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Thepurmpo< of thisnoteisto definewha might beundestood by theterm
Gugainable developmentOand what that undestanding implies for thegods and
strategies of the Shdl Center for Sudainability. In brief, we shdl argue tha sugainable
development is a process of improvement in living standadsthat can be sugained or
continued for an inddinite time peiod. In this definition, living standads need to be
interpreted broadly to indudenot only marketed goodsand services butalso valued items
tha typically donot have market prices such as environmental amenities, freedomfrom
coercion, therule of law and the qudity of sodal interactions Based on this definition, |
propo that the central conaern of the Shdl Center should beto foger research at Rice
University tha is compaible with, or reinforces existing or potential strengths, and which
identifies threats to sugainable development and how tho<e threats might be eliminated.

Sustainability

) One can identify both economic and environmental originsfor concerns about
Qudainability.Oln the economics literature, there has been along-standing concern with
the sudainability of certain fiscal, mondary and exchangerate policies.

In thefiscal policy arena budget ddficitsthat lead to a growth in govenment debt
tha exceedsthe economic growth rate may befeasible in theshort term, but they are not
sugainable in thelongterm. Eventudly, the govenment cannotraise sufficient tax
revenueto both service the outstanding debt and meet its other spending obligaions

With regard to mondary policy, awiddy recognized empirical regularity istha
expandonay mondary policy can stimulate real econormic activity in the short run, but
thegtimulusis not sugainable. In thelonge run, the expandonay mondary policy
accelerates inflation and the stimulatory real effects disappear.

Attemptsto fix thevalue of aforeign exchangerate tha isincongstent with
market fundamentals also are unsugainable. If banks or trading houses dealingin foreign
exchangebdieve, for example, tha the exchangerate will be devalued they have an
incentive to move money out of thecounty (or dday repatriatingit) in orde to exploit
theanticipaed fall in theforeign exchangeprice of thedomestic currency. Theresulting
net outflow of funds however, serves only to make the chosen exchangerate even more
out of linewith an equilibrium value and increases the pressure to changetherate. The
result isa Qurrency crisisOand alarge disruption to the domestic econony.

In each of these examples, athoughunsugainable policy can berecognized after
acrissoccursit is often more difficult to identify before thecrisis. Theingppropriate



policy often results in pressures tha build quite owly. Once the unsugainable nature of
the policy becomes evident, however, market responses can occur quite quickly leading
to acrisistha imposes subgdantial cods. Another feature of al three situaionsis tha
sugainable policy pahsare notunique Requiring policy to be sugainable is not
sufficient to deermine an optimal policy. Policy sugainability is more in the naure of a
necessary condition or condraint on optimal policies rather than apolicy objective.

Thereisaso andtion of Gugainable yieldOin naural ecosystems. Suppo® there
is some species tha can be harvested for food or other resources (for example, fish or
trees). Assume tha the popuktion N,.; of thespeciesin generation 1+1 dependsonthe
popuktion &V, alive in generation ¢ according to some fundion such as

Nt+1:f(Nz)

If an amourt O, of the current popuationis harvested, the popuktion next period will
ingead be

Nt+1:f(Nt_Qt)

A sudainable yield isthen a congant harvest quantity O tha resultsin acongant
popuktion N if theequaion

N=f(N! Q)

has at |least onesolution for O as afundion of N.! This equaion need not have aunique
solutionfor Q asafundion of N. There usudly are many sudainable popuktion levels N
and assodated yields Q. Aswith the econormic policy examples, the notion of
sudainability is not sufficient to determinean optimal level of harvesting for the species.

In fisheries (or forestry) management, afrequent god is maximum sustainable
yield. Thisisthe maximum tonnae of fish (or number of trees) tha can betaken each
year while leaving the surviving fish popuktion (or volume of standing timber)
unchanged. If the maximum sugainable yield exists, theyield Q(N) and stable popuktion
N then solve

f/(N-Q)=1 and N= f(N-Q)

Althoughthis gives two equaionstha mightin princple be solved for thetwo unknowns
N and Q, theequaionsare generdly both nortlinear. Hence, they could have multiple
solutions or no solution at all. Requiring tha a sugainable yield be maximal amongall
possible sugainable yields also might not be sufficient to determinea uniquepolicy.

Leaving asidethetheoretica difficulties of existence and uniqueness, and the
practical difficulties of calculating a maximum sudainable harvest, the concept illugrates
another potential problem with the notion of sugainability. Why should we aim to

1 A similar notion of sustainable yield can be applied to non-living systems such as an aquifer. An amount
of water equa to the annual recharge can be extracted without affecting the level of the water table.



maximize the sugainable yield from the system? Setting a god of determining a
maximum sugainable yield might appear attractive insofar asit turnsasodal god into a
technical or engineering problem, butit begsthe question of whether thegod is
reasonable. In my view, the objective oughtto be obtaining the maximum value fromthe
harvest, all things considered. Althoughthese two objectives may soundsimilar,
maximizing valueis notthe same thing as maximizing sugainable yield.

There are anumber of reasonswhy maximizing vaue could deviate from
maximizing aphyscal quantity like theharvest yield. To begin with, there might be other
cods or benefits assodated with different levels of N, for example, because of
interactionswith other species tha we care about For example, the maximum sugainable
yield of timber might not maximize thevalue onecould obtain from aforest since people
also valuethingssuch as recreationd oppotunities tha could be provided by theforest.
In addition, changesin N may affect nat only direct consumption bendfits tha have a
market value but also other services people may vaue For example, people may value
having aviable fundioning ecosystem tha hdpsclean air or water supplies of
undesirable subgances, or which susainsa variety of species they enjoy observing?

Last butnotleast, while the harvest is extracted today it affects popuktion levels
in thefuture. In general, people do notvaluea goad or service today the same way they
valuethe othewise identical goodor service at some future dae. Investments of all sorts
have to yield apostive rate of return to reflect this preference for present over future
bendits. Similarly, since people arerisk averse, they value an uncertain benefit at less
than its expected value. When valuing new proposd investments, future cods or bendfits
need to be discounted to reflect these preferences for lower risk and for the present over
thefuture. Discouning for time and risk reflects the notion of opportunity cost or the cos
of the next best oppotunity forgone When applied to investments, the oppotunity cost
of any oneinvestment is thefuture benefit tha could ingead be obtained from the next
best alternaive investment of equivalent risk. If the future benefits per unit of current
cog of tha aternaive investment are greater, the dternative investment is preferable.

In summary, a more approptiate objective than maximum sugainable yield isthe
maximization of the discounted value of all bendits, notjud the marketed or marketable
bendits. Furthemore, the appropriate discountrate should reflect notonly a preference

2 A notion closely related to maximum sustainable yield might be applied to an ecosystem as awhole. In
this case, however, a more sophisticated definition is required. Since ecosystems are continually evolving,
it does not make sense to speak of maintaining a particular assembly of interacting organisms in some
stationary state. A more reasonable goal might be the maintenance of a stationary probability distribution
over states of the system, or perhaps a limitation on therate of change of the distribution over states. For
example, ecosystems may be said to have a natural waste assimilation capacity analogous to a Gnaximum
sustainable harvest.OThis could be interpreted as a maximum level of pollution or waste disposal beyond
which the possible states of the ecosystem would be drastically and permanently altered. No amount of
time without pollution would allow the system to recover many of the states it could previously have
attained. Such a permanently damaged system will have adramatically reduced ability to provide
environmental servicesin the future.



for the present over thefuture butalso therisk assodated with theuncertain future
ben€fits or cods.

Sustainable development

Theabovenotion of sugainability relates to isolated or GnicroOlevel decisionsor
policies. We can extend the nation to an aggregate context by consdering the
sugainability of an overall sodal system. Thisisoneway to interpret thenotion of
Gugainable development.O

Themog widdy cited definition of sugainable development istheonegivenin
the doaument commonly known as the Brundiand Report:*

Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet
their own needs.

There are anumber of problems with this definition as areasonable socia objective.
First, thenotion of aeedOis notwell defined. The usud objective discussed by
economists is Gtandad of livingQas evaluated by people themselves and revealed
throughthdr econonic, political and social behavior. Thegenera idea behind
distinguishing a heedOwould seem to bethat we care only aboutsome minimal standard
of livingand tha margind inaeasesin living standards abovetha minimum are of zero
value Unde thisinterpretation, however, a second problem arises. It then is notclear tha
sugainable development so defined represents development at all. Meeting a minimal
standad of living for agenerationis acongraint that is static from onegeneationto the
next, while development usudly implies tha generationsare getting better off from one
geneationto thenext.

A third problem with thedefinitionis tha focusng on Gability E to meet E
needsOconfuses means and ends Standads of living achieved by different generations
are what people care about and they represent outcomes of the sodial decision-making
process. The condraints tha each generation faces are anongtheinputstha hdp
determinethewelfare levels tha people in tha generation attain, but many variationsin
the congraint set will have noimpact onther achieved level of welfare. In paticular,
many otherwise possible choices tha are eliminaed by changes in the condraints could
beirrelevant to wha makes people better off. If so, why should we designae such
changes as undesirable?

Perhgpsa conaern aboutirreversible changes (such as allowing a species that
might later proveto be extremely valuable® to become extinct) motivates thefocuson
potential rather than actud choices. However, usng resources in an irreversible way
today tha neverthdessis almog certain to raise the welfare of present and future

3 The official title of the publication is Our Common Future, produced by the World Commission on
Environment and Development and published by Oxford University Press, 1987

* Not all extinctions are undesirable. For example, few would object to eliminating HIV.



geneationsshould surely beregarded as desirable. For example, usng sand to make
optical fibers pemanently alters the set of feasible choices for future generationsby
redudng the sand they would otherwise have had access to, but surely no-onewould
arguethat forgoing the benefits of optical fibersisasengble policy.

We have emphasized tha development involves an improvement in living
standadsfrom onegeneration to the next. While mogs would agree tha this has been a
feature of recent history in thedevelopad world, it was by no meansthe nomrmal course of
events for mog of thetime tha human beingshave inhabited theworld. For mos people
mog of thetime, the experience of those in onegeneration has differed very little from
the experience of people in thegeneaationstha came before or after them. There are dso
examples of dramatic declinesin living ssandadsover avery few generations Hence, it
isreasonable to question whether development can continueinddinitely.

Many biologists are skeptical tha permanent economic development is possible.
They reason from theidea tha an ecosystem has alimited carrying capecity for any one
species. Asthe population of a given speciesincreases, it places more pressure onthe
foodand other resources tha it uses. Declining nutrition levels may reduce decrease birth
rates, while competition for scarce resources may lead individuds to fight with each
other. At the same time, theincreasing populktion of the species provides more
oppotunities for other species (induding pahogens) tha exploit it asaresource. Asa
result, death rates are likely to increase.

Theidea of carrying capacity was developed to assist in managing wildlifein
naiond paks and other restricted geographical areas. Park managers oberved, for
example, tha deer popuktionsin nationd parks could grow to levels tha placed severe
pressures on foodresources. The weakened deer became more susceptible to disease,
which in turn lead to severe popuktion crash. Managed culling could ingead maintain the
popuktion at amore modeaate average level with aredudionin theamplitudeof
fluctuaion from oneyear to the next.

There does not appear to bea universally agreed precise definition of the concept.
The American Heritage Dictionay defines it as Orhe maximum number of individuds
tha a given environment can suppot withoutdetrimental effects,Obuttheterm
QierimentalOalso is notwell defined. Another definition is tha the carrying capecity is
thepopuktion level where the birth rate of a species equds its death rate. Thisisalso
called a stationay point of the popuktion difference equaion above

N=f(N)

assuming such asolution exists and is unique In practice, the popuktion growth from
onepeiodto thenext will beaffected by many influences, induding many tha are
random The carrying capacity of the African savannah for zebras, for example, islikely
to bemuch lower in adrought Hence, it may be mideading to spesk of adeterministic
carrying capacity and more reasonable ingead to think abouta stationay distribution of
popuktion unde normal circumstances.

Thenotion of carrying capacity also appears to encompass some element of
dynanmic stability. Althoughthe details can quickly get complicated, thebasic ideaistha



when a popuktionis bdow the carrying capacity it islikely to increase, andwhen itis
aboveit islikely to decrease. More generdly, stability (inaloca sense) isrelated to the
shape of the difference equaior™ aroundthe stationary state. In some cases, the dynamics
can beungable whereby the popuktion of a species can build gradudly over an extended
period but onee acritical level is reached resources become over-exploited and the
popuktion crashes dramatically, perhgoseven causing extindion. In cases where thereis
such alocaly ungable equilibrium, there may also be another locally stable equilibrium
at alower level of popuktion. Wildlife management programs aim to control the
popuktion of the species (for example throughculling) in order to maintain the more
stable popuktion level, which should also place less pressure ontherest of the
ecosystem.

Theclaim tha permanent econonic developmentisimpossible isbased in pat on
an andogy with wildlife management programs. Viewing humansas jug another
mammal species, theglobd environment islikely to have alimited carrying capecity for
humans Econoric development will eventudly cause the carrying capacity for human
beingsto be exceeded. This could in turn lead notonly to adramatic fall in the number of
people but also severe damageto the environment and to other species.

This argument echoes the point origindly made by Thomes Malthusin 1789° He
noted that popuktion growth, if left unchecked, would be exponential whereas
Qubgstence increases only in an arithmetical ratio.OHe condudes,

Thisimplies a strong and constantly operating check on population from the difficulty of
subsistence. This difficulty must fall somewhere and must necessarily be severely felt by
alarge portion of mankind.

Asapublication from the UK statistics office reveals,” Mathuswas writing at atime soon
after the UK entered the so-called Qlemographic trangtion,Owhich they date as
beginning around175Q The demographic trangtion is a changein the behavior of
popuktion growth that all econonmies appear to gothroughas they begin indugrialization
and assodated econonic development.

At firgt, improvements in nutrition and the application of more science-based
medical care, together with pullic health measures (such as improved water supply and
sawerage services), produe adeclinein thedeath rate (especially for infants) while the
birth rate remainsessentially unchanged. Theresult is a period of rapid population
growth. In the UK, this period lasted until around1850.

® When there is no distinct breeding season or generation, it may make more sense to represent the process
using continuous time and a differential equation.

® An Essay on the Principle of Population, rendered into HTML format by Ed Stephan, 10 Aug 1997, and
available at http://www.ac.wwu.edu/~stephan/malthus/

" &he UK Population: Past, Present and Future,Oby Julie Jefferies available at http://www.statisti cs.gov.uk
under the link to Focus on People & Migration




After alag, birth rates also begin to decline Theinitial reasonistha the ddayed
desth rates, and increased education, assod ated with development both dday the age of
marriage and first birth, and ultimately the number of children each woman bears. Since
early in thetwentieth century, better birth control technology has allowed thetrangtionto
lower birth rates in other indugrializing countries to take less time than it tookin the UK.

As an econony continues to develop, a nunber of econorric factors act to
reinforce thetrangtion to lower birth rates. First, as wages rise, the oppotunity cost of
time spent raising children increases. Since women still bear a dispropottionae burden of
childcare, the entry of women to the market labor force, and inareases in the education
and wages of women, are particularly impaortant in thisregard. At the same time,
increasing time spent at school, and areduced opportunity to use child labor services on
farms, further raises the cods of each additiond child. In turn, a decrease in the number
of children in each family reduces the cos of eduating those children, providing them
with better hedlth care and nutrition and so forth. However, such expenditures further
raise the cog of havingan additiond child. Theinteraction between wha economists
have called the QuantityOand QqudityOof children resultsin a very high elasticity
respon of fertility to a small exogenouschangein the cog of children.

Thefind result of the demographic trangtion can be seen in the moden sodieties
of thedeveloped world. Both the birth and the degth rates are very low by historical
standards and popuktion growth (excluding migration flows) has, in recent years, fallen
toward zero and in some well-publicized cases has even become negative.

Thereason the historical outcome was different from wha Malthushad predicted
istha heimplicitly assumed tha nutrition was the only inputneeded to produce children.
While this might be approximately true elsewhere in the naural world, it is nottruefor
human bangs In thedeveloped world in particular, time (induding time of teachers,
medical practitionas and so forth purchased from the market) isthe mos expensve input
into the produdion of children. Hence, even thoudh, as Mathusargued, therelative cos
of nutrition (and other material inpus) tendsto decline as an econony develops thecos
of thetime inputrises. Thelatter effect domnaes and hence fertility declines.

This effect can even be seen as domnaing at theworld level inthelast four
decades even thoughmog people over tha periodwere living in economies with a
relatively low level of econonic development. Figure 1 graphsUN daa onthe popuktion
growth rate (denoted I\AIt ) for theworld for the period 196 22004 (the latest date
available at thetime of writing). Also induded onthegraphisaqualratic trend line
(estimated standad errorsin parentheses, and ¢ = 1 for 1962)

N, =0.0208-1.0x10*¢-2.5x10°¢
(0.0003)  (3.3x107%) (7.2x1077)

Thetrendlineimplies tha therate of popuktion growth at theworld level istrending
down over time by around0.01 percentage points each year and at an accelerating rate.
Thetrendimplies tha world popultion would stabilize around2035at dightly bd ow
7.75 billion compared with a current popuktion of around6.5 billion. The UN itself
forecasts tha popuktion will stabilize at a dightly highe level later this century.



Evidently, they are expecting thefalling trend rate of growth to itself level outover the
next few decades.
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Figure 1: World Population Growth Rates, 19622004

Even if pemanent econoric growth does notlead to permanent popuktion
growth, it mightbe argued that each person will place an ever-increasing demand on
resources over his or he lifetime as econormies develop. For example, the rapid growth of
Chinaand, more recently, India, isa common explanaion for increases in the price of
resources and natural commodities over thelast few years. Some forecasts of growing
resource scarcity are based on an extrapolation of current Chinese and Indian econorric
growth rates.

One problem with this scenario isthat it contradicts the standard modd of
econonic development. Jug as economic growth leadsto a demographic trangtion, it
also leadsto atrangtioninindugry structure. An econony at alow level of econorric
development has alarge propation of its labor force employed in agriculture usng low
produdivity farming techniques. Once the econony beginsto develop, people are
tranderred fromtheagricultural to theindugrial sector, which resultsin amassive
increase in ther produdivity. At the same time, the use of more modean farming
techniques allows the same food and other agricultural commodities to be producd with
much less labor. Theresult is arapid rate of econamic growth once the econory reaches
the Qake offOlevel. Largegainsin labor produdivity can bereaped until mog of the
labor force is tranderred out of agriculture. Beyondthat point, however, further gansin
produdivity are more difficult to achieve and per capita growth declines back toward the



2% pea annumrate typical of mog of the history of the developed econormies since the
Second World War.

A second problem with the scenario tha economic growth will lead to ever-
increasing shortages of resourcesis tha, over mos of recent history therelative scarcity
of resources appears to have declined. Figure 2 graphsthe relative price of commodities®
to manufactured goodsove thetwentieth century. If thesupply of commodities had been
unable to keep up with theincreasing demand for them, ther relative price should have
risen, butthere is noindication of tha occurring. There are episodes, such asin the1970s
(an nodoubtover thelast few years, butthedaais not yet available from this particular
source), when theraw materials prices rose subdantially. These periodsare however,
brief interludesin agenerally declining series.
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Figure 2: Relative price of commodities to manufactured goods 190632003

There are three main reasonsthat econormic growth has notincreased therelative
price of commodities. Thefirst istha an increase in the price of any onecommodity
produces strongincentives to subditute away fromtha commodity. For example,
increases in therelative price of coppe encouraged the use of duminumin electricity
trangmission lines, and optical fibersin telecommunicationslines, while carbon
compostes have become a subditute for metals in many applications Even if the
subgitute is not pefect, thelossin fundiondity can be more than compensated by the

8 Commodities in the index include metals (aluminum, copper, lead, silver, tin, and zinc), agricultural
nonfood commodities (cotton, hides, jute, rubber, timber, tobacco, and wool) and food commodities
(bananas, beef, cocoa, coffee, lamb, maize, palm oil, rice, sugar, tea, and wheat).



lower cod. In some cases, the subditutes proveto be better than the origind after a short
period of time. Technological progress often comes in discontinuousjumpsfollowed by
long periodsof margind improvements. The optimizationsassodated with theuse of a
given technology make it difficult for acompeting technology to break into the market.
Once anew technology takes hold, however, research effort switchesto that technology.
This can lead to dramatic advances before anew period of gradud improvements again
takes over. Regardless, the ability to use subgitutes limits the extent to which the price of
any onecommodity can rise.

The second reason econorric growth has not placed subgantial upward pressure
on commodity pricesisthat technological progress has allowed more outputto be
producd with the same material inputs. For example, new computing technologies have
allowed energy and materials to be used more much efficiently in many processes. Thisis
an extengon of thefirst paint. Not jug other raw materials but also other factors of
produdion can subgitute for raw material inpus. For example, capital and skilled labor
can beused to develop, program and deploy automated processes. Similarly,
biotechnology and other improvements in agricultural practices have allowed more food
to be produced for given inputs of land, water, labor and other factors of produdion.
More genedly, these improvements are measured as changes in total factor produdivity.
Not only have such productivity improvements been widespread across many sectors of
theeconony. They seem, if anything, to have accelerated in recent years.

Thethird reason economic growth has not placed subdantial upward pressure on
commodity pricesistha continuing econonic growth beyondthetake-off stageis
assodated with further changes in the structure of consumption and produdion.
Specificaly, as econormies mature, services make up an increasing percentage of ther
GDP, and many services are extremely frugd in their use of resource inpus.

Thelatter observation reflects amore fundamental criticism of thenotion that
econonic growth necessarily raises per capita demand for raw materials. Measures of
econorric activity reflect the value of output to consumers, which need not beclosely
related to the physcal quantities of resource inputs used to produc the output Skilled
laboristheprimary inputin produdng GDP in modern developed econonies. Even
conaumption items tha might be thoughtof as having a high resource content, such asthe
foodtha Malthuswas concerned about, have an increasing propottion of thar value
coming from service inputs asthe overall values of theitems increase. For example, the
ovewhdming mgjority of the value assodated with a restaurant meal reflects the skills
and knowedgeof thechef, notthefoodor energy used to cook the meal.

It may beuseful to relate thefind paintin particular to thediscussion aboutthe
carrying capecity of an ecogystem. A limited availability of the physcal resources
required by a species is the key determinant of the carrying capacity of an ecosystem for
anonhuman species. Fundamentally, however, econonic growth is concerned not with
growth in physical inputsto produdion butrather with growth in thevalue of outputs to
conaumers. Thereis no necessary reason why greater value of outputrequires a highe
physca quantity of resource input.

Thefundanental paintistha onecan conceive of unlimited growth in thevalue
of econonic output despite limited physcal resources because there is onecritical
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resource tha isin unlimited supply. Tha resource is scientific undestanding of the
naura world and ingenuity in applying tha undestanding to produe highe valued
produds and services. The accumulation and application of scientific knowledgehas
been thefundamental force enabling continued growth and progress since theindugrial
revolution. This view implies tha continued investment in science and technology is
necessary for sugaining economic development.

To this point in thediscussion, we have implicitly taken the measured value of
output, or GDP, as a measure of theoveall value of economic activity. In generd,
however, theoveral value of economic activity will differ fromits market value. In
paticular, pdlution and other nornrmarketed consequences of produdive activity can
affect theoveal value butare generaly notinduded in market prices. Thefundanental
problem is that resources such as clean air or clean water are inputsinto many produdion
processes butthere is no chargefor usngthem.

If theamountof pollutionislow enough,asin hurter-gatherer sodeties, the
environment can usudly assimilate it withou difficulty. A goodor service, likethe
purifying services of natural ecosystems in hunter-gatherer sodeties, tha isin excess
supply at azero priceis said to befree.

Once pollution grows beyondlevels tha can beassimilated by the environment,
clean air and water are nolonge free goods Neverthdess, unless property rights to the
resources are defined and allocated, people will nat have to pay to use them. The
resources become common propety, leading to a tragedy of thecommonsas the
resources become over-exploited.

The codgs of pollution assodated with increased produdion could easily
ovewhdm thevaue of tha extraprodudion. If so, theoveal value of econoric activity
would decline even thoughthe measured valueincareases. Econorric development,
conceived as an increase in the overall value of econormic activity, would notbe
sugained.

Environmental economists have studied therelationship between various
measures of environmental qudity and econorric development as conventiondly
measured. They have presented evidence tha awiderangeof pollutantstend to increase
with econonic development at low levels of development, but eventudly pollutionlevels
decline For example, studies of fud use in South Asia have foundtha housholdstend
to bum more fud of the same (very polluting) type asincomes start to rise. At highe
levels of income, however, housholds switch to more expensve, butless polluting fuds.
Clean air in thehome is treated as a Quxury goodQhat is demanded more at highe levels
of income. In addition, people everywhere are observed to lobbypolitically for
goveanment action to reduce pollution and protect natural ecosystems from destruction as
incomes rise.
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Figure 3: Estimated effect of econonic development and populktion on SO, emissions
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Estimated with country randomeffects, within R = 0.1386,between R? = 0.8741
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Figure 3 presents oneexample of thelatter type of relationship. This particular
surface was estimated usng data on sulfur dioxideemissionsin 176 counties over three
years (1990,1995 2000 obtined from the World Resources I ngitute’ together with data
onrea income pe capita and popuktion obtained from theWorld Bank World
Development Indicators daabase.

An easy way to undeastand theimplicationsof theestimated surface in Figure 3 is
to consde wha hgppensasincome pe capita increases holding popultion condant.
Thisis equivalent to taking dices of the surface parallel to theincome axis. SO, pollution
at first rises with income per capita butthen declines agan at highe income levels.

Similarly, the effect of increasing popuktion along holding per capitaincome
fixed, can beseen by taking dices of the surface parallel to the popuktion axis. At low
and very highlevels of per capitaincome, increased popuktion has a small effect on SO,
emissions At intermediate income levels, however, where counties are patialy
developdal, an increase in popuktion leadsto adramatic rise in SO, pollution.

Thefact tha highlevels of income are assodated with reduaed SO, pollutionis
likely to result from govenment action. In the United States, for example, the
govanment has issued SO, pollution permits. Firms emitting more SO, than they have
permits to cover are subject to avery largefine The permits can betraded. Firmsthat can
reduce SO, emissionscheaply do so and sell ther pemits to other firms tha have a high
cog of controllingemissions By limiting the overall numbe of permits, thegovenment
can reduce thetotal SO, pdlution output Also, by allowing the pemitsto betraded, a
given aggregae redudionin SO, is achieved at lowest overadl cog. In effect, the permits
turn the clean air tha was formerly regarded as a Gree resourceQinto another inputinto
produdion that hasto be pad for. Consumers will be willing to purchase the produd
produced by thefirm only if its valueto them exceedsits cog of produdion including the
cost of the SO; pollution output assodated with its produdion.

Themain implication of this andysis for sugainable development is that suitable
environmental policies are necessary to ensure tha econoric development raises welfare
appropriately measured to take al cogs and benefitsinto account If the pollution
externdity accompanying development is not controlled, development in the sense of
improved living standads all things considered might not besugainable. Eventudly,
living standards would begin to decline even though economic output as conventiondly
measured continues to rise.

Strictly environmental matters such as air and water pollution, or preservation of
biodiversity throughlimiting the destruction of natural habitats, are not the only sources
of externdities assodated with economic growth. For example, thetraffic congestion
accompanying econorric growth and urbanizationis a seriousissuein many developing
and developed econonies. Once agan, agrowth in the use of pricing mechanisms, such
astoll roadsand bridges or the Central Londoncongestion zone is hdpingto control the

® The datais available at http://earthtrends.wri.org/searchable db/index.php?theme=3 and
https:.//publications.worldbank.org respectively.
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problem. Automobile registration fees, parking and fud taxes, and subddies for public
trangport can aso all bepartly rationdized as price-based mechanisms to limit some of
these externdities. Government actionin theform of regiond and urban coordinaion and
planning of trangport routes can also hdp aleviate some of these problems.

Other problems tha accompany econormic growth and urbanization indude
increased crime. Local govenments in the Hougon region have aso recently become
aware of thepatential threat tha floods severe weather or emergendies assodated with
terrorist activity pose for the standad of living of residentsin this area.

Differential rates of economic growth in different parts of theworld, and the
demographic trangtion discussed earlier, have contributed to the largeflows of
immigrants from developing to developed countiesin recent years. Theinaeasing
diversity of people with different cultural and religiousbackgroundshas also raised
issues of sodal coopeation and tolerance as sugainability concernsfor cities such as
Houdon. In addition, there is evidence tha jug as people become more concerned with
issues such as environmental amenities as they become richer, so also they care more
aboutpolitical andreligiousfreedom, equdity of opportunity and the nunber of fellow
citizensliving in povaty or with inadequae access to basic hedlth and educationd
services.

In summary, much more than access to marketed goodsand services goes into
determining a standad of living. Some of these othe aspects of life tha people value can
easily come into conflict with econonic growth if thelatter is nat accompanied by
appropriate political and soda changes.

Implications for the Shell Center

Given this perspective on sugainable development, what do | bdieve should be
the priorities of the Shdl Center at Rice University? In answering this question, | bdieve
tha we need to take accountnot only of theissuesinvolved in enauring sugainable
development but also theinterests and capabilities of the Rice faculty. An endless number
of issuesrelated to achieving sugainable development could beresearched and discussed.
We should focuson those where we aready have expertise and thusa chance of making
significant contributions Furthermore, in order to build the reputation of the Center, we
need to focuson alimited number of issues.

Theaboveandysis has emphasized thecritical role of science and engineeringin
facilitating sugainable development. Of paticular relevance are new technologies tha
facilitate produdivity improvements especialy in the use of raw materials and energy,
and technologies tha aleviate the environmental impacts of economic activity. These
concerns mesh well with Rice expertise in new energy and materials technologies and
environmental engineering.

We also have emphasized, however, tha new technologies aloneare not sufficient
to ensure sugainable development. Energy and environmental policies also play acritical
role and have aclear overlap with the energy research program conduded unde the
auspices of the James A. Baker |11 Inditute for Public Policy and theresearch conduded
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in environmental engineering and unde the auspices of the Environmental and Energy
Systems Inditute.

Findly, theHougon area provides a suitable laboratory for examining many
sugdainability issuesin amoden city. Faculty at Rice also have a clear advantagein
focusng onthese local issues and usgng them to draw general condusonsthat are likely
to have wider applicability and appeal. Indeed, the Shdl Center has aready suppoted
congderable research onlocal and regiond sudainability issues. More could also be
done for example, by looking at the heath effects of air or water pollutionin coopeation
with the Baker Ingitute program in health policy or researchers at the Texas Medical
Center. Indeed, the Shdl Center previoudy sponsred a very successful mini-series of
seminas onthe heath effects of air pollution tha involved epidemiologists fromthe
Medical Center alongwith environmental engineers at Rice.
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