlsummary). In an early publication,
Falconer (1990) recorded the major significancén@hor" forest products among the poor in
the humid forest zone of West Africa. She also ié®o the many different ways people there
have coped with a decline in their access to tippsducts. Perrings (2000) is an exceptional
study of the role that biodiversity plays in theek of the poor in agro-pastoral sub-Saharan
Africa. The author also records the decline in vexsity in recent decades and looks for its
causes. In a carefully designed study in the reasfoof Chiapas, Mexico, Lopez-Feldman and
Wilen (2008) found that non-timber products there extracted mainly by the poor. They
attribute that in part to the fact that extractiovolves search and that the opportunity cost of
time (relative to the value of non-timber productshe extractor) is low among the poor.

Hassan et al. (2005) is the most comprehensidy studate on the state of the local
natural-resource base in poor regions. The stedierm that the world's poorest people (some
620 million in number) live in especially fragilatural environments. When wetlands, inland
and coastal fisheries, woodlands, forests, estjaridage ponds, aquifers, and grazing fields
are damaged (owing to agricultural encroachmemtogen overload, urban extensions, the
construction of large dams, resource usurpatioth@state, open access, or whatever), it is the
rural poor who suffer most. Frequently, there aceatternative sources of livelihood. In
contrast, for rich eco-tourists or importers ofnpary products, there is something else, often
somewhere else; which means that there are alig¥sat

There may be a second reason why economists lemlected natural capital. Public
concerns over environmental problems are often ptedhby large-scale disasters, such as
nuclear leakage, storms, and floods. The envirotethenpacts of large undertakings (big dams
and irrigation systems) also catch the public &s shouldn't surprise. Big impacts of "single”
incidents are directly visible. So they provoke [pubutcry and elicit a response. In contrast, the
slow, shifting processes that characterize hum#umraanteractions aren't easy to detect by
outsiders; at least, not unless and until a thidsisoreached and a catastrophe occurs. Of



course, in the poor world small-scale disastersiroalt the time, it's only that they aren't visible
to outsiders. But large numbers of small-scalestigsa can over time add up to greater human
losses than a small number of large-scale catémssofempirical evidence collected over the
past two decades confirms an earlier intuition thedl poverty and environmental degradation
in poor countries is in large measure caused bgethastitutional failures whose deleterious
effects accumulate slowly over time (Dasgupta, 18&Hetto, 1988; Hassan et al., 2005).

Up-to now, even growth in the atmospheric conegioin of carbon dioxide has affected
economic outcomes very slowly. But as the evidenggests, the process characterising global
climate change is remorseless and in all probgltibirbours any number of tipping points for
the future (Lenton et al., 2008). Although interoiaél development agencies (e.g., UNDP,
2007/8) are now acknowledging the costs that peopiee tropics are likely to face owing to
climate change, their concerns have been largelytabe efficacy of an international "cap-and-
trade" system and the assistance rich nations dogbive poor countries in order to meet
climate change. They are legitimate concerns, tbbgseéms to me in order to identify good
policies one needs to examine the pathways by wieckple may get trapped in poverty when
development prescriptions ignore natural capitahtTequires analysis, not rhetoric.

The systematic neglect of ecology in developmennemics should be puzzling. 65-
75% of people in the world's poorest regions limerural areas. Mention agricultural land,
threshing grounds, grazing fields, village tankd @onds, woodlands and forests, rivers and
streams, coastal fisheries, mangroves, or coréd,raad the importance of thecal natural-
resource base to the rural poor becomes self-dvittea pioneering study, the (Indian) Centre
for Science and Environment (C.S.E., 1990) recotllat] of the total number of hours worked
by villagers in a micro-watershed in the centrambliayas in India, 30% was devoted to
cultivation, 20% to fodder collection, and abou¥@2®&as spread evenly between fuel collection,
animal care, and grazing. Some 20% of time wastspehousehold chores, of which cooking
took up the greatest portion, and the remainingv$ involved in other activities, such as
marketing.

Subsequent studies (e.g., Filmer and Pritche@2PBave also recorded the importance
of the local natural-resource base in rural lifeevéltheless, apart from agricultural land,
ecologicalcapital has been absent from the formal modelastraam development economists
have used to discuss policy. It is absent too firdiuential surveys and texts on the economics
of development (Stern 1989; Dreze and Sen, 19985;1Ray, 1998; Sen, 1999; Banerjee and
Duflo, 2005).

That neglect has had far-reaching implications development policy. Tallis et al.
(2008) report that of the more than 11,000 deveymprojects that have been supported by
the World Bank since 1947, only about 15% haveunhetl natural capital as a theme. They also



report that the number of World Bank projects apedoin the period 1993-2007 that had
biodiversity as a theme and poverty alleviation tieprotection of ecological capital as stated
goals was a mere 32, and that only five of thoserded improvements in environmental
guality and a reduction in poverty. As all econmrsaffer from serious distortions in the use of
ecological capital (see below), it should be pdedib identify policy reforms that both help to
reduce poverty and improve ecological services éReet al., 1992). With that in mind, Tallis
et al. (2008) have compiled a list of indicatorattbhould prove useful in designing, selecting,
and implementing projects that offer the prospéceaching what the World Bank calls "win-
win outcomes".

Despite the neglect, there is now a growing liteeaon the links between rural poverty
and the local ecology. Because economic theoryapeddeconomic empirics in that body of
work, empirical studies have frequently been desigoy scholars to respond to the theory. In
this paper | draw on that literature to show hoaneenics can be reworked to include nature's
services in the study of development procedsésfortunately, even now there are few reliable
empirical studies. One reason for the dearth mathég with the exception of forest cover,
government surveys (even the best of them, sutheadian National Sample Survey) don't
include detailed information on ecological capitaladdition to studying household behaviour,
investigators therefore have to obtain their owia da the state of the local ecology.

Even though the field is nascent, the literatunegdort below stands somewnhat in
contrast to the environmental and resource ecorsothat was developed over the decades in
the United States. In part influenced by the ne#édbe US Environmental Protection Agency
(EPA), resource economists there mostly studiecetiomomics of timber, oil and natural gas,
water resources, and fisheries; while environmeatainomists focussed on environmental
amenities and pollution. Moreover, it was customarythe earlier literature to interpret
environmental problems as symptoms of market faflur

| shall put some distance between the materiapbnt in this paper and the themes
usually covered in environmental and resource eo@® | shall do that partly because, in
identifying the place of natural capital in thealss/of the rural poor, | want to shift the focusoont

% For many years now | have both grumbled aboutdinéinual neglect of the natural-resource base in
the study of poverty in poor countries and triedbting together environmental and development
economics (Dasgupta 1982, 1990, 1993, 2001a, 2008, 2008a,b; Dasgupta and Maler, 1991). Since
its inception in 1996, the journ&nvironment and Development Econonfies done much to advance
the subject.

* Scholars aResources for the Futureave been prominent in developing that excell@utybof

work. Kneese and Schultze (1975) is a fine reptasea. Kolstad (2007) and Siebert (2008) are
excellent texts on the subject, covering both theod optimal policy.
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ecological services; but partly also because irr poantries, people transact in a wide variety
of non-market institutions. It will be seen below that thclusion of natural capital in economic

reasoning alters not only our assessment of theewgorary development experience, but our
understanding of development processes as welasSm emphasize that the context | am
studying here is rural poverty, we will regard egital capital to be the quintessential example
of natural capital. When necessary, though, | silalde to natural capital, interpreted in an
inclusive way’

3 Typesof Natural Capital

Natural capital is of direct use in consumptiash@ries); of indirect use, as inputs in
production (timber); or of use in both (fresh wat@the value of a resource is often derived
from its usefulness (as a source of food, or assaential actor in ecosystems - e.g., a keystone
species); but there are resources whose valuestisetie (places of scenic beauty), or intrinsic
(primates, blue whales, sacred groves), or a catibmof all three (biodiversity). The worth of
a natural resource could be based on what is ¢éatkéom it (forest products, fisheries), or on
its presence as a stock offering service (coralsresetlands, forest cover), or on both
(watersheds).

Ecosystems provide innumerable services to us.mgntibe visible products are food,
fibres, fuel, and fresh water, but many remain @mdrom view. Among other things,
ecosystems maintain a genetic library, preserveregenerate soil, fix nitrogen and carbon,
recycle nutrients, control floods, mitigate drowgtilter pollutants, assimilate waste, pollinate
crops, operate the hydrological cycle, and mairttaéngaseous composition of the atmosphere.
As those services are not visible, it is easy &rlook them. However, with some ingenuity it is
possible to estimate the benefits we enjoy frormtH&elow | report some of those findings.

Ecosystems offer joint products: wetlands recyelgients and produce purified water;
mangrove forests protect coastal land from stomdsaae spawning grounds for fish; and so on.
Unhappily, social tensions arise in those manysageere an ecosystem has competing uses
(farms versus forests versus urban developmentsstfo versus agro-ecosystems; coastal
fisheries versus aquacultfiyeAs natural capital is a mesh of resources, whatmeans by an
ecosystem is usually influenced by the scope ofpiablem being studied. A number of

®> The publications that drew attention to the ecdndmportance of ecosystems are the classics by
Ehrlich et al. (1977) and Daily (1997). Hassan let(2005) and Brauman et al. (2007) provide a
catalogue of those services. For a succinct acamupblicy measures that are currently being taken
across the world with ecological services as tleagpsee Turner and Daily (2008).

® See Tomich et al., eds. (2004); Tomich et al. 42@Md Palm et al. (2005); and Hassan et al. (2005)
respectively, on those tensions.
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ecosystems have a near global reach ("biomes", ascthhe Savannah), some cover entire
regions (river basins), many involve clusters dfages (micro-watersheds), while others are
confined to the level of a single village (the agle pond). Sachs et al. (1998) have traced the
location of world poverty in part to the fact thhe tropics harbour some of the most fragile
environments. Hassan et al. (2005) and Carpental. €2005) contain a classification of
ecosystems. They also provide an account of tless&s that are being experienced by both
global and local ecosystems.

Environmental pollutants are the reverse of natuegources. In some cases the
emission of pollutants amounts directly to the detion of reproducible capital (corrosion of
material infrastructure). In others it means a dégtion of ecosystems (eutrophication of
lakes). Roughly speaking "resources" are "goodsihytbeing sinks into which pollutants are
discharged (rivers, the atmosphere, and the o@ar@mong the sinks); while "pollutants” (the
degrader of resources) are "bads". Pollution iother side of conservatidn.

Ecosystems are driven by interlocking non-lineacpsses that run at different speeds
and operate at various spatial scales (Stefferl.,eR@04). That is why ecosystems harbour
multiple basins of attraction. The global climagstem is now a well known example (Bigg,
2003). But small-scale ecosystems also harbouriptalbasins of attraction, for similar
reasons. So long as phosphorus run-off into a fneghr lake is less than the rate at which the
nutrient settles at the bottom, the water colunmaias clear. But if over a period of time the
run-off exceeds that rate, the lake collapsesargatrophic stattUsually, of course, the point
at which the lake will collapse is unknown. Thatame the system is driven by non-linear
stochastic processes. So, flips in the capacigco$ystems to supply useful service to us share
three important characteristics: (1) they are feedjy irreversible (or at best they take a long
time to recover); (2) except in a very limited seng isn't possible to replace degraded
ecosystems by new ones; and (3) ecosystems camps®llabruptly, without much prior
warning. Imagine what would happen to a city's ntaats if the infrastructure connecting it to
the outside world was to break down without noti¢anishing water sources, deteriorating
grazing fields, barren slopes, wasting mangroves bdeached coral reefs are spatially confined
instances of a corresponding breakdown among tiaépaor. Ecological collapse, such as the

" This classification was explored in Dasgupta (982

8 See Carpenter et al. (1999) and Carpenter (200Hnfanalysis of the dynamics of (shallow) fresh-
water lake systems. The existence of multiple Isasirattraction has important implications for ey
the lake's shadow price ought to be estimated. upas@nd Maler (2003) is a collection of essays tha
develops the welfare economics of non-linear ed¢esys (see, for example, the article by Brock and
Starrett , 2003).
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one that has been experienced in recent years an@Rw the Horn of Africa, and the Darfur
region of Sudan, can also trigger rapid socio-esvaalecline (Homer-Dixon, 1999; Diamond,
2005; Collier, 2007).

4 Contents

The plan of this paper is as follows:

In Sections 5-6 | introduce two broad categoriesxternalities and discuss the kinds of
institutions that are likely to be most effectiveremoving them. The remainder of the paper
discusses ways to value natural capital and desetopmethod for evaluating economic
programmes. Two types of evaluation exercises amrasted: evaluating projects and
identifying sustainable development. In Section shéw that GDP should not be used as a
welfare index in either exercise. Section 8 comstaindiscussion of a number of methods for
valuing ecological capital. In Section 9 | showtthecomprehensive measure of wealth is the
correct index to use in both types of evaluatioareise. Section 10 demonstrates the reach of
the index for identifying sustainable developmeféction 11 does the same for project
evaluation.

In many people's minds today, "environmental @otd’ mean "climate change". One
of my aims in this paper is to dispel that notibievertheless, in the long run climate change
would appear to be one of the most serious envieoiproblems facing poor countries. So in
Section 12 | offer an extended discussion of tlevsduation methodologies that have fashioned
the empirical work on the economics of climate g®ar point to weaknesses in the analyses,
rather than harp on their strengths. Section 13nsanzes; and the Appendix has a formal
demonstration of the theoretical propositions puatvard in Sections 9-11.

Throughout, | try to mingle theoretical analysishwempirical studies. | do that not only
for micro studies (e.g., the value of planting féorests and investing in fresh water sources;
measuring the value of upland forests in stabtdjzmater flows downstream), but also for
macroeconomic identification of sustainable dewvelept. | do the latter by putting the theory to
work on interpreting the development experiencéhefworld's poorest regions in the period
1970-2000. With regard to the former, it is as welhote that empirical studies of household
and village behaviour governing local ecosysteniferdividely in style. They range from
narratives on the lives of people in a single g#ldao econometric studies of data from many
villages. Even among the latter, some are basezh@iully constructed controls, while others
are more casual in their approach to statistickelieve | have learnt from each of that
heterogeneous body of styles. In any event, emapisitidies of human-nature interactions are
still so few in number, that it would be foolish itwsist on the style we economists have got
used to in applied micro-econometrics. The cathglaf styles will not suit everyone, but in
drawing attention to it here | am merely placing cayds on the proverbial table.
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Externalities

An early literature found market failure to be tinederlying cause of environmental
problems (Pigou, 1920; Meade, 1973; Baumol and<Qa&¥5), which is why the phenomenon
of market externalities looms large in environmeateal resource economics. But there are non-
market institutions too, and they also can fail. 8yexternality we mean the effects that
decisions have on people who haven't been pathetdecisions. | offer this definition because
both theory and contemporary evidence tell useahatronmental externalities are a symptom of
a more general problenmnstitutional failure The malfunctioning institution could be the
market. But the failure could be that of a groupations unable to agree on common fisheries
policy in the seas; or it could be the state ridiogghshod over forest inhabitants; it could be
the local community whose norms have collapsedti@e®6); or it could be the household,
where the dominant male insists on growing friees (because the fruit can be sold in the
market to which the female doesn't have easy gccatber than trees that would supply the
wood-fuel the female is expected to gather fromréoeding woodlands. The consequences of
those malfunctions are resource allocation failumesong contemporaries and across the
generations. | shall also argue that one of thaemurences has been the very high population
growth the poor world has experienced in recenadies.

Activities involving ecological capital give rigde externalities because property rights
to them are either weakly defined or inadequatefgreed. And a common reason for the latter
is that key components of natural capital are meolak is the case with air and water. By
property rights | don't only mean "private" properights, | include "community”" property
rights and state property rights. At an extreme amed'global” property rights on global public
goods, a concept that is implicit in current disoomiss on climate change. But neither the idea of
global property rights nor of global public goods mew. That humanity has collective
responsibility over the state of the world's oceassd to be explicit in the 1970s, when
politicians claimed that the oceans are a "comnasitdge of mankind".

In the presence of externalities involving nagis&rvices, individuals and communities
over-exploit natural capital, which is another waly saying that ecological services are
subsidized. At the global level what is the anrswddsidy? One calculation suggested that it is
10% of annual global income (Myers and Kent, 2008).reading is that the margin of error in
that estimate is very large. But it's the only globstimate | have come across. The technical
reports accompanying M.E.A. (2003), especially ldasst al. (2005) and Carpenter et al.
(2005) contain gquantitative information that coblel used to obtain more reliable estimates of
nature's subsidies; which in turn could be useckdtimate the shadow prices of various
ecological capital assets (Section 8). Internationganizations such as the World Bank have
the resources to undertake that work. But theyappebe reluctant to do so.
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Two broad types of externalities may be contrasteuddirectional and reciprocal
(Dasgupta, 1982). Unidirectional externalities jagt that - unidirectional - where one agent (or
a set of agents) inflicts or confers an externaityanother (or others). The direction of the
externality is in part determined by social normsl degal rules (Coase, 1960), a matter to
which | return below. Under reciprocal externaiteach party inflicts or confers an externality
on all others, as in the case of unmanaged commuapey resources. In the following two
sections we study the significance of the two tygfesxternalities.

5 Unidirectional Externalities: Exportsand Wealth Transfers

Exports of primary products often involve unidiienal externalities. There is evidence
that, other things being equal, freeing exportsnfrpolitically motivated restrictions helps
economies to grow faster. There is evidence tobtkigapoor as a group enjoy the benefits of
faster growth (McCulloch et al., 2001). But as ¢leelogical consequences of growth in exports
are rarely measured, the case for trade expanemuldsbe qualified beyond the occasional
footnote. Here is an example of how an increaghdrexport of primary products can hurt the
poor?

An easy way for domestic governments to earn rgen countries that are rich in
forests is to issue timber concessions to priviatesf Imagine that concessions are awarded in
the upland forests of a watershed. Forests statblath soil and water flow. So deforestation
gives rise to soil erosion and increases fluctaatim water supply downstream. If the law
recognizes the rights of those who suffer damagm fiieforestation, the timber firm would be
required to compensate downstream farmers. But ensgpion is unlikely when (a) the cause
of damage is many miles away, (b) the concessierbaan awarded by the stitend (c) the
victims are scattered groups of farmers. Problerascampounded because damages are not
uniform across farms: location matters. It can atso that those who are harmed by
deforestation don't know the underlying cause eirtldeteriorating circumstances. As the

° The example is taken from Dasgupta (1990) andh@hisky (1994).

In a study of agricultural production in Ghanapkr (1997) found that under a common
property regime (Section 6), biomass was expldieygbnd the level at which aggregate profits would
be maximized, implying that reciprocal externaditigere at work. The author noted that the undeglyin
externalities would be exacerbated if trade expanBer further weaknesses of trade expansion under
the contemporary world order, see Stiglitz (2002).

Trade doesn't invariably exacerbate negative madigies. An expansion in international trade
in activities with negative externalities for whiahcountry has a comparatisisadvantage will reduce
the externalities. | am grateful to Dani Rodrik fiois observation.

% Colchester (1995) has recounted that politicaresgntatives of forest-dwellers in Sarawak,
Malaysia, have routinely given logging licensesiembers of the state legislature.
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timber firm isn't required to compensate farmesspperating cost is less than the social cost of
deforestation, the latter, as a first approximatlmeing the firm's logging costs and the damage
suffered by all who are adversely affected. Sogtkort contains an implicit subsidy, paid for
by people downstream. And | haven't included fonesabitants, who now live under even
more straightened circumstances; or worse, ardéeevigithout compensation. The subsidy is
hidden from public scrutiny, but it amounts to ansfer of wealth from the exporting to the
importing country. Some of the poorest people poar country subsidize the incomes of the
average importer in what could well be a rich counthat doesn't feel right.
5.1 Quantifying Externalities

The spatial character of unidirectional exterreditis self-evident, but getting a
guantitative feel involves hard work. So the litara is sparse. As in other fields of ecology and
economics, some of the best advances in ecologomalomics have been made in studies of
"small" problems. There are now several believaktenates of subsidies on the use of natural
capital at the local level. Basing their estimateadormal hydrological model, Pattanayak and
Kramer (2001) reported that the drought mitigatlmenefits farmers enjoy from upstream
forests in a group of Indonesian watersheds ar8%-of average agricultural incomes. In
another exemplary work, Pattanayak and Butry (2@0%lied the extent to which upstream
forests stabilize soil and water flow in Floresddnesia (see also Pattanayak, 2004).
Downstream benefits were found to be 2-3% of awel@gyicultural incomes. In a study in
Costa Rica on pollination services, Ricketts ef20104) discovered that forest-based pollinators
increase the annual yield in nearby coffee plamtatby as much as 20%. Ricketts et al. (2008)
have analysed the results of some two dozen studiggdving 16 crops in five continents, and
discovered that the density of pollinators andréte at which a site is visited by them declines
at rapid exponential rates with the site's distdrm® the pollinators' habitat. At 0.6 km (resp.
1.5 km) from the pollinators' habitat, for example visitation rate (resp. pollinator density)
drops to 50% of its maximum.
5.2 Internalizing Externalities

How should societies eliminate unidirectional exaédities? In the case of the upstream
firm and downstream farmers, the state could taxfitm for felling trees (Pigou, 1920). The
firm in this case would be the "polluter”, the fams the "pollutees”. Pigovian taxes therefore
invoke thepolluter-pays-principle(PPP). The efficient rate of taxation would be the dgma
suffered by farmers. What the state does withakedvenue is a distributional matter, to which
| shall return presently. Pollution taxes are kndaaay as "green taxes".

' For a more comprehensive study of ecosystem ssryioduced by avians, see Sekercioglu et al.
(2004).
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But there is also a "market-friendly” way to elraie externalities. Lindahl (1958
(1919)) - and subsequently Meade (1953, 1972) aab€(1960) - suggested that the state (or
the community; see Section 6) could introduce peiyaoperty rights on ecological capital, the
thought being that markets would emerge to elimreirthe externalities. A problem with the
proposal, at least as | have presented it hetieaist isn't clear who should be awarded property
rights. In our example of the upstream firm and dsineam farmers, the sense of natural justice
might suggest that the rights should be assignethrtoers, who can be regarded as the
pollutees. Under a system of "pollutees’-rightdie ttimber firm would be required to
compensate farmers for the damage it inflicts a@mthSuch a property-rights regime also
invokes PPP.

Of course, the rights could be awarded to thedmnfiom instead. In that case it would
be the farmers who would have to compensate timefdir not felling trees. The latter system of
property rights invokes theollutee-pays-principléa reverse PPP, as it were), which to many
people would seem repellent. But from the efficiepoint of view it's a matter of indifference
which system of private property rights is introeddcso long, that is, as the prices that emerge
(including those in the markets for externalitie® competitive prices (Starrett, 1972).

In a famous article Arrow (1971) pointed to a peob with Lindahl's proposal. Markets
for externalities would be "thin". In our examplach market would involve precisely two
parties: the timber firm and one farmer. It is h&wdimagine that competitive prices could
emerge in such circumstances. Nevertheless, mafietexternalities have attracted much
attention among ecologists and development experéxent years, under the lapayment for
ecosystem servicesr PES(see Pagiola et al., 2005, for a sympathetic vewaea market based
PES).

The ethics underlying PES is seemingly attractifvdecision makers in Brazil believe
that decimating the Amazon forests is the true patbconomic progress there, shouldn't the
rest of the world pay Brazil not to raze them ® g¢inound? If the lake on my farm is a sanctuary
for migratory birds, shouldn't bird lovers pay na to drain it for conversion into farm land?
Never mind that the market for ecosystem servicesldvbe thin, if a system involving PES
were put in place, owners of ecological capital bedeficiaries of ecological services would be
forced to negotiate. The former group would themwehan incentive to conserve their assets
(Daily and Ellison, 2002; Pagiola et al., 2002; @&t¢in et al., 2006). In a review of current
practices, Jack et al. (2008) note that hundredseaf PES schemes have been established
round the globe. China, Costa Rica, and Mexico, éeample, have initiated large-scale
programmes in which landowners receive paymentirfareasing biodiversity conservation,
expanding carbon sequestration, and improving thygical services.

Although we have no firm empirical understandifigpr@cesses in which a single agent
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is engaged in multiple bilateral negotiations dwersupply of what amounts to a "public good",
we do have some theoretical understanding. Conaid#uation in which the farmers in our

example are willing to negotiate with the timbendi It can be shown that if the parties discount
future profits at a very low rate, all but one famwould free ride and enjoy the benefit (i.e.,
they would make no payment to the firm). So farntexge no incentives to form a coalition

among themselves. Moreover, the (equilibrium) ameasn't unique, meaning that the farmer
who negotiates with the firm isn't necessarily thee who would be worst affected by

deforestatiort?

Although PES may be good for conservation, one igsgine situations where the
system would be bad for poverty reduction and ibigtive justice. Many of the rural poor in
poor countries enjoy nature's services from agbkets don't own. Even though they may be
willing to participate in a system of property righin whichthey are required to pay for
ecological services (Pagiola et al. 2008, repathéir careful study of a silvo-pastoral project in
Nicaragua that they do), it could be that in thelevave have come to know, the weaker among
the farmers are made to pay a disproportionate amSome may even become worse off than
they were earlier (Dasgupta and Heal, 1979: CHOBg could argue that in those situations the
state should pay the resource owner instead, dsimds obtained from general taxation. As
Reid et al. (2003), Bulte et al. (2008) and Zilbamret al. (2008) observe, who should pay
depends on the context.

A PES system in which the state plays an actile ® attractive for wildlife
conservation and habitat preservation. In poor t@mmproperty rights to grasslands, tropical
forests, coastal wetlands, mangroves, and cortd sre often ambiguous. The state may lay
claim to the assets ("public” property being thstamary euphemism), but if the terrain is
difficult to monitor, inhabitants will continue teside there and live off its products. Inhabitants
are therefore key stakeholders. Without their eagent the ecosystems couldn't be protected.
Meanwhile flocks of tourists visit the sites onegular basis. An obvious thing for the state to
do is to tax tourists and use the revenue to pesl iohabitants for protecting their site from
poaching and free-riding. Local inhabitants wouddrt have an incentive to develop rules and
regulations to protect the site.

But even if inhabitants as a collective are giganncentive to self-regulate, individual
members may not have the incentives to confornotongunitarian rules and regulations. The
economics of "common property resources” studiggswawhich individual incentives can be
aligned to communitarian goals. We discuss that nex
6 Reciprocal Externalities: Common Property Resour ces (CPRS)

12 See Dasgupta and Sabourian (2008).
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Who owns the local natural-resource base in anehs? Anthropologists, economists,
and political scientists working at the fringes official development economics have
discovered that, barring agricultural land, ecatabicapital is often neither private nor state
property. Nor are they "open access" resources, dfgecommunal property, which is why they
are calleccommon property resources, CPRs. If CPRs are badly managed, households in the
community free-ride, and the commons suffer frongessive use. The point of communal
management is to restrict use (e.g. by establigthagges or quantity restrictions) and fend off a
possible "tragedy of the commons".

6.1 Why CPRs?

As a proportion of total assets, CPRs range widelgss ecological zones. In India they
are most prominent in arid regions, mountain regiand un-irrigated areas; they are least
prominent in humid regions and river valleys (Agahand Narain, 1989; Chopra et al., 1990).
There is a rationale behind this, based on the teeedol risks. Woodlands, for example, are
spatially in-homogeneous ecosystems. In some geargroup of plants bears fruit in one part
of a wood-land, in other years some other grougpme other part is fecund. Relative to mean
output, fluctuations could be presumed to be lamgerid regions, mountain regions, and un-
irrigated areas. If a wood-land were to be divid®d private parcels, each household would
face greater risks than it would under communaleyaimp and self regulation. The reduction in
individual household risks may be small, but asgayeincomes are very low in Indian villages,
household benefits from communal ownership couldXpected to be large.

Where users are symmetrically placed, distribgtienuld be expected to be symmetric,
a subtle matter to devise if the resource is hgé&reous. Rotation of access to the best site is an
example of how this can be achieved. It is ofteacised in coastal fisheries, fuel reserves in
forest land, and fodder sites in the grassland$a(Baand Platteau, 1996). Rotation enables
users to get a fair shake.

Of course, it would be possible in principle fbe tcommunity to parcel out the resource
as private property and let households establishutual insurance scheme. But that move
would jeopardize cooperation in other activities; &t least two reasons. First, cooperation
appears to be habit forming (Seabright, 1993);dsspensing with cooperation in any one
activity could lead to a weakening of cooperatinrother activities. Secondly, cooperation is
more robust when sanctions for opportunism in amy wenture include exclusions not only
from that venture, but also from other collectiantures. Abandoning cooperation in one field
of activity thus reduces the robustness of cooperan other fields of activity. This fact is an
implication of the theory of repeated games. Itl@xis why relationships are so frequently tied
to one another in rural communities (Dasgupta, ap07

Local ecosystems are frequently CPRs also be¢heseconstituents are mobile. Birds
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and insects fly, fish swim, inorganic materialsusdef in space, and even earthworms are known
to travel. Their mobility integrates an ecosysteraisous components. Ecosystem dynamics are
non-linear, involving positive feedback in a widenge of states, meaning that the system as a
whole is greater than the sum of its spatial pd&tosystems therefore have an element of
indivisibility to them. If you slice off a signifemt portion for some other purpose, the
productivity (e.g., biomass production) per unégaaof what remains is reduced. But even if it
were decreed that no portion could be convertecafmther use, parcelling ecosystems into
private bits would be inefficient because of theéemalities that are created by the mobile
components. Admittedly, private monopoly would avitbie externalities, but it would grant far
too much power to one person in the community.

Agricultural land, especially in densely populatactas, is a different matter. Both
labour and capital are critical inputs in productihvestment can increase land's productivity
enormously. Agricultural land as CPRs would be actbjo serious management problems,
including those due to the temptations to free oidénvestment costs. The lack of incentives to
invest and innovate would lead to stagnation, eleray. The fate of collective farms in what
was previously the Soviet Union testifies to thEtose regions of sub-Saharan Africa where
land is, or was until recently, held by the kinshipre exceptions, but only because land was
plentiful in the past and because poor soil quatigant that land had to be kept fallow for
extended periods. Of course, it may be that agullproductivity remained low thebecause
land was held by the kinship, not by individuals. &isewhere in the social sciences, causation
typically works in both directions.

6.2 The Importance of CPRs

Are CPRs important to rural people? Jodha (198&)rted evidence from a number of
dry rural districts in India that the proportion ioicome among poor families that is based
directly on CPRs is 15-25%. Cavendish (2000) hageal at even larger estimates than Jodha
from a study of villages in Zimbabwe: the propartaf income based directly on CPRs is 35%,
the figure for the poorest quintile being 40%. Atauntry level, some 5 billion US dollars of
products are drawn from CPRs annually by the Indiusal poor (Beck and Nesmith, 2001).
Wood-fuel is prominent among CPR products. It Bnested that some 2.4 billion of the
world's poor depend on wood or other biomass fieelsooking and heating (World Resources
Institute, 2005). That is why the finding by Codkaé (2008) that community forestry in poor
countries continues to ignore the importance ofdvia@l among rural households is ironic.

Marine fisheries are a major source of food amdnme among the coastal poor. Some
250 million of the world's poor depend on coastaRS. Such evidence doesn't of course prove
that CPRs are well managed, but it does show thiat households have strong incentives to
devise arrangements whereby they managed.
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CPRs not only supply households with a regular td ecosystem services and tangible
goods (water, fuel-wood, fibres, building materitljit, honey, and fish), they also offer
protection against agricultural risks. In a studyhouseholds on the margin of the Tapajos
National Forest in the Brazilian Amazon, Pattanagml Sills (2001) found that households
make more trips into the forest for non-timber prd when times are hard. CPRs are
sometimes the only assets to which the otherwisenffianchised have access. Hecht et al.
(1988) have described the importancebabassuproducts among the landless in Maranho,
Brazil. Extraction from those plants offers supporthe poorest of the poor, most especially
women. The authors reported thabassuproducts are an important source of cash income in
the period between agricultural-crop harvests. Booa theory says that where there is a
market for labour even the casual wage rate ofilegkabourers would be higher in villages
with more abundant CPRs (Dasgupta, 1993). Thesvidence of this (Barbier, 2005). That
said, | am not implying that asset-less peopleufedt prominently in community decisions to
create the institutions that govern CPRs, | am iypeh@awing attention to a good feature of
CPRs.

6.3 The Good News about CPRs

Most often CPRs aren't open to outsiders, but tmlthose having historical rights
through kinship ties and community membership. Comath management of local resources
makes connection witkocial capita) viewed as a complex of interpersonal networkd,rants
at the basis upon which cooperation has traditipteden built. As CPRs have been seats of
non-market relationships, transactions involvingnthare often not mediated by market prices.
So their fate is frequently unreported in nati@nomic accounts. However, a large empirical
literature has confirmed that resource users inyn@@ses cooperate, on occasion through
democratic means. The empirical literature on CBR®w huge (Netting, 1985; Jodha, 1986,
2001; National Research Council, 1986, 2002; Wa888; Chopra et al., 1989; Feeny et al.,
1990; Ostrom, 1990, 1992; Bromley et al., 1992;aBdland Platteau, 1996, 1999; Noronha,
1997; Kadekodi, 2004; Baland et al., 2007; and &leatal., 2008, among many others). The
economidheoryof CPRs was however constructed earlier, in Dasgapd Heal (1979: Ch. 3).

Are CPRs managed communally? Not invariably, bhumany cases they are, or have
been in the past. Wade (1988) reported his findirege a study of community-based allocation
rules over water and the use of grazing land inSéuth Indian villages. He noted that
downstream villages had an elaborate set of roleegulating the use of water from irrigation
canals. Fines were imposed on those who violatedriifies. Most villages had similar
arrangements for the use of grazing land.

In a study on forest conservation in the centrimhdayas, Somanathan et al. (2005)
have found that the density of broad-leaf treessigrsficantly higher in places where the forest
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was managed by village councils than in areas wingtkeer councils nor the state was involved
in forest management.

Of course, cooperation doesn't appear in vacunrthd contemporary world there is a
potential role of government and non-governmenaiations (NGOs) in helping to build or
rebuild local institutions through which communstieould get to realize the advantages of
collective action. Such help would involve, amortlgeo things, devising clearly-defined rules
concerning the allocation of burdens and benefiles whose compliance can be observed
(hopetully, verified also) by others involved. Irstudy in North-West India, Chopra and Gulati
(1998) found that distress migration out of villagehere NGOs had been at work to create
institutions for managing water and pasture landaooommunal basis was lower than in
villages where there had been little attempt tatersuch institutions. Significantly, Chopra and
Gulati found that the probability of participatiom communal pasture land was higher among
villagers who were participating in communal watemagement schemes than among villagers
who were not. That suggests once again that caopef@egets cooperation.

How is cooperation maintained? Universally, stsdigave found that collective
sanctions are imposed on those who misbehave (seBatand and Platteau, 1996). Today the
underlying mechanism is common knowledge amongaudsts. The theory of repeated games
has shown that so long as households don't dis¢otumé costs and benefits at too high a rate
and so long as behaviour is mutually observabl@aknorms involving the use of sanctions on
non-cooperative behaviour enable cooperation tanbentained. Sanctions range from the
punitive and unforgiving (permanent exclusion faliog a single misdemeanour; widely know
in the economic literature as the "grim" norm) hie forgiving (as in graduated sanctions; see
below). The grim norm has been found in reciproeldtionships (Czako and Sik, 1988), but
appears to be in force only in those environmertisrev the parties have access to formal
markets as an alternative. Something like "grinti@sded for preventing people from engaging
in non-cooperative behaviour in an environment whiampting, short-term opportunities
appear elsewhere from time to time.

Outside opportunities are often rare in rural camities that are to all intents and
purposes enclaves. Communitarian arrangements daheref high value to all and matters are
different. Graduated sanctions are in wide use. flise misdemeanour is met by a small
punishment, subsequent ones by a stiffer punishmergistent ones by a punishment which is
stiffer still, and so forth (see e.g. Ostrom, 1992)here information is imperfect, a small
penalty for the first misdemeanour could be a wayrhat others are watching, or it could be
that others signal their acknowledgement that tiselemeanour could have been an error on
the part of the offender and that he should trgéanext time. And so on.

6.4 The Bad News about CPRs
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So far, the good report on CPRs. There are, haweve pieces of bad news. The first
involves resource allocation in communitarian m&ons. Entittements from CPRs are
frequently based on private holdings: richer hooki=h enjoy a greater proportion of the
benefits. Beteille (1983), for example, drew onregkes from India to show that access to
CPRs is often restricted to the elite (e.g., chstelus). Cavendish (2000) has reported that in
absolute terms richer households in his sampleillaiggs took more from CPRs than poor
households. In an early review, McKean (1992) nalted benefits from CPRs are frequently
captured by the elite. Agarwal and Narain (199¢)osed the same phenomenon in their study
of water management practices in the Gangetic pisndid Bardhan and Dayton-Johnson
(2007) in a study of irrigation systems in Mexicw&south India.

However, the relative exploitation of CPRs byploer and the not-so-poor isn't uniform
across the world. In two large scale studies osbbald data in India and Nepal, respectively,
Bandopadhyay and Shyamsundar (2004) and Bandopadhgh (2006) found that wood-fuel
consumption decreases with wealth in India, buteises with wealth in Nepal. Their finding
suggests that the availability of cheap substitotaters. In India, where rural markets are more
developed than in Nepal, relatively wealthy hous#h@re able to save on labour costs by
buying fuel in the market place.

That women are sometimes excluded from CPRs hes hkerorded in communal
forestry (B. Agarwal, 2001). It is even possiblattthe eliteexploit others, in the strong sense
that the latter are worse off when the CPR is aggdl than they would have been if the CPR
was unregulated (Dasgupta, 2000; see also Dasqi{ifi8a). But because cooperation in one
activity is usually tied to cooperation in othetiates, it would be hard to establish empirically
that one group of CPR users is exploiting anotheng of users.

The second piece of bad news is that CPRs haeeatated in recent years in many
parts of the poor world (Perrings, 2000; Jodha, 2B@ssan et al., 2005). Why should that have
happened in those places where they had been nthimagesustainable manner previously?
There are several reasons:

One stems from deteriorating external circumstsngeder which both the private and
communal profitability of investment in the resaarbase decline. Political instability is a
general cause. It is, of course, a visible causesafurce degradation, as civil disturbance all too
frequently expresses itself by a destruction ofspiay capital. But increased uncertainty in
communal property rights is a frequent, often hiddause. People could worry that the state or
warlords will assume authority over the CPRs. ¢ slecurity of a CPR is uncertain, the returns
expected from collective action are low. The infloe would run the other way too, with
growing resource scarcity contributing to politicaistability, as rival-groups battle over
resources. The feedback could be "positive”, ekateilg the problem for a time, thus reducing
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expected returns yet further.

The second reason CPRs have deteriorated in niacgsps rapid population growth.
The latter triggers environmental degradation stitntional practices are unable to adapt to the
increased pressure on resources. In Cote d'Moresxample, growth in rural population has
been accompanied by increased deforestation andteedallows. Biomass production has
declined, as has agricultural productivity (Lop#298). Leisinger et al. (2002) offer a wide-
ranging discussion of the deleterious effects oémé population growth on food security in
poor regions.

However, rapid population growth in the world'opest regions in recent decades itself
requires explanation. Demographers have arguedtfaitin the child mortality rate (which is
otherwise a very good thing) is a major factor (Bhsa, 2008, identifies reasons why even
fertility rates respond to declines in child matjalwith a lag). Here | suggest factors that
havent been much studied by demographers. Incteasenomic insecurity, owing to
deteriorating institutions, is one: children yiegldhigher private return in such circumstances
than other forms of capital assets (Bledsoe, 1€84/er, 1994; Heyser, 1996). Reproductive
activity also involves a number of externalitiegattiencourage people in the world’s poorest
regions to be pro-natalists (Dasgupta, 2003). Tie tan example, consider that when
institutions governing the CPRs deteriorate, hooisishiree-ride on the resource base. As some
of the cost of maintaining a household is passedoonthers, the net private benefits of
accumulating more "hands" to mine the CPRs careas&. Dasgupta and Maler (1991) and
Nerlove (1991) argued that receding firewood antewsources may increase the household
demand for labour, leading to a rise in househialel $n an analysis of data from South Africa,
Aggarwal et al. (2001) have found a positive lirdtvireen fertility increase and degradation of
CPRs. Filmer and Pritchett (2002) have reporteceakwpositive link between the two in the
Sindh region in Pakistan.

On the other hand, Loughran and Pritchett (1988hd evidence in Nepal that more
acute resource scarcity was associated with losvelityy, which suggests that growing scarcity
there raised the net cost of having children. Applly, increasing firewood and water scarcity
in the villages in the sample didn't have a strengugh effect on the relative productivity of
child labour to induce higher fertility. It seentseh that the relationship between resource
scarcity and fertility can be of either sifhAdmittedly, none of the empirical studies just
mentioned quite captures what the theory | am @gutb here tells us to study, namely, the link
betweerdesiredhousehold labour and the state of the local nlatesaurce base; but they come
close enough.

'3 Dasgupta (2003: Appendix) contains a formal méiaat identifies conditions for each possibility.
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The third reason CPRs have deteriorated in soaeegplis that communal rights were
overturned by central fiat. In order to establishpolitical authority, a number of states in the
Sahel, for example, imposed rules that destroyeadnamal management practices in the
forests. Villages ceased to have the authority nforee sanctions on those who broke
communitarian rules. But state officials didn't @dkie expertise to manage the commons, often
they were corrupt. Knowledge of the local ecolagield by those who work on the commons.
Local participatory democracy offers a mechanismvhich that knowledge can inform public
policy. Isham et al. (1995) found strong evidenmoenf121 rural water projects (in 49 countries
in Africa, Asia and Latin America) that participati by beneficiaries is positively correlated
with project performance. Relatedly, Thomson et{(E86), Somanathan (1991), and Baland
and Platteau (1996), among others, have identifiednany ways by which the exercise of state
authority damages local institutions and turn CRis open-access resources. In their study of
forest management in the central Himalayas, Sorhanadt al. (2005) found that crown cover
was no less in places that were governed by vitagecils than it was in areas managed by the
state, but expenditure on governance was an ofdeagnitude higher in the latter places.

Democratic movements among stakeholders and pees§wm international
organisations have encouraged a return to comnmamitenanagement systems. Shyamsundar
(2008) is a remarkable synthesis of the findingsn@arly 200 articles on the efficacy of
devolution of management responsibilities - from skate to local communities - over the local
natural-resource base. Her article focuses on ifedbrestry, and irrigation. The balance of
evidence appears to be that devolution leads terbresource management, other things being
equal. Shyamsundar of course offers a discussiamat those other things are.

The fourth reason CPRs have deteriorated in miatep is that cooperation is fragile,
dependent as it is on many factors that have t& wionultaneously in its favour. For example,
in the face of growing opportunities for privateréstment in substitute resources, households
are more likely to break agreements that involegrecity (Dasgupta, 1993, 2007; Campbell et
al., 2001). But when traditional systems of manag@ncollapse and aren't replaced by
adequate institutions, CPRs suffer from neglectreHare three examples illustrating the
phenomenon:

1. Mukhopadhyay (2008) is a historical study &f transformation of agrarian land in
Goa, India, that was earlier owned and regulatech lIpmmunitarian institution called the
communidades/VNhen Goa became a part of India, the governmématduced land reforms that
gave tenants the right to purchase the land theéweked. Mukhopadhyay doesn't question the
underlying motivation behind land reforms, but satee unfortunate consequence, which is the
breakdown of cooperation among households in maingathe embankments that had earlier
prevented the land from flooding by tidal watersveO the years deterioration of the
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embankments has led to an increase in soil salinity

2. In her study of collectively managed irrigatispstems in Nepal, Ostrom (1996)
accounted for differences in rights and responséslamong users (who gets how much water
and when, who is responsible for which maintendask of the canal system, and so forth) in
terms of the fact that some farmers are head-endérte others are tail-enders. Head-enders
have a built-in advantage, in that they can pretahénders from receiving water. On the other
hand, head-enders need the tail-enders' labouefair and maintenance of traditional canal
systems, which are composed of head-works madowé,strees, and mud. Ostrom reported
that a number of communities in her sample had geeam well-meaning aid by donors which
installed permanent head-works. What could be hgite may ask. But Ostrom observed that
those canal systems that had been improved wegecindy in worse repair at the tail end and
were delivering less water to tail-enders than ipresly. Ostrom also reported that water
allocation was more equitable in traditional farramagement systems than in modern systems
managed by external agencies, such as governmegmbr@ign donors. She estimated from her
sample that agricultural productivity is highetiaditional systems.

Ostrom's explanation for this is that unless &dsompanied by counter-measures, the
construction of permanent head-works alters thaivel bargaining positions of the head- and
tail-enders. Head-enders do not now need the latddar-enders to maintain the canal system.
So the new sharing scheme involves even less Vi@teail-enders. Head-enders gain from
having the permanent structures installed, buetadlers lose. This is an example of how well-
meaning aid can go wrong if the nature of the tmistin receiving the aid is not understood by
the donor.

3. Village tanks are one of the oldest sourcagightion in South Asia. In a study of a
group of villages in southern India, Balasubramar(2008) reports that village tanks have
deteriorated over the years owing to a declineoitective investment in their maintenance.
That decline has taken place as richer househaldsihvested increasingly in private wells. As
poor households depend not only on tank water Ibatan the fuel-wood and fodder that grow
round the tanks, construction of private wells &#iecentuated economic stress among the poor.

And fifthly, an erosion of CPRs can come in thekevaof shifting populations
accompanying the development process itself (Daag@®00). As economic opportunities
outside the village improve, those with lesser {®g. young men) are more likely to take
advantage of them and make a break with custombhgations. Those with greater
attachments (e.g. women) would perceive this aacelly discount at a higher rate the benefits
that could be expected from complying with agreemdfither way, norms of reciprocity could
be expected to break down, making certain groupgople (women, children, the aged) worse
off.
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History tells us that CPRs can be expected toirgech importance as economies
develop (North and Thomas, 1973). Ensminger's (188&ly of the privatization of common
grazing lands among the Orma in north-eastern Kestablished that the transformation took
place there with the consent of the elders of thee.t She attributed the move to cheaper
transportation and widening markets, making privatenership of land more profitable.
However, as the elders were from the stronger fesniprivatization accentuated inequality
within the tribe. The point isn't to lament the ldee of the commons; rather, it is to identify
those who are likely to get hurt by changes in eomo regimes and the accompanying
transformations in the use to which the resourcegat. That there are winners in the process
of economic development is a truism. Much the hatalk is to identify the likely losers and
have policies in place that act as safety netsttiem. In what follows we study policy
evaluation and institutional reform when ecologeagpital is included in the exercise.

Valuation, Evaluation, and Sustainable Development

In evaluating an economy, there are five questremgan ask: (A) How is the economy
doing? (B) How has it performed in recent years) KOw is it likely to perform under
"business as usual"? (D) How is it likely to pemfounder alternative policies? (E) What
policies should be pursued there?

National income accounts offer information reldvdor answering question (A),
although | argue below that they do so in an usisatiory way. Policy evaluation, including
project evaluationis a way to answer questions (D) and (E). Tha igé¢o evaluate an economy
at a point in time before and after a hypothetu=turbation has been made to it. In contrast,
the literature on "sustainable development" ansvegemsstions (B) and (C) by evaluating
economic change when the perturbation is the pasgagne itself.

Question (A) stands apart from questions (B) th éE least if conventional practice
among national income statisticians is any guide.iFis common practice to summarize the
state of an economy by its GDP, or equivalentlygtess) domestic income.

7 Inadequaciesin GDP

A good history of the concepts of GDP and nationebme was provided by Richard
Stone in his Nobel Lecture, which is available loa home page of the Nobel Foundation. But
even a cursory study tells us that GDP rose to premee during the 1930s, when industrial
nations were suffering from economic depressiorthat time there was a need to find an index
of aggregate economic activity. GDP filled thatchdBuring the post-War years, though, GDP
came to be regarded as a welfare index. That nef@tpon is now so ingrained in us that it has
become common practice to use estimates of GDPtlgrimw answering questions (B) to (E).
Indeed, if someone talks of economic growth, tiséefier doesn't need to ask, "Growth in
what?" he will know that the speaker means gromiGDP.
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The use of GDP as a welfare index has been mutitized on grounds that it is
insensitive to distributional concerns. But theéi@sm would be met if distributional weights
were applied to different income groups (Dasguptd.e1972). The real weakness of GDP as a
welfare index lies elsewhere. Economic growth iglaobt a good thing - it usually purchases a
better quality of life - but as we shall see prégestudying movements in GDP is of no use in
ascertaining whether economic growth is compatilidle "sustainable development”.

A famous report by the World Commission on Envinemt and Development (1987) -
known widely as the Brundtland Report - defirsedtainable developmeas "... development
that meets the needs of the present without compiognthe ability of future generations to
meet their own needs." In their version "sustamat@velopment” requires that relative to their
populations, each generation should bequeath smudtsessor at least as largeraductive base
as it had itself inherited. Notice that the requiest is derived from a relatively weak notion of
intergenerational equity. Sustainable developmentahds that future generations have no less
of the means to meet their needs than we do oessdivdemands nothing more; it doesn't, for
example, demand that developmenbpemalor just But how is a generation to judge whether
it is leaving behind an adequate productive basisfsuccessot?

It is clear that tracking GDP won't do. GDP isireedr index of the final goods and
services. Even though it has been argued that éightg attached to goods and services ought
to be shadow prices (Mirrlees, 1969; Sen, 197@ipmal income statisticians use market prices,
shorn of taxes and subsidies. As large numbercalbgical services in poor countries are
transacted in non-market institutions, official GBIs-specifies the level of economic activity.
But there is a more fundamental problem with GO index mismanages inter-temporal
considerations badly. (We confirm below that thetéthNations' Human Development Index
suffers from that same weakness.) The point is GiaP ignores the depreciation of capital
assets. Among natural resources, that depreciagéinirange from a full 100% of the services
drawn from oil and natural gas, to the degradatibecosystems through mismanagement. As
natural capital is especially vulnerable to oversseious criticisms of GDP were first made in
the context of environmental and natural resourcblpms:”

We may put the matter another way: GDP measueeagbregatercomeof thecurrent

14 pezzey (1992) and Pezzey and Toman (2002) disarisus ways of defining sustainable
development. Here | am following the literaturet thas related the concept to welfare economics.

!> See Nordhaus and Tobin (1972), Maler (1974), Méakt Wyzga (1976), Dasgupta and Heal
(2979), Hartwick (1990, 2000), Lutz (1993), and Bsson et al. (1997), among others. Maler (1991)
and Weale (1997) provide outlines of a completéesy®f national accounts inclusive of environmental
natural resources. Lange et al. (2003) and PerendsVincent (2003) contain applied studies on both
valuation and resource accounts.
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generation, whereas in seeking to determine th@isability of economic development, we
should be interested in tieell-beingof current and future generations. Sosbygial well-being
we will mean an ethically defendable numerical maé the well-beings of the present and
future generations. As the future is uncertain, tinbenerical index is taken to include an
ethically defendable attitude toward that uncetyaiim Section 12 (where | review the welfare
theory underlying the economics of climate charaye) the Appendix (where formal accounts
of policy evaluation and sustainable developmerg #glustrated), social well-being is
understood to be a generalized form of Utilitasami In what follows | drop further reference to
uncertainty (but see Section 12.4 on the econoaficBmate change ) and assume simply that
the index of social well-being reflects it.
8 Valuing Goods and Services

Evaluating an economy requires that we value gaodsservices from a societal point
of view. The social values of goods and servicescatledshadow pricesa familiar term in
development economics. In order to keep the amatysutral across commaodities, let social
well-being be the@umeraire
8.1 Defining Shadow Prices

In public economics shadow prices are definedhaglifference between market prices
and optimum taxes or subsidies (Atkinson and $tigli980). This is too narrow a base on
which to build policy analysis in rural economieg)ere transactions are frequently based on
communitarian relationships. Moreover, the termtitopl" can rarely be applied to policies
chosen there. So we revert to the mathematicalitiefi.

Definition 1. Suppose at date t an economy is daduan additional unit of some asset
free of charge. The asset's shadow price is thdtneg change in social well-being

The Appendix provides the mathematical counterpiRefinition 1 (equation (A.6)).
But the definition already tells us that three pgeof information are required for estimating
shadow prices:

() A descriptive model of the economy.

(if) The size and distribution of the economy'pita assets.

(iii) A conception of social well-being.
Requirements (i) and (ii) are the basis for esiimgathe changes that take place in the allocation
of resources if an additional unit of the assehasle available free of charge. Requirement (iii)
is the basis for placing a value on that changsgData (1982) used Definition 1 to argue that
even in imperfect economies the dynamics of ecesysthave to be taken into account
explicitly if we are to estimate the shadow priaédsnatural resources and environmental
pollutants.

At any date an asset's shadow price is a fundiidhe stocks of all assets. Moreover,
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the price today depends not only on the econonmgytdalit on the entire future of the economy.
Future scarcities of ecological capital are refidcin current shadow prices of all goods and
services. So shadow prices are functions of theedeip which various assets are substitutable
for one another, not only at the date in quesboiat all subsequent dates as well. Of course, if
the conception of social well-being involves the u$ high discount rates on the well-being of
future generations, the influence on today's shagoees of future scarcities would be
attenuated. Intergenerational ethics plays an itaporole in the structure of shadow prices, a
fact that was displayed in the contrasting recondagons of Cline (1992) and Stern (2006) on
the one hand and Nordhaus (1994, 2008) on the,atier how much the world community
should spend now to meet the problems of globalmivey (Section 12.3). In imperfect
economies (e.g., those experiencing the tragettyeafommons) an asset's shadow price can be
negative even when its market price is positive.

8.2 Estimating Shadow Prices

How should shadow prices be estimated? Consigehtiman capital asset we call
"health". Suppose we wish to value a marginal eeein life expectancy. Economists have
followed two ways to do this. One is to estimat @@ocial) cost of bringing about that increase.
The other is to estimate the value of the incr@asite expectancy itself. The two would lead to
the same estimate at a full optimum, but not inarfext economies, where the latter is the right
way to go about the matter (Definition 1 and equaf(iA.6)). But as the latter requires us to
estimate the value of a statistical life (Viscusdaldy, 2003), the method has proved to be
controversial when deployed for making cross cquatmparisons. Arrow et al. (2004) used
figures for public health expenditure for the shadarice of health improvements in poor
countries, while Arrow et al. (2008) have combiage-specific mortality tables with values of
statistical life years so as to estimate the shaoiiee of increases in life expectancy. The latter
estimates have been found to be substantially highen the former, implying that the
economies in their sample of countries are highlyarfect.

Using Definition 1 directly is problematic becausé the enormous quantity of
information demanded by requirements (i)-(iii). Swironmental and resource economists have
devised two indirect methods (Freeman, 1992; Snii®07 are fine expositions of the
methods). In one, investigators ask people to @acdue on ecological resources. In the other,
they study behaviour and the consequences of ¢éhavipur to infer the value individuals place
on those assets. In the latter method, marketgpatéhose goods and services for which there
are markets are often taken to be their shadovwesprigs an example of the latter, consider an
asset that has multiple characteristics (e.g.)lantehedonic methodses the market price of a
piece of land to uncover the shadow price of oné&sotharacteristic (e.g., the price of its
aesthetic qualities). The hedonic method has beerin used to value real estate. In their work
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on inland wetlands in eastern North Carolina (U3\), and Polasky (2004) found that, other
things being equal, proximity to wetlantisvered property values, presumably because of a
greater infestation of insects and possibly badiodo

The valuation methods that have become most popliee devised for environmental
amenities, such as places of scenic beauty orralikignificance. Theost of travelto a site
takes revealed preference to be the basis fomgathe site. Englin and Mendelsohn (1991), for
example, is a well-known application of the mettfod estimating the recreation value of
forests. In contrast, in those cases where tienmo observed behaviour, threntingent
valuation method(CVM) has proved to be extremely popular (see Cars684,2for an
extensive bibliography and Smith, 2004, for an Benthistory of the method). The idea is to
ask people how much they would be willing to paytfee preservation of an environmental
amenity (e.g., flood control) or a resource ofiigic worth (e.g., an animal or bird species).

Each of the above methods is of limited use fauwimg the local natural resource base in
the poor world. Moreover, one can question whetteguirements (i)-(ii) can be met
adequately by studying people's behaviour or amgyheir responses even to well-designed
guestions. One reason for being circumspect abhosetmethods (there are many other reasons)
is that people often arent aware of environmentlts. Jalan and Somanathan (2008)
conducted an experiment among residents of a suliiMlbw Delhi. The aim was to determine
the value of information on the health risks thaseafrom drinking water that contained
bacteria of faecal origin. Without purification tpged water in 60% of the households were
found to be contaminated. Among households in &mepge that had not been purifying their
piped water, some were informed by the investigattrat their water was possibly
contaminated, while the rest were not informed. &b#hors report that the former group of
households was 11% more likely to invest in puaiflen within the following 8 weeks than the
latter group. An additional year of schooling oé tnost educated male in the household was
associated with a 3% increase in the probabiliat tts piped water was being treated. The
finding is noteworthy because the wealth and edrcédvels of households in the sample were
above the national average. If ignorance of enwemial risks is pervasive, estimates of the
demand for environmental quality that assume fifiiimation must be misleadiri.

So we return to requirements (i)-(iii). In theiosk on the economics of climate change,
Cline (1992) and Stern (2006) met (i) and (iii)edity (Section 12.3). Several recent valuation
studies have met requirement (i) by estimatingptiegluction functiorfor nature's service (e.g.,
pollination as a function of the distance to a $trgrimary productivity as a function of

'® Determining the "willingness to pay" for changesisk involves additional problems. See Smith
and Desvouges (1987).
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biodiversity; net reproduction rate of a speciési, have otherwise assumed that market data
are more or less sufficient to meet the other reqents.’ Pattanayak and Kramer (2001) and
Pattanayak and Butri (2005), for example, constdic hydrological model to measure the
contribution of upland forests to farm productivigownstream. Hassan (2002) used
quantitative models of woody land resources in ISdAfrica to estimate the value to rural
inhabitants of (among other resources) the FynBame, which dominates sandy soils there.
Barbier (1994) and Gren at al. (1994) used formalagical models to compile a catalogue of
the various services that are provided by wetlatgheir study of wetlands in northern
Nigeria, Acharya (2000) and Acharya and BarbierO@®Oapplied models of ground water
recharge to show that the contribution wetlandsentakrecharging the basins is some 6% of
farm incomes. That's a large figure.

The welfare economics of climate change requin@ ¢tarbon in the atmosphere is
priced. The early literature on the subject dilatte a spatial component to that price. A figure
of 20 US dollars per ton for carbon's global shagoise was suggested by Fankhauser (1995)
and Pearce et al. (1996). That figure has been insée World Bank's work on sustainable
development (Section 10.2). But there are likelyo# enormous regional variations in the
impact of global climate change on economic agtilRosenzweig and Hillel, 1998;
Mendelsohn et al., 2006; Dinar et al., 2008). Agtige in semi-arid tropical countries is
expected to suffer from warming, while in temperaggions it will probably benefit. If we
apply distributional weights to the losses and gjathe disparity is bigger than the nominal
figures that have been suggested, because therfgnmgp of countries are almost all poor
while the latter are middle-income to rich. Usingaage of climate models, Mendelsohn et al.
(2006) have published estimates of losses and gaiear 2100. The authors aggregated five
sectors: agriculture, water, energy, timber, anast Depending on the scenario, they found
that the poorest countries (almost all in Africeg kkely to suffer damages from 12% to 23% of
their GDP, while the range of impacts on the ritloesintries (North America and northern
Europe) is from damages of 0.1% tgain of 0.9% of their GDP. Dinar et al. (2008) fearttha
with warming, the agricultural income in the semdaropics could be more than halved in
2100 from its projected value in the case whereeti®no warming. But these estimates are
based on market prices. If distributional weights @pplied to obtain a global shadow price of
carbon, it would be a lot higher than if we werer@heto add the regional gains and losses. It
should also be noted that the effects of climatghk on health and the environment (e.g. loss

" See Dasgupta (1982), Dobson et al. (1997), Ba(P@90), Turner et al. (2000), and Tilman et al.
(2005) for illustrations of ecosystem productiondtions and the corresponding dynamics of the socio
ecological systems.
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of species) were not included in those estimates.

Determining the shadow prices of ecological cépisaets should now be central to the
research agenda in development economics. Hassdn (B005) and Carpenter et al. (2005)
contain the kind of information that would provesfug in such exercises. We would have been
far ahead in the development of policies that helalleviate poverty in poor countries had
development economists and policy makers takenalatapital seriously in the past.

What is the point of basing shadow prices solelyooe particular use-value when we
know that natural capital often possesses otharesatoo? The answer is that the method
provides us withbiased estimates of shadow prices. That can be usefornmdtion. For
example, in a beautiful paper on the optimal réteaovest of blue whales, Spence (1974) took
the shadow price of whales to be the market valuthar flesh, a seemingly absurd and
repugnant move. But on estimating the populatiawtr functions of blue whales and the
harvest-cost functions, he found that under a wage of plausible parameter values it would
be most profitable commercially for the internaibwhaling industry to agree to a moratorium
until the desired long-run population size was hned¢ and for the industry to subsequently
harvest the whales at a rate equal to the popnistiptimal sustainable yieldl.in Spence's
analysis, preservation was recommended solely ommacial ground. But if preservation is
justified when the shadow price of blue whales stingated from their market price, the
recommendation would, obviously, be reinforcedhdit intrinsic worth were to be added. This
was the point of Spence's exercise.

9 Social Well-Being and Comprehensive Wealth

Social well-being is very difficult to estimaterelitly because it is a non-linear function
of the flow of goods and services. We seek a limeex that moves in unison with social well-
being. Shadow prices are essential for the task.

9.1 A Unifying Mode

Imagine that we have estimated shadow prices ®@bdbis of the information covering
requirements (i)-(iii). Let us now use those priassveights to construct an aggregate index of
the economy's comprehensive stock of capital as§hes assets on the list include not only
reproducible capital (roads, buildings, machinestruments) and human capital (health, human
talents, education), but also population numbedsretural capital. Moreover, the list contains
"knowledge", including scientific and technologi&albwledge, and institutional capabilities.

It is typically assumed in economic models, thqutitat changes in some of the

'8 During the moratorium the whale population grovistte fastest possible rate. In Spence's
numerical computations, the commercially most-pabfe duration of the moratorium was found to be
some 10-15 years.
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economic variables are exogenous. Growth or dedhlirgpulation, and movements in total
factor productivity (TFP) and the price of impoai® typical examples. Below | show that an
obvious way to accommodate exogenous changes moeo variables is to regatune also as

a capital asset.

Call the aggregate index of the economy's compsethe stock of capital assets we have
thus constructed, itomprehensive wealtkFormally

Definition 2. An economy's comprehensive wealthaég{shadow) value of all its capital
assets.

We will find it useful to separate time from allher assets. So let all capital assets
excepting for time be indexed hyLet K(t) be the stock of assett timet(z O) andK(t) the
corresponding vector of assets. We assume thatafdheK;s is a global public good (but see
Section 10.2). LeY/(t) be social well-being d@t We know that/(t) = V(K(t),t). In the Appendix
we study the standard representationv(ij. Let pi(t) be asset's (spot) shadow price (i.e.,
p(t)=0av(t)/oK,(t); see Appendix) and(t) the (spot) shadow price of time (i.e.,
r(t) =V (t)/at); see Appendix). Writing\(t) for the economy’'s comprehensive wealth aie
have

W(t) = rth+ [ (K, (1) (1)

Why should we be interested in comprehensive Wedlhe reason lies in

Proposition 1 A small perturbation to an economy increases (redgcreases) social
well-being if, and only if, holding shadow pricesnstant, it increases (resp., decreases)
comprehensive wealtfi

Proof: LetA denote a small perturbation. Assuming differentiable, we have

AV(t) =[oV /at]at+ z[ov /0K, (t)aK, (t). )
As p,(t)=aVv(t)/aK,(t), equation (2) can be written as

AV(t) =[oV /at]at+ p, (1)AK, (t). QED ©)
Equation (1) and Proposition 1 suggest that cohgmsive wealth (owealth for short)
is a measure of the economgteductive baseMoreover, Proposition 1 says that the reason we

¥ This finding has been proved with increasing galitgr by Hamilton and Clemens (1999),
Dasgupta and Maler (2000), Dasgupta (2001a), andwAet al. (2003a,b). For a more complete
account of the theory, see Dasgupta (2008b). Ruiddsa that movements in wealth should be the basis
on which "sustainable development" is discussedoead aired informally for several years earliee S
Serageldin (1995) and Pearce et al. (1996).
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should be interested in that particular measutbeproductive base is that it moves in unison
with social well-being. Equation (3) is even strenthan Proposition 1. The equation says that
if an economy is perturbed slightly, the changesotial well-being accompanying the

perturbatiorequalsthe change in wealth (at constant shadow pribes)4 caused by it.
Now p, (t)AK, (t) is the shadow value of net investment in aksanhd dV /ot is the

shadow price of time (r(t) in expression (1)). Writg(t) = p, (t)AK, (t). Then equation (3) can

be expressed as

AV (t) =[ov /at]at+ =1, ()] (4)
Definition 2 says that the expression on the rightd side of equation (4) is themprehensive
investmenthat accompanies the perturbation. This meanoBitagn 1 can be re-stated as

Proposition 2 A small perturbation to an economy increases (redgcreases) social
well-being at t if, and only if, the comprehensimeestment at t that accompanies the
perturbation is positive (resp. negativé)

Proposition 1 explains why (comprehensive) wedtlthe correct measure of social
well-being and why it ought to replace GDP, HDIddhe many othemd hocmeasures that are
currently taken to reflect social well-being. Asalih is a linear index of the stocks of the
economy's (comprehensive) list of capital assetsijewsocial well-being is anon-linear
function of its determinants (as in various fornisUtilitarianism, see Appendix), it is a far
more convenient index to use for responding to tjres (B) to (E) than social well-being
itself.

We could imagine that the typical perturbationssdered in Propositions 1-2 involves
positive investments in some assets (e.g. roadbuaiting, education and health), but negative
investments in other assets (e.g., wetlands arebt&)r Proposition 2 says that so long as
comprehensive investment is positive, social weihg increases. Note though that if certain
ecological assets were to become very scarce dtittow prices would be large, signalling that
further declines in their amounts, even when smatuld make a significant dent on
comprehensive investment.

“ It may seem odd to regard the first term in equa(4) as investment, since no one is doing
anything other than wait to see the correspondisgtagrow. As waiting is a cost, it seems to meethe
is nothing wrong in incIudin@V / at]At in our conception of comprehensive investment.

There is no settled term yet for the linear ineex are calling "comprehensive investment"
here. | am borrowing the term from Arrow et al. @2} but it has been called "genuine saving" (World
Bank, 2006), and also "inclusive investment" (Dgsgu 2007). | am hoping that the term
"comprehensive investment" will prevail, because tivid.
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9.2 The Wdfare Significance of Net Domestic Product

Propositions 1-3 also explain whgt domestic produ¢NDP) isn't a measure of social
well-being. To see why, consider a closed econ@mppose there ald consumption goods
and services (they are all flows), labeljedL.et Cj(t) be the consumption ¢fatt andq(t) its
shadow price (Appendix: eq. (A.4)). Write NDR asNDP(t). Using equation (2), we have

NDP(t)=, 54, (t)C, (t) +[ov /atlat+ =[p, (H)aK, ()]

which can be re-expressed as

NDP(t)-, Zq, (t)C, (t) =[aV / at]at+ =[p, (t)aK; (t)] (5)

Proposition 2 and equation (5) together yield

Proposition 3 A small perturbation to an economy increases (redgcreases) social
well-being at t if, and only if, aggregate consuimptis less than (resp. greater than) net
domestic product

Proposition 3 uncovers the welfare content of NDPa classic work, Lindahl (1933)
used what amounts to the obverse of Proposition @efine "income" as the maximum
consumption that an economy can enjoy without reduds wealth. But in recent years
economists have wanted to claim a lot more fordoehestic product. They have wanted to
prove that NDP is proportional to social well-befhi@ut it can be shown th&tDP(t) moves in
unison with\/(t) if, and only if, the conception of social wellibg that is being adopted is
wholly insensitive to inequality among people, getiens, and uncertain contingencies
(Dasgupta and Maler, 1991; Dasgupta, 2008b).

Earlier we distinguished a perturbation at a pantime from a perturbation that
amounts to the passage of time itself. That distindells us that Propositions 1 and 2 can be
interpreted in two ways. We study them in the folly two sections.

10 Comprehensive I nvestment and Sustainable Development

Consider first the passage of time along an ecanéwrecast. The forecast could be,
say, "business as usual".
10.1 TheBasic Theory

Proposition 1 says that the Brundtland Commissionbtion of "sustainable
development" is equivalent to "sustainable sociall-aeing”. For completeness let us define

sustainable development in terms of the latteonoti
Definition 3. An economy enjoys sustainable devesnt at t ifdV/(t)/ dt > 0.

L See Weitzman (1976) and an enormous literatutehtisafollowed that publication (for references,
see Dasgupta, 2008b).

36



Propositions 1 and 2 give us an ethical underpmmo the concept of "sustainable
development” in the sense of the Brundtland ComarnissThey also provide an operational
handle on the concept. On using Proposition 2 afthifion 3, we have

Proposition 4. An economy enjoys sustainable dpweént at t if and only if
comprehensive investment at t is non-negative.

Notice that Propositions 1-4 are equivalence t&s0in their own they can't tell whether
an economy is enjoying sustainable developmenpatrda in time. It could be that owing to bad
policy choices in the past, the economy is expeitgnunsustainable development even though
sustainable development would have been possidiééizer policies been chosen. Worse still,
if substitution possibilities between, say, certaital ecological assets and other assets are
limited and ecological capital has been drawn daminously owing to past profligacy, it
could be that sustainable development simplyfieatible?”

Propositions 1-4 also say why GDP, NDP, HDI, attteoad hocmeasures of social
well-being won't do. It is certainly possible far aconomy's productive base (i.e., wealth) to
grow while GDP, say, increases, which is no doupgtn of economic development we all
would like to follow. But it is also possible fon&conomy's productive basestarink during a
period when GDP (or even NDP) grof¥sThe problem is that no one would notice the
shrinking if everyone's eyes were riveted to GDEhd economy's productive base continues to
shrink, economic growth sooner or later stops awedrses sign. GDP will then decline, as will
the standard of living, but no one would suspeat ¢fall was in store. So, growth in GDP per
head can encourage us to think that all is wellerwit isn't. In that regard, the Human
Development Index, oHDI, is no better: it is possible for a country's HDlincrease even
while its productive base shrinks. This means #iat too can mislead (for illustrations based
on international data, see Section 10.3).

Propositions 1, 2, and 4 also imply that the hagwirical literature on the factors
influencing economic growth, admirably surveyedayro (1997), Helpman (2004), Acemoglu
et al. (2005), and Acemoglu (2009) misdirects. €haations that define cross-country growth
regressions have GDP growth on the left hand Sideposition 1, on the other hand, says that
GDP growth should be replaced by growth in compusive wealth. We should want to know
for example, whether, other things being equalitipal and civil liberties, economic and legal

2 proposition 3 would in this case be saying théritt feasible to maintain comprehensive wealth
and at the same time enjoy positive aggregate ogotsan.

% That both are theoretically possible is easy tmatestrate, so | leave it to the reader. Dasgupta

(20014, 2007) and Arrow et al. (2008) illustratedse possibilities using crude data from contenmgora
national accounts. | report a version of their ifiigg below.

37



institutions, or trade liberalization or any onetloé many other features of economies people
take interest in promote the accumulation of cotmgmeive wealth. But for one work, currently
in progress (Aidt, 2009), no one would appear welsiudied such questions empirically. That
there is even today no published study on the sulgeno doubt because there are no reliable
cross-country estimates of comprehensive wealth.tfgen there is no reason for any one to
create such statistics if economists don't askifam. And they will certainly not ask for them if
they continue not to take natural capital seriausly

The one exception is Aidt (2009) who, in a worlgiegress on a large cross section of
countries, has found that indictors of both pemgiand actual corruption are negatively
correlated with growth in comprehensive wealth gagita. The correlation would appear to be
stronger and more robust than the correlation lestwerruption and GDP growth that has been
reported by growth economists (e.g. Mauro, 1995ft'é\ estimates suggest that corrupt
countries have been running down their wealth.

That said, a higher growth rate in even compratiengealth isn't necessarily socially
more desirable. A society’s objective should bprtamote theptimumgrowth in wealth.

If we are to put Propositions 1,2, and 4 to wanldata, we need to find simple formulae
for the various shadow prices. In earlier sectibreported on a small recent literature which
offers estimates of the shadow prices of a numbeatoiral capital assets. Here we look briefly
at simple formulae for the shadow price of time.

Begin with the contribution the "residual” makescbmprehensive investment. In their
empirical work on sustainable development, Arrowaket(2004, 2008) constructed a simple
formula for that contributiondV /ot was shown to be proportional to the residual. diithors
estimated the contribution of the residual on & dof the countries’ macroeconomic data.

Turning to population growth, it could seem inttgtthat in place of wealth the correct
measure of social well-being is wealth per capitafact that intuition is generally speaking
wrong. Dasgupta (2001a) proved that wealth pert@apithe correct index only if (a) social
well-being takes the form of what may be called nayic average utilitarianism” (see
Appendix), (b) population grows (or declines) atoamstant rate, and (c) each of the equations
that represents an economy's accumulation pro@sde expressed in terms solely of per
capita capital stocks. Formally if conditions (e)-dre satisfied, we have

Proposition 5. An economy enjoys sustainable dpwetnt at t if, and only if, at
constant shadow prices (comprehensive) wealth gg@tacdoes not decline at t
10.2 Global Public Goods

What of public goods? LeB(t) be the stock of a global public good tatto be
interpreted here as carbon concentration in thesthereG is an argument in thé-function
of every country. LeK(t) be the vector of assets owned by residents aftopm. If Vp, is
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social well-being irm, we have,

Vin(t) = Vi(Km(1), G(1), 1).
As before, lepn(t) be the vector of shadow prices of all the assetsed by residents of, and
g,,(t)=0V,(t)/0G(t). We noted earlier thas may well be an economic “"good" for countries
in the temperate zone and an economic "bad" itrdipecs. For the formegy, > O; for the latter,
Om < 0. LetE(t) be the net emission rate from countrandE(t), the net aggregate emission. It
follows that

dG(t)/dt=_2(E,,(t) = E(t). (6)

In order to focus on the accumulation®fwrite

|n(t)=Zp, (t)dK (t)/ dit. (7)
Using equation (7), equation (4) generalizes to

dv,(t)/dt=aV, /at+1_(t)+g, (t)dG(t)/ dt. (8)

On using equation (6), equation (8) becomes

dv, (t)/dt=av, /ot +1,(t)+g, ), =(E, 1) 9)

We see next that recent empirical work on sudtégndevelopment has made use of
Proposition 5. But when valuing climate change,allchuthors have made use of equation (9).
10.3 An Application

Hamilton and Clemens (1999) and World Bank (20@6)imated comprehensive
investment in the period 1970-2000 in over 120 taes The authors added crude estimates of
investment in human capital to official estimatésnvestment in reproducible capital. They
then subtractedlisnvestments in natural capital from that sum. Rorestment in human
capital, the authors used expenditures on educasoproxy. To quantify disinvestments in
natural capital, they considered changes in thekstof commercial forests, oil and minerals,
and the concentration of carbon dioxide in the ahere. Oil and minerals were valued at their
market price minus extraction costs. Forests waheed in terms of their market price minus
logging costs. Contributions of forests to ecosystienctions were ignored.

In placing a value to increases in carbon conagatr, Hamilton and Clemens (1999)
and World Bank (2006) made a curious move. Thek the shadow price of global carbon
concentration to be -$20 per togZ(gm(t) in our notation) and multiplied that figure to the
carbon emission rate of a country to arrive addi@age the country suffers from an increase in

carbon concentration. To put it formally, "net b@heto country m from emissions was
identified as [,,g, (t)|E,(t), whereas, as equation (9) shows, the correct farnisi
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9,.(t)],ZE,,({t)]. The two expressions are equal only under vergiapeircumstances (e.g., if

countries are identical).

Arrow et al. (2008) have interpretec (g, (t)) as the global shadow price of carbon in
the atmosphere (-$20 per ton). Using the estimat®tendelssohn et al. (2006), they arrived at
a figure forgy(t) for countrym by calculating the share of the global damagentand
multiplying gn(t) by the global emission ratgSE, (t). In constructing the first column of
figures in Table 1, | have followed that procedure.

The list of natural resources in Hamilton and Gles(1999) was very incomplete. It
didn't include water resources, fisheries, airwaater pollutants, soil, and other ecosystems. On
the other side of the ledger the authors' notiohushan capital was inadequate. Health didn't
enter the calculus, even though life expectancyeased in most poor countries. Moreover,
Hamilton and Clemens had nothing to say about dgrawtpopulation, nor changes in total
factor productivity. In other words, their exerciidn't come close to an analysis of sustainable
development in the contemporary world, where pdmragrowth has been large and total
factor productivity growth has been non-negligitfeirthermore, their estimates of shadow
prices were very crude. Nevertheless, one hasitbssimewhere, and their attempt was a bold,
first pass at what is proving to be an enormousficdlt research programme.

In Dasgupta (2001a) | adapted the Hamilton-Clenestsnates for South Asia, sub-
Saharan Africa, and China, by taking into accowgytation growth and public investment in
education. The theoretical basis of my estimatesRvaposition 5. But | ignored TFP growth in
those economies because | didn't know how to deterthe shadow price of the "residual”.
Arrow et al. (2004) adapted the estimates in Dasg(g001a) by including the residual. They
then went on to ask whether economic developme@outh Asia, sub-Saharan Africa, and
China has been sustainable in recent decades. Tabla refinement of that publication. It
remains averycrude beginning to the study of sustainable deveémt, but again, it's a start.

The places in question are sub-Saharan AfricaglBdash, India, Nepal, and Pakistan
(all poor countries) and China (a middle incomentgy. The period under study is 1970-2000.
The first column of numbers in Table 1 consisteefihements of the estimates of Hamilton and
Clemens of comprehensive investment as a proparfi@DP. | have changed their figures by
adding crude estimates of public expenditures aitthe@nd education and by estimating the
"disinvestment" that corresponds to the increaseaibon concentrationg(,(t)],,=E,,(t)] for
eachm).

The figures in the second column are average apopalation growth rates during the
period and those in the third column are estimafesnnual growth rates of total factor
productivity (TFP), which we interpret here as tmenual percentage rate of change in a
combined index of knowledge and institutions. Idesrapply Proposition 5, | have divided the
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figures in the first column by the ratio of GDP(t@mprehensive) wealth (the figures for which
are explained below). To them | have simply addeel é¢stimates of TFP growth. That
computation gives us an approximation to the (peeage) rates of change of (comprehensive)
wealth at constant shadow prices. If | now subtifaetgrowth rates in population from them, |
arrive at estimates of the annual rate of changesalth per capita. Those estimates are given in
the fourth column.

In national income statistics, capital-outputastare typically in the region 4-5 years. In
our numerical computation, however, "capital” skdog meant to read the shadow value of all
capital assetexcepting for tim¢Arrow et al., 2008). We therefore expect cap@&P ratios to
be greater than 4-5 years. Arrow et al. (2008)reted that capital-GDP ratio in China is in the
region 10-12 years, most probably it is even higheiTable 1, which should be taken to be
purely illustrative of the kind of empirical invegtion in sustainable development that lies
ahead of us, | have assumed the capital-GDP mabe 1.0 years.

Before summarizing the findings, it will be usetoilget a feel for what Table 1 is telling
us. Consider Pakistan. During 1970-2000 compreherisvestment as a proportion of GDP
was 8.8%. TFP increased at an annual rate of 0% oth numbers are positive, Pakistan's
productive base was larger in year 2000 than itdesh in 1970. But take a look at Pakistan's
population, which grew at 2.7% rate annually. Therth column shows that Pakistan's per
capita wealtfdeclinedin consequence, at an annual rate of 1.4%, inglyiat in year 2000 the
average Pakistani was a lot poorer than in 1970.

Interestingly, if we were to judge Pakistan's eenit performance in terms of growth in
GDP per capita, we would obtain a different pictuke the fifth column of Table 1 shows,
Pakistan grew at a respectable 2.2% rate a yeae. tiow look at the sixth column, we find that
the United Nations' Human Development Index (HBf)Pakistan improved during the period.
Movements in GDP per capita and HDI tell us nottabgut sustainable development.

The striking message of Table 1 is that duringd3®J00 economic developmentati
the countries on our list other than China (whi@swa poor country during much of the period
under study) was negative. To be sure, sub-Sal#drana offers no surprise. Comprehensive
investment wasiegative implying that the regiowlisnvested in reproducible capital, human
capital, and natural capital, taken together, ararual rate of 2.1% of GDP. Population grew at
2.7% a year and TFP barely advanced (annual gnat¢h0.1%). Even without performing any
calculation, we should suspect that the produchese per capita in sub-Saharan Africa
declined. The table confirms that it did, at 2.886teyear. If we now look at the fifth column of
numbers, we discover that GDP per capita in sula®ahAfrica remained pretty much
constant. But the region's HDI showed an improveémeaonfirming once again that studying
movements in HDI enables us to say nothing abaiasable development.
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What accounts for the striking difference betweeovements in GDP and wealth
during 1970-2000? There are two factors at wonlstFhe investment ratios in the first column
of numbers in Table 1 are comprehensive investmagiols, and they are lower in each country
than the recorded investment ratio. Secondly, ance nmportantly, the capital-output ratio |
have used to convert figures in the first colummuombers is 10 years, not the 4-5 years that
appear in national statistics.

Table 1 shows that Pakistan is the worst perfoiméne Indian sub-continent. But the
remaining countries in the region also didn't ma@keComprehensive investment in each
country (Bangladesh, India, and Nepal) was positigewas growth in TFP. The two together
imply that the productive base expanded there.pBpulation growth was sufficiently high to
more than neutralize growth in comprehensive wealth

Comprehensive investment in China was 22.7% of Giiitich is a large figure. The
residual was a high 3.6% annually. Population gaew relatively low rate: 1.4% per year. We
shouldn't be surprised that China's wealth pertaaxpanded - as it happens, at an annual rate
of approximately 4.5%. Per capita GDP also greanadannual rate of 7.8%, and HDI improved.
In China, GDP per capita, HDI, and wealth per heasted parallel to one another.

The figures we have just studied are\aly rough and ready, but they show how
accounting for natural capital can make a substadiifference to our conception of the
development process. We should remember thatdbhee8 for several shadow prices | used to
arrive at Table 1 are conservative. For exampleriee of $20 per ton of carbon in the
atmosphere is almost certainly a good deal belswrue global social cost. On the other hand,
Table 1 underestimates improvements in human ¢tagiteeast for India and China. If, instead
of using expenditure on health as proxy, we wenatoe increases in life expectancy in terms
of the value of a statistical life, comprehensimeestment in those countries would be a lot
higher. Nevertheless, with all the above caveatd (aore!) in mind, the message we should
take away is sobering.

It would be wrong though to think that people wop countries should have invested
more by consuming less. In poor countries the prtioln and distribution of goods and services
are highly inefficient, implying that consumptiondacomprehensive investment there do not
compete for a fixed quantity of funds. Better mgions would enable people in the poor world
to both consume more and invest more - comprehagsof course!.

11 Evaluating Policy Reforms

Studying sustainable development requires thatamepare an economy's wealth as it
moves through time. Evaluating policy reforms reggithat we estimate the welfare effects of
perturbations to an economy at a point in time . gimathat at datethe government considers
making a small change to existing policies. Thetypbation could be adjustments to the
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prevailing structure of taxes, it could be altenasi to the existing system of property rightstor i
could be a small conservation project. Call anyhsperturbation apolicy reform The
government needs a criterion by which to judge trethe reform is socially desirable. As the
perturbation is to be introducedtatve haveAt =0 in equations (3) and (4), which therefore
reduce, respectively, to

AV (t)=, Z[I i (t)]’ (10)

and  AV(t)=3][p (t)aK (t)] (11)

Obviously, if the reform is not marginal, equaggii0) and (11) would be invalid. The
traditional method of estimatingV(t) in such a case, which dates back to Dupuit's wotke
nineteenth century, is to estimate the social sargénerated by the reform and add that surplus
to the right hand side of equation (11). An altéweamethod would be to estimate an "average"
of the shadow prices that prevailed before thermefand those that would prevail if the reform
were put in place, and then value changes in thgatassets at those prices. Formally the
method is to apply the "mean value theorem". Wity pi*(t) the "average" shadow price of
asset, we have

Av(t):i Zl.pi* (t)AKi (t)] (12)
11.1 Social Cost-Benefit Analysis

For concreteness we now interpret a "policy refdorbe aproject Equations (10)-(11)
say that a project's (comprehensive) investmensunes its contribution to social well-being.
So we have

Proposition 6. A project should be accepted if amaly if it would increase
(comprehensive) wealth

Proposition 6 says that wealth is the criterionshieuld use for project evaluation. So
project evaluation and the economics of sustaindblelopment involve the same welfare
criterion: wealttf*

Call the flow of social well-being soci&licity. Social well-being is most commonly
taken to be the sum of the (discounted) flow ofaddelicity (equation (13) below). Frequently
it is assumed too that felicity is a function splef the flow of consumption (equation (13)).
Under those assumptions Proposition 5 can be edsiat

Proposition 7. Comprehensive investment measheepresent discounted value of the

4 In Dasgupta (2001b) | have more fully developexirtie comprehensive wealth plays as a unified
criterion in both sustainability analysis and ppkvaluation.
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resulting changes in consumption

Proof: See Appendix.

Proposition 7 is familiar. It is also the basis$ocial cost-benefit analysis, for we have

Proposition 8. The criterion that should be usedevaluate projects socially is the
present discounted value of the flow of the prtgesttadow profits

Together, Propositions 6 and 8 can be combined as

Proposition 9. The present discounted value ofr@ept's (net) profits equals its
contribution to the economy's (comprehensive) \nealt

| am unable to say who first proved Propositioft & implicit in Ramsey (1928), who
studied an economy at the full optimum. Marglin@3P proved the proposition for a simple
imperfect economy and used it to develop a thebsooial cost-benefit analysis (Dasgupta et
al., 1972). Our formulation here shows that Prdpm®s 6-9 are very general, covering as they
do any kind of institutional imperfection. The Poggions form the welfare basis for
responding to questions (D) and (E).

11.2 Evaluating Projectsin Practice

Modern social cost-benefit analysis was develofmedwater resource management
(Eckstein, 1958; Brown and McGuire, 1967). Whatwdrthe attention of development
practitioners to the subject, however, was Litthel dMirrlees (1968, 1974), who developed a
methodology for use in poor countries. Although tligle-Mirrlees method was meant for
imperfect economies, the imperfections it admittede of a limited, structured kind. Dasgupta
et al. (1972) formulated a method for social castdiit analysis that is applicable to a wider
range of imperfect economi&s.Neither publication, however, had a word to sapuab
ecological capital.

Over the years a number of economists have desetlthie theory of policy evaluation
so as to be applicable to environmental projecfsr countries (e.g., Dasgupta, 1982, 2001a;
Hufschmidt et al., 1983; Andersen, 1987; Newcom889; Duraiappah, 1997; Sterner, 2003).
Even so, there are very few case studies, anavibith exploring why.

Although the theory of project evaluation was multitscussed within international
development agencies following the publicationslityle and Mirrlees (see, for example,
Squire and Van der Taak, 1975), the subject appgeanave been dropped there in the early
1980s. As | understand it, even the World Bank dbaad social cost-benefit analy&isAnd |
can't recall ever reading the annudbman Development Repodf the United Nations

% See Dasgupta (1972) for an account of the sitigtarand differences between the two methods.

% Little and Mirrlees (1991) have speculated why.
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Development Programme in which a policy that wasated by its authors had been subjected
to serious economic evaluation. Elimination of exte poverty has been the stated goal among
international development agencies in recent ydauisit would appear to be believed that the
goal can be realized without the help of evaluation

Those who have taken the logic of social costdieaealysis seriously aren't the only
ones who have complained. Proponents of "randorargmpnts” as a method for evaluating the
effectiveness of policy reforms in poor countriesén complained too (e.g., Duflo and Kremer,
2005). However, social cost-benefit analysis, emgbnse in which | am using the term here, is a
different species of evaluation technique from canied trials. The latter identifies the
welfare impacts of a well-defined programme, whstiould be interpreted as a policy reform.
Randomized experiments would seem to be most statpdogrammes that target individuals
or local communities in education, health, and tation. Kremer and Miguel (2006), for
example, is an illuminating exercise. The investigaconducted randomized experiments on a
Kenyan programme involving the de-worming of intest parasites. They found that there is
no realistic alternative to large long term extésuibsidies on de-worming drugs. For example,
charging a small fee for de-worming drugs redubeddemand for treatment by 80%. Intensive
school health education intervention had no ef@ectworm prevention behaviour. It would
seem that the private value on de-worming is v@nyih Kenya.

The strengths and limitations of random experismes a policy evaluation tool were
brought out in a classic paper by Heckman (1992)hé context of environmental projects, it
should be assumed that randomized experimentshaié been conducted by ecologists in
order to determine the response ecosystems makstiicbances (e.g., the toxicity of chemicals
in water systems). We take it that feasibility nreépamf environmental projects are based on,
among other pieces of information, the findingswéh experiments. When a report arrives on a
government decision-maker's desk, however, hesjtbevaluate it, period.

It has been said that social cost-benefit analgsieo difficult in practice. Estimating
shadow prices is no easy matter. Future unceeaiatbound and influence shadow prices. One
way to work round that problem is to conduct s@ngitanalysis, by varying parameter values
in projects and evaluating the project variantde®the best the evaluator can do is to offer a
spread of recommendations: "Accept the projettdfrange of parameter values is R, reject it if
the range is outside it" (see Dasgupta et al., 1972

One way to make social cost-benefit analysis neutvould be to conduct retrospective
studies. One imagines that the World Bank, for gplejrhas in store a large pool of project
reports. A comparison could be made between a giojeventual performance and the
expectations that had led to its acceptance. Ibbes said, for example, that infrastructure costs
are almost invariably underestimated at the plapstage. If the claim is true, systematic cost
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overruns could be used to raise projected costarirent project evaluation. Ecological capital
can be subjected to the same kind of exercise.

Duflo and Pande (2007) is an example of the valueetrospective evaluation. The
authors studied the economic effects of large scagation dams in India. They found that
while downstream districts gained (agricultural qurctivity increased and volatility in
productivity declined), the districts where the danere built enjoyed only a negligible increase
in agricultural productivity even while they expmarced a rise in volatility. The latter group
could therefore be regarded as having become pddrat should be useful information when
dams are proposed in the future.

If policies are to be evaluated, there is no e@sgegocial cost-benefit analysis. No doubt
methodological corners have to be cut in pracbog,anchoring evaluation exercises to theory
forces practitioners to make clear what cornersbaieg cut. That is good disciplinad hoc
evaluation procedures, usually developed to seitcdse in hand, can often be nothing more
than a reflection of the evaluator's prior beliabout the merits of the case. They may even
reflect the evaluator's political prejudices.

Project evaluation, for example, is a way to debee whether restoring ecological
capital is better than installing substitute forofiscapital. In a well known study Chichilnisky
and Heal (1998) compared the costs of restoringCiuskill Watershed in New York State,
whose ecological function in the past had been gnatimer things to purify water, to the costs
of building a water-purification plant, which wouhdve been 8 billion US dollars. The authors
showed the overwhelming economic advantages abreg&in over construction. Independent
of the many other services the Catskill watershexiges and ignoring the annual running
costs of 300 million US dollars for a filtrationgpit, the capital costs alone showed a more than
6-fold advantage for investing in the ecosystem.

The Chichilniski-Heal study took the social objeet(the supply of purified water to
New York City) as given. They sought to identifyetltost-effective way to achieve an
incontrovertible objective. Project evaluation maenerally compares the costs with the
benefits in order to determine whether a projecukhbe accepted. Perhaps for those reasons
evaluation of ecological projects continues todre.rOf the most comprehensive case studies |
have come across, two were among the earliesirity pile the other pair is of recent vintage.

In a pioneering monograph on a pair of a-forestarojects in northern Nigeria,
Andersen (1987) studied the contributions sheltertand farm trees, respectively, make to
both household and farm productivity - by supplylmglding material, fuel-wood, fruit, and
fodder; and preserving soil and retaining moistlitee internal rate of return on investment in
shelter-beds was found to be 15%; the corresporigjage for farm trees was 19%. It is hard to
imagine that social discount rates would be anyatss high as those figures. We should
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conclude that both were socially profitable pragect

In an equally interesting exercise, Newcombe (18&9d that population pressure had
led to rural deforestation in the regions of Debe#t and Debre Berhan, Ethiopia. Subsistence
farmers had therefore turned to dung as a sourbewsehold fuel. Newcombe showed that a-
forestation would enable farmers to switch to wagel-as a source of household energy,
thereby releasing dung for use as fertilizer. Hémeded that the rates of return on such
investment were in the astonishingly high range’r@%, depending on assumptions made on
fuel-wood yield and the productivity of dung in @giture.

Kakujaha-Matundu and Perrings (2000) containsxaemional cost-benefit analysis of
the relative social merits of livestock and wildliin the Nyae Nyae rangeland of Namibia.
Livestock offer meat and milk to herders, whiledhfe attracts tourists. The rate of return on
livestock herding was found to be 10% a year, ¢imatvildlife conservation about 14.5%. The
authors showed that if the rangeland were to benafly partitioned into the two activities,
70% of Nyae Nyae would be committed to wildlife servation. Earlier, we noted that a PES
system could be instituted to provide incentivesht® inhabitants of the Nyae Nyae region to
conserve wildlife.

The other study, by Whittington et al. (2008), leages alternative methods for clean
water to households. The authors observe thatdakéional method in rich countries involves
centralized water supply sources and wastewatestntent faciliies, combined with
comprehensive pipe networks for water distributond sewage collection. But they go on to
show that this method may not be the most costtaféein poor countries. They do that first by
evaluating a project in rural Africa that invesighe construction of deep boreholes with public
hand pumps. The benefits that are considered iadleductions in the incidence of diarrhoea.
At social discount rates of 3-6% a year the prigeszicial profitability was found to be high (the
benefit-cost ratio was approximately 3).

Whittington et al. (2008) also evaluate a comnyui@tl campaign in Bangladesh to free
localities of open defecation. Among the costshes ¢onstruction of communal latrines. The
authors recognise that the facilities would no $eduf they are found to be inconvenient. Even
so, at social discount rates of 3-6%, the beneft-catios of the programme were found to
range from 2.4 to 7.5 depending on the sites chod®s moral is important: in designing the
supply of household water and sanitation faciljitiee context matters.

12 Discounting Climate Change

Perhaps the most vigorous application of socist-benefit analysis in recent years has
been to the economics of climate change. Promiagaimples are Cline (1992), Nordhaus
(1994, 2008) and Stern (2006). That Cline and Stmanhed a very different conclusion on the
optimaltiming of global efforts to curb climate change from tme reached by Nordhaus was
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noted and discussed in Dasgupta (2007b) and NasdR&07). As intergenerational ethics lies
at the heart of the welfare economics of climagngde, it is useful to review the issues.
12.1 Global Activism Now or Later?

The current concentration of carbon dioxide indbmosphere is 385 parts per million
(ppm). We are to imagine that there is a world goent that can enforce whatever action is
required to implement world optimum. Suppose the global objective is to liomihcentration
to 500 ppm. Cline and Stern argued that the wdntdilsl spend substantial sums starting today
(Stern's figure amounts to 2% of the GDP of richams). Nordhaus (1994, 2008) in contrast
has argued that it would be more equitable andieffi to invest in reproducible capital and
human capital now so as to build up the produdtizse of economies - including, especially,
poor countries. He has proposed an upward slodintate policy ramp of ever tightening
reductions in carbon emissions over the y&ars.

The difference between the two recommendationsbeatraced to differences in the
authors' conceptions of intergenerational equity ¥énfirm below that as global warming
involves the long run (100 years and more), ecoo@waluation of climate policies is sensitive
to the choice of social discount rates.

Thenumerairein social cost-benefit analysis is typically aatetinant of social felicity.
Most commonly the chosen determinant is aggregatsumption (or income) per head. We
continue to assume a deterministic world. As be¥dte denote social well-being atand let
U(t) be social felicity per capita atlIf c(t) is consumption per head, all three authors assume
U(t) = U(c(t)). The present value shadow pricec(ij is called thesocial discount factorThe
social discount ratett, which we write aso(t), is defined as the percentage rate of decline in
the social discount factor. Suppose by way of ttat®n (but see Appendix) that social well-
beingat =0 is

vO)=[" Ll wheres>o. (13)

Until Section 12.4 we are to interpretas per capita world consumption avi@) in
equation (13) as global well-being. Assume thatititegral in expression (13) exists. In the

Appendix we confirm that in consumptiomumeraire the social discount factor dtis
[du(c(t))/dc(t)le®. Let a(c(t)) be the elasticity of marginal felicity. As is UWvknown, social

" See also Schelling (1999). The Nordhaus-Schefinegcription is widely misconstrued. How can
they be so callous, it is asked, as to recommempaliay that could lead to a submersion of the
(currently) densely populated coastal region ofddaatesh? In fact their thesis recommends Bangladesh
to grow in wealth so as to enable coastal inhatsittonmigrate and find employment elsewhere in the
country. This may not be a realistic nor aesthiyicappealing prescription, but it isn't ethically
repugnant.
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aversion to consumption inequality among individualquires thai(c(t))>0. | follow the three
authors by assuming thatis independent af(t). Write the percentage rate of change(th as
g(c(t)). A simple calculation shows that

plt) = o+ ag(clt)) (14)
12.2 Negative Discount Rates

We confirm below that Cline, Nordhaus, and Steamehassumed that >1. From
equation (14), we note thatgfc(t)) is forecast to be positiveo(t) is positive. Notice though

that if g(c(t)) is forecast to be negative adds small, thenp(t) is negative. To illustrate,
suppose = 0,m = 2, andg(C) = -1% per year. Then equation (14) says -2% per year. |
have colleagues in the US who find illustrationgoiming negative economic growth to be
unrealistic. Recall though from Table 1 that subeBan Africa suffered from negative growth
during 1970-2000. What discount rates should gowent project evaluators there have chosen
in 1970 if they had an approximately correct fost@d the shape of things to come?

That negative growth rates in consumption canympbative social rates discount rates
is significant because people in the tropics &edylito suffer greatly from climate change under
business as usual. Moreover, the possibility ofatieg growth in consumption takes an
interesting turn when we come to consider uncegtamfuture consumption (see Section 12.4).
12.3 The Welfare Economics of Climate Change

The most-preferred values 6fand a in Cline (1992), Nordhaus (1994) and Stern
(2006), respectively, were as follows:

Cline:6=0;0=1.5

Nordhausb = 3% a yearg = 1

Stern: = 0.1% a yeam = 1
Notice the closeness between the parameter vadsesnad by Cline and Stern. That explains
why their recommendations on the timing of expeandion climate change were very similar.
Unfortunately, despite the closeness, there wasefeaoence to Cline's work in the version of
Stern (2006) that was circulated prior to publmatiAnd there was only a perfunctory reference
to Cline in Stern (2006) and no mention that theeommendations were similar. The custom
of having texts screened by independent referessdesigned more than three centuries ago to
prevent such acts of omission. Priority should ematt

The point estimate af(c(t)) under business as usual in Stern (2006) was A ¥éar.
Using this figure in equation (14) yields

p(t) = 2.05% a year for Cline

p(t) = 4.30% a year for Nordhaus

p(t) = 1.40% a year for Stern
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4.3% a year may not seem very different from 1.4¢éaa, but is in fact a lot higher when put to
work on the economics of the long run. Just howhrhugher can be seen from the fact that the
present-value of a given loss in consumption, owsay, to climate change 100 years from
now, if discounted at 4.3% a yearssventeetimes smaller than the present-value of that same
consumption loss if the discount rate used is Jadféar. The moral is banal: If the time horizon
is long, even small differences in social discotates can mean large differences in the
message cost-benefit analysis gives us. The diiferbetween the prescriptions in Cline (1992)
and Stern (2006), on the one hand, and Nordha@t),18n the other, have little to do with
differences in the climate models the authors wibrkéh, they have all to do with differences
in the way the authors interpret intergeneratiawity. Nordhaus (2007) confirms that by
using Stern's specifications foranda in the climate-change model he has developed theer
past two decades. It should be noted that in oumemgal illustration, Nordhaus' choice of
,o(t): 4.30% a year would be consistent with the US gowent's discount rate policy (on the
latter, see Viscusi, 2007).

In a recent book Nordhaus (2008) has chosen eefigu4% a year to discount changes
in future consumption. He has justified the figoregrounds that it is approximately the long
run risk-free interest rate in the US, which ameuet the claim that the risk-free rate is the
social rate of return on investment.

I have not understood the underlying logic. Theiaodiscount rate on consumption
equals the social rate of return on investmentfirlp optimum economy. But 4% a year is an
observed figure in a world riddled with the extditres carbon emissions give rise to. The
atmosphere is even now more or less an open aglokss common. For all we know the social
rate of return on certain forms of investment (eagrbon intensive investment) is today
negative. Over three decades ago Brock (1977) nefetedly that the marginal product of
private capital would be biased upward in a madaeetnomy due to an overuse of nature’s
inputs. His argument was that the marginal prodticapital increases with nature’s inputs and
that the latter are underpriced. Of course, iegtimate to seleghvestmenasnumeraireand
base the justification of 4% a year on that chdBé.if one selects investment msmerairein
an imperfect economy, consumption must be re-vahtetis shadow price (Marglin, 1963;
Dasgupta et al., 1972; Little and Mirrlees, 19Nprdhaus doesn't do that revaluation.

It should be a requirement of any exercise inatoobst-benefit analysis that it be
subjected to sensitivity tests. In the economicsliofate change, alternative climate scenarios,
taken from publications of the Intergovernmentahdtafor Climate Change (IPCC) have
featured prominently. But social cost-benefit as@lyinvolves the use of "value" parameters
too. In the formulation adopted by Cline, Nordharg] Stern, the value parameterséaaado.
Curiously, Stern (2006) contains no simulation ihickh 6 and a were made to assume

50



alternative numerical values. It is almost as tlwodhge values Stern chose came from
Government House. But that's hardly the way to @tfare economics. We have little prior
intuition of whato anda imply in elaborate models of global climate changkich is all the
more reason why project evaluation should inclutégraative figures for value parameters.

It has been argued by philosophers that, leavsideathe possibility of collective
extinction, 8 should be taken to be zero (Rawls, 1972; Broor8®2)L On the other hand,
Koopmans (1960, 1972) proved that a set of intelyiappealing ethical axioms on infinite
felicity streams, when taken together, demand dtsdtould be positive. In Dasgupta (2008c) |
putd anda to a test by calculating the optimum rate of comgtion in a classroom model of
consumption and capital accumulation. Assurniig 0.1% a year and the rate of return on
investment to be 4% a year (which is an altogetbey generous figure), | found thatoif= 1,
the optimum saving rate is over 95% of GDP. Butb& %aving rate is an absurdly heavy
burden on the present generation, in a world whetee generations will be increasingly rich
owing to the productivity of capital. The calcutatisuggested, at least to me, that 1 reflects
an ethics that is insensitive to intergeneratiomaguality.

12.4 Social Aversionsto Inequality and Risk

Larger values ofx suggest themselves, in the range 1.5 to 3 (seexéeises in
Dasgupta, 2008c). As is a measure ahequality aversionlarger values would recommend
lower rates of saving in a deterministic world. That Wdolessen the burden on the current
generation. But the future is uncertain. If sogiall-being under uncertainty is taken to be the
expectation of the present discounted value ostime of social felicitiesy is a measure afsk
aversionas well. It can be shown thawif> 1, uncertainty in the rate of return on invesihis a
reason for savingiorefor the future (Levhari and Srinivasan, 1969). fiessage is awkward:
as o has a dual role in intergenerational ethics, @atrs a tension between two opposing
considerations.

Letc (t) be the uncertain consumption level per headradr mathematical tractibility, |
assume now that time is discrete=(0,1,...). Equation (14) says that if E is thgentation
operator, expected social well-being can be wriien

Ejv(0)] = E{,="[uE(t))/a+ o)}, s=0. (15)

Pesaran et al. (2007) and Weitzman (2007) haversttieat if uncertainty over future
consumption possibilities is determined economadtyidrom past observations, it will have a
"thick” lower tail (e.g. a power function), imphgnthat there is a positive chance of
consumption dropping as close to zero as you deald Weitzman gave colour to his analysis
by alluding to "catastrophic” events that could edmthe wake of climate change. The authors
showed that ifa =1, and the horizon is infinite, and the uncertaimig a thick lower tail, the
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precautionary motive for saving becomes so gre&d asnder the concept of intergenerational
justice embodied in equation (15) incoherent. Fdgmtne integral in equation (15) diverges
and social cost-benefit analysis becomes meanmgles

The matter is worse, in that a much stronger témd been known for years. Dasgupta
(2008c) used the model of capital accumulationemhari and Srinivasan (1969) to show that if
a > 1 and the horizon is infinite and the unceriaintfuture consumption possibilities is "large”
relative to other parameters, expression (15) doesnvergesven ifthe probability distribution
overc(t) at each date is "thin" tailed, as in the cagh®log normal distribution.

How disturbed should we be by this result? Notmuwue so it seems to me. The most
recent publications of IPCC contain only a finitewber of scenarios, none of which considers
it to be even a remote possibility that consumptiolh decline to zero. Moreover, a major
artificiality in the models studied by Cline, Noaldls and Stern is the assumption that 1.
Many years ago Arrow (1965) offered reasons asipwe should work with felicity functions
that are bounded at both ends. He argued in fawbul-functions for whicha(c) increases
monotonically from values less than one to valuestgr than one. If we invoke such felicity
functions, the paradox of infinity generated bgéarisks would not occif.

Global project evaluation should involve the u$eaamore disaggregated version of
social well-being than expression (15). bgtandc;, respectively, be average consumption in
the poor and rich worlds. And |, andN; be their respective population sizes. An appealing
extension of expression (15) would be

V()= el (05, () L OV, ) ). 0. as)

If o is taken to be constant in expression (16), idabn three roles. It is a measure of
inequality aversion among contemporaries, acrogs generations, and across uncertain
contingencies. And that may be too much for a sipgrameter to do adequately. Which is also
why non-constant's suggest themselves.

12.5 Climate Treaties

% There are two other assumptions underlying exjme<45) that are surely artifacts: the constant
hazard rate&) for humanity's extinction and an infinite horizdbne way to ensure that the ethical
framework we invoke doesn't have contradictionsmatter how large the uncertainty would be to to
abandon the infinite time horizon. But the choi€@aderminal date would at best be arbitrary. Tihat
why economists have avoided working with finitedifmorizon models.

Another possible way out would be to continue tstplate an infinite time horizon, but
formalize humanity's extinction process in terms tfazard rate that increases in an unboundedfashi
over time at a sufficiently high rate. The problsnthat we have little intuition on how to formwdahat
in a way that is scientifically reasonable.
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Maximizing expression (13) (more so, expressid))(pbresumes an enlightened world
government. So, the social cost-benefit analygisrted in, for example, Stern (2006) is a pure
abstraction. In the absence of an overarching atithwe can at best hope for agreements
among nations that are self-enforcing. Anthropogetiimate change involves reciprocal
externalities (Section 6), which is why the forroatiof coalitions in the face of reciprocal
externalities and the policies that are likely toeege on the basis of international negotiations
has received much attention over the years (Barté@4, 2003; Carraro, 2002; Finus and
Runshagen, 2003; Uzawa, 2003; Carraro and Frag@élli4; Dutta and Radner, 2004, are
among the prominent contributions). By "self-enfiogt, one means an agreement with the
property that if a party expects those others wielsigned the agreement to abide by it, then it
is in the interest of that party to abide by it;tdwat is, the agreement is a Nash equilibrium. In
negotiations over climate change, the parties anatdes. Barrett (1994, 2003) and Dutta and
Radner (2004), among others, have argued thatybm rotocol didn't lay the groundwork for
a self-enforcing treaty. They used that to expleny the Protocol has been a disappointment.

As countries differ in size, wealth, and locatibiash equilibrium is not unique. Among
equilibrium outcomes is the "null-treaty”, meangigbal non-cooperation, commonly referred
to as "business as usual'. Treaties would howewéer dn their efficiency and in the
distribution of benefits and burdens. It is a featof equilibrium outcomes that not all countries
would be party to potential treaties; some (amdmgnt some small countries) would free ride.
Among the choices to be made in designing a traagyadaptation and mitigation measures.
The costs and benefits involving the two kindsheeistment would be expected to differ among
countries. So, economists who study the politicahemy of climate change face the problem
of having to explain which equilibrium would be esgiied. Factors outside theoretical models
would be particularly relevant here. The poweriof rcountries could be expected to tilt the
selection toward their favour.

In an interesting and important paper, BarrettO80observes that although it is
frequently claimed that adaptation and mitigatiae @omplements, they are more like
substitutes. As countries invest more in the forrtiezy suffer less from climate change and
find mitigation less attractive. But mitigation asglobal public good ("windmills”), whereas
adaptation is a national public good ("dikes"). @ae imagine a situation where the globally
optimal investment policy obtained from maximiziexpression (16) would have every country
invest in windmills, but where the non-cooperatequilibrium is one where each country
constructs only dikes. Imagine that the ideal yéaith appropriate, credible side payments)
sustains a high level of participation and requsesmany windmills to be built that no one
needs to construct dikes. Barrett constructs ex@snphere, nevertheless, the treaties that are
signed are ones under which rich countries cortstlikes and pollute the atmosphere, leaving
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poor countries not so much high and dry, as "lodaat". Such an ominous possibility cannot
yet be ruled out.
13 Conclusions

In this paper | have reviewed what seems to méeidhe most salient issues in
ecological economics when the subject is appligdedield of economic development. My aim
here has not been to be scholastic but to exareéves of the world's poor so as to unearth
the role of natural capital there. | will have serded if the account here of the processes that
characterise human-nature interactions reads eliffigr from the accounts in recent surveys of
both development economics and environmental ssaliree economics.

| began with the micro-foundations of rural ingiibns in poor regions and offered a
picture of rural poverty in terms of household ascé the local natural-resource base. The
findings documented bring to date those | repariddasgupta (1993). This article is a natural
extension of the earlier work and has advanced meigh the same viewpoint as that did about
the processes that shape world poverty.

The concept of sustainable development was explora macroeconomic setting and
an empirical study was conducted on the charadteccanomic development in the world's
poorest regions in the last quarter of the prevommury. Natural capital was for the most part
seen as "private" goods, in the sense of not eindy consumable. In the final section there
was a discussion of global climate as a "publi@dyo

What can we conclude from our analysis? It seemse the following should be noted:

(1) The socio-ecological processes that shapesragtrpoverty in the world's poor
regions run at different speeds and operate ardiif spatial scales. Disasters occur frequently
in the poor world, but unlike famines, civil waemd hurricanes, their occurrence is localised
and confined to small groups. That is why it isydasoverlook them.

(2) The externalities that the use of ecologiegdital gives rise to are not confined to
market failure, they are expressions of institudiofailure in its widest sense: failure at the
international level, the level of the state, of coumities, of households. The locus of failure
depends, among other things, on the ecologicatatapiquestion. The cause of eutrophication
of a village pond in West Bengal is very differémm the cause of dead zones in the Gulf of
Mexico.

(3) We should be circumspect about market-friensibfutions to environmental
problems. Externality markets are inevitably thimeaning that without a sympathetic
involvement of the state, the elite would be expédo enjoy the spoils from ecological
services.

(4) The protection and promotion of ecologicalitzps encouraged in systems where
payment is made to owners for the ecological sesvipovided by their capital assets. Whether
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payment for ecosystem services should be madeehlyetheficiaries or the state depends on the
context.

(5) The persistence of rural poverty is tied bwthhe fragile state of the local natural-
resource base and the rate of population growth.tf causality isn't unidirectional. Each
variable would be endogenous in any model thatkspieehuman-nature interchanges.

(6) Both economic theory and empirical studies eh@hown that devolution of
management powers over the local natural-resowsse Is, generally speaking, good for the
environment and good for poverty alleviation. Batetssewhere in economics, mixed systems
work best. Textbook states would ensure that tte kelite don't take a disproportionate amount
from the commons. Where the state is weak or corNBOs can play a major role in keeping
the state at bay and the elite from enjoying tHk bithe services from nature.

(7) As a macroeconomic statistics of social wellly, GDP per capita is singularly bad.
So is the United Nations Human Development IndeRI{HAmong other shortcomings, GDP
per head and HDI ignore depreciation of capitak @eficiency can be alarming in the world
we live in (Table 1).

(8) The statistic that moves in unison with sowiall-being (by the latter we mean an
aggregate of the well-beings of the present anduéllire generations) is a comprehensive
measure of wealth, which is the social worth ofeannomy’s entire stock of capital assets,
including not only reproducible capital, human talpiand knowledge and institutions, but also
natural capital.

(9) Comprehensive wealth (or wealth for short) d¢sn used both for evaluation
exercises and for assessing whether developmebeleasor is forecast to be) sustainable.

(10) Although there are still only a few rigoratsdies in social cost-benefit analysis of
environmental projects, the message we shouldatakg from them is that projects that protect
and promote natural capital can be socially veofifable.

(11) The relative appeal of alternative policiewdrd mitigating or adapting to climate
change is sensitive to the choice of social distoates. As we still have little intuitive
understanding of parameters reflecting ethical esgluevaluation exercises should contain
sensitivity analysis.

(12) Statistics (albeit very crude) suggest thdhe final quarter of the twentieth century
South Asia and sub-Saharan Africa experienced andem wealth per head, even though
South Asia enjoyed positive growth in GDP per haad improvements in HDI, while sub-
Saharan Africa enjoyed an improvement in HDI bytezienced a small decline in GDP per
head. The data suggest that China in contrastwietloa path of sustainable development. It
bears emphasis though that the empirical exensis#ving Table 1 is so crude and incomplete
that the Chinese data misrepresent the situateme.tibespite the caveats, the moral is that the
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macroeconomic history of nations looks very différ&hen nature is included as a capital asset
in economic activity.

(13) The problem of climate change as faced by poontries can only be addressed at
the collective level of nations. But case studigggest that so far the environmental problems
the rural poor face have been caused by instiitiGailure at the national and community
levels. The composition of commodity demands frach countries can certainly veer poor
countries toward unsustainable resource use. Buotr pountries usually have choices.
Moreover, there is enough inefficiency in poor does to enable governments there to identify
policies that both protect and promote naturaltehpind alleviate poverty. The idea that the
poor world can enjoy sustainable development oriigmthere are significant improvement in
the international economic architecture is belig@¥idence on village life in poor countries.

The overarching moral that emerges from the ssudiave presented here may appear
banal, but is salutary:

Development policies that ignore our reliance arolegical capital are seriously
harmful - they don't pass the mildest test for ggamong contemporaries, nor among people
separated by time and uncertain contingencies
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Appendix

We develop the simplest version of Propositiods As in the text, assume that time is
continuous. Denote it variously Is;andt(szt > O). So as to keep the analysis to essentials, we
avoid talking explicitly about future uncertaintyyt readers may, if they so choose, interpret
social well-being (expression (A.1) below) &xpectedsocial well-being, and future
consumption flows and capital stocks as state wgetit vectors.

Because it isn't possible to specify a final datehe economy with certainty, the future
is taken to be infinitely long (expression (A.1)).
A.1 Economic Perturbation as Movement Through Time: Sustainable Development

What follows is a formal account of the theory eleped in Section 10.1. Lé&l(s)
denote a vector of consumption flows at tism€(s) includes not only standard consumption
goods, but also leisure and consumption servigaglied by nature. Some consumption goods
are marketed, others are not. Consumption goodadered by. LetK(s) denote the quantities
of a comprehensive list of capital assets dihose quantities are stocks. For simplicity, assu
that demographic changes, movements in total fapctmtuctivity, and changes in import prices
are exogenous. We will incorporate those exogenbasges into the notion of comprehensive
investment by regarding time also as a capitat&3#e in the text, all capital assets other than
time are indexed by
A.1.1TheFormal Analyss

To fix ideas, assume population is constant. WE(s),K(s)) be (social)felicity at s.
Denote social well-being aby V/(t). V(t) is a stock. For concreteness we assume that

V(t)=[" L (cle) K(s)eds, s=0. (A1)

d is the felicity discount rate, which shouldn't cmnfused with discount rates to be applied to
consumption, or investment, or income (see beldw)economic forecast atis the infinite
sequenced(s), K(9)} for s>t. We assume that the integral in expression (Aohyerges for
the forecast. Definition 2 says that developmestisgained atif

dv/dt= 0. (A.2)
We now prove that (A.2) is satisfied if and onlycbmprehensive investment tais non-
negative (Proposition 3).

To save on notation, | avoid writing down an egiplilynamical model of the economy
and merely note from equation (A.1) that even thosigstainability has been defined for one

% But see Arrow et al. (2003b) for the correspondimglysis when demographic changes are
endogenous to the model.
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moment of timet (condition (A.2)), the condition requires a forsicaf the economy's future
beyondt.®® That future depends on the economy's stock otsasse It also depends on the
evolving structure of its technology, people's ealand preferences, and institutions beyond
The stock of assets at any momenh the future would be determined by the stockthat
"previous" daté! By proceeding from moment to moment this way,ehtre future course of
capital stocks would be determined. In shorK(if) were knownK(s) andC(s), and thereby
U(C(9),K(9)), could be determined for all future times t. From equation (A.1)V(t) could be
determined as well. Therefore we can write

V() = VK()1). (A.3)
In equation (A.3) depends explicitly ohbecause the economy is assumed to undergo changes
owing to exogenous factors.

Let g;(t) denote the shadow price of consumption gaoatd. Then

q; (t) = ou(C(t). K(t))/ oc; (t). (A4)
But Proposition 3 says that the shadow prices veel fier sustainability analysis are those for
the economy's capital assets.

Let us assume without justification th&t) is differentiable’ DifferentiatingV(t) with
respect td in (A.3) and using (A.2) yields the criterion fustainable developmenttat

dv(t)/dt = av /at+ =[(aV (t)/ oK, (t))(dK, (t)/ dt)] = O. (A.5)

As in Section 9, define

p(t)=aVv(t)/ oK, t), for alli. (A.6)
pi(t) is the (spot) shadow price of theasset at (Definition 1). Ifi is a factor of production as
well as a final consumption good (e.g., a wetlapd) reflects both. From expressions (A.1),
(A.4) and (A.6), we note that the shadow price arisumption goods at &l (the g(s)s) are
embodied in the shadow price of capital assdtétlaepi(t)s).

As in Section 9, writé(t) = pi(t)(dKi(t)/dt) for net investment in assetUsing equation
(A.6) in equation (A.5) gives us

% The sustainability criterion can be extended teec@ period of time by integrating the left hand
side of expression (A.2). For details, see Dasg{3i1a8b).

¥ We qualify only because in continuous time there is no "previous" date.

%2 Dasgupta (2001a: Appendix) offers the justificatio
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dv(t)/dt =av /at+ 5[ p, (t)(dK, (t)/dt)] = 0, (A7)

or =V /ot+2[1,(t)] (A.8)
An easy way to interpréilV/ct is to regard time itself as a capital asset,&dffZ =t,
we have

dz/dt = 1. (A.9)
With equation (A.9) defining the additional asg&t/ct (=0V/0Z) becomes the shadow price of
time and the right hand side of equation (A.8) bee® comprehensive investmentt.al his
proves Proposition 3.

A.1.2 Accounting for Population Growth

Population is a capital asset. In macroeconomidatsopopulation growth is usually
assumed to be exogenous. We make the same assurhptie. Let us also assume that
population cohorts are identical in their prefeemand abilities. Then the size of the
population,P(t), is the stock of the demographic asset. It maynsantuitive that the way to
tease exogenous growth in population out\dfot is to define comprehensive wealthpar
capitaterms and re-express Proposition 1 accordinglggpta (2001a) showed that to be a
correct move only under very special circumstantes.us see why in general the move is
illegitimate.

Write c(t) = C(t)/P(t). In his classic work on optimum saving under t¢anispopulation
growth, Koopmans (1965, 1967) assumed social veatighto be the present discounted sum of
each generation'average felicity, where average felicity is a function slyl of average
consumption. If, within each generation, consumpi® equally distributed, Koopman(t)
assumes the form (equation (12) in the text),

V(t)=[" P(e)els 520 (A.10)

Meade (1955) had however already drawn attentiandeep problem with expression (A.10):
it discriminates against future people if populatiocreases with time.

An alternative (studied in the context of optimgaving, by Meade, 1966; Mirrlees,
1967; Arrow and Kurz, 1970; Arrow et al., 2003bdan the context of optimum saving and
population by Dasgupta, 1969) is the present digeolusum of each generation's total felicity:

V()= _[t ) [P(S)J (c(s))et ]ds. (A.11)

Arrow et al. (2003b) showed that if expressionl@®.is used for studying sustainable
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development, we would need to specify the levedasfsumptiong, at whichU(c) = 0, which
would mean that when specifyitiy we would have only one degree of freedom (theesofl
U). In the problem of optimum saving (as in Arrovddfurz, 1970) we wouldn't be required to
do that, because we are free to choose both theaua level ofJ).*

It would be convenient in preparing national acteuf the level otJ, not just its scale,
could be freely chosen. So consider the followixygression for social well-being:

=" [P cs)e s/ [~ [P(s)e+ s, (A.12)

The numerator in expression (A.12) is expressiorlIA whereas the denominator is the
present discounted sum of each generation's papuléiet us call the ethical theory on which
expression (A.12) is basatlynamic average utilitarianism

Notice that the denominator in expression (A.12)udd play no role in policy
evaluationat t (questions (D) and (E); Section 11), because ¢memhinator would simply be a
scale factor attached to expression (A.11). Bustmtainability analysis (questions (B) and (C);
Section 10) the denominator matters, because tileation there is undertakasrosstime.

Letki(t) = Ki(t)/P(t). Now writek = (ky,ko, ..., ki, ...). From expression (A.12), we have

V() = V(D). P(1)). (A.13)

Dasgupta (2001a) showed thaPifyrows (or declines) at a constant ratel if each of
the equations that represent the economy's acctionularocess can be expressed in terms
solely ofper capitacapital stocks, thefV(t)/0P(t) = 0. That proves Proposition 4.
A.2 Policy Evaluation

Proposition 6 offered a well-known interpretatioh comprehensive investment. To
prove it, imagine that the vector of assets & notK(t) but K(t)+AK(t), whereA is an
operator denoting a small difference. For simpliot exposition, suppose (a) there is a single
consumption good, (b) population is constant, ahde{icity depends solely on consumption. In
the obvious notation, we then have

V(K(D)+aK () =" [ur(cls)ac(se s (A.14)

Now imagine that atthere a small increase in investment, but onhafbrief momentAt . We

write the change in the vector of capital assetstaAt consequent upon the brief increase in
investment as\K (t). So (K (t +At)+AK(t)) is the resulting vector of capital assets At .

Let At tend to zero. Equation (A.14) then yields Propmsi6.

% In the combined problem of optimum saving and petjin, expression (A.11) does require of us
to specify the value af at whichU(c) = 0. On this, see Meade (1955) and Dasgupta §1969
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Earlier we observed that in expression (A.1) is the felicity discount rafén the
literature on environmental and resource econotisdrequently called the "pure rate of time
preference”.) It is the discount rate to be useal @olicy reform (or a project) is described in
terms of the changes it brings about to felicitte®r time. However, policy reforms are
typically characterized in terms of the perturb@giahey cause teommodityflows (e.qg.
consumption flows); which is why it has been cusiomn social cost-benefit analysis to regard
consumption as theumeraire Equation (A.14) says that, viewed frdmthe social discount
factor at dates is U’(C(9))e*®?. Let ,o(s) be the social discount ratesathe percentage rate of

decline of the consumption discount factor). Arnyezdculation shows that

o(s) = -(c(s)u(c(s))/u(c(s))][dc(s)/ dg)ic(s) + o. (A.15)
But —(C(s)u"(C(s))/u'(C(s)) is the elasticity of marginal felicity. If we deeothat by
a(C(s)), equation (A.15) reduces to the familiar form

o(s) = a(C(s))[dc(s)/ ds]/ C(s) + o. (A.16)
If equality in consumption is valued, thei(C(s)) < 0; but that meangC(s)) > O.
It has been common to assume thas constant. To the best of my knowledge the

whole literature on the economics of climate chahge been based on that assumption.
Equation (A.16) says that everu{fC(s)) is taken to be a constam(s) would be constant only

along steady states. The equation also says,afs)tis negative if consumption is expected to

decline ats (Dasgupta, 2001a). As we noted in Section 11i8 htks far reaching consequences
for the choice of social discount rates when tlieréuis uncertain.
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Table.1

The Progress of Poor Nations

Country/Region % Annual growth rate 1970-2000
Comprehensive
Iy Population ~ TFP' Wealth GDP A DT
(percentage) (per head) (per head) (per head)

Sub-Saharan Africa 2.1 2.7 0.1 -2.81 -0.1 +
Bangladesh 7.1 2.2 0.7 -0.79 1.9 +
India 9.5 2.0 0.6 -0.45 3.0 +
Nepal 13.3 2.2 0.5 -0.37 1.9 +
Pakistan 8.8 2.7 0.4 -1.42 2.2 +
China 22.7 1.4 3.6 4.47 7.8 +

" comprehensive investment as a share of GDP (averayel 970-2000).
" total factor productivity.
™ change in HDI between 1970 and 2000.

Adapted from Dasgupta (2001a) and Arreinal (2004).
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