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1. Technological and Pricing Biases

The pace and direction of science and technolagheavily influenced by the character of public
funding in R&D and by financial incentives impligit the system of prices for goods and services.The
Industrial Revolution and its aftermath have beeusually predatory against Nature because societies
have regarded Nature to be a free good. Moreogenagnists as a profession have gone along that poin
of view. For example, estimates of socio-economilidators currently in use for judging the progrelss
nations (such as Gross National Product (GNP)laatJhited Nations' Human Development Index (HDI))
are biased because they don't incorporate changt®einatural environment. The price of natural
resources on site is frequently zero, even thobgh &re scarce goods. Commercial rates of return on
investments relying on such resources are higter their social rates of return. Resource-intensive
projects appear better looking than they actuaily @ver time, an entire sequence of resourcesgiten
technologies is installed. Moreover, people leayndbing and learn by using, not only installed
technology, but also research and developmentdéhelopment and use of technology reflect processes
that are path-dependent. The conclusion is depgessmay require a big push to move us away filoen
current profligacy in our use of natural resources.

These arguments imply that modern technologiematr@lways appropriate technologies, but
instead are often unfriendly towards those who delrectly on their local resource-base. Thiskisly
to be especially true in poor countries, where remvnental legislations are usually neither stroog n
effectively enforced. The arguments help explaily Wie poorest in poor countries, when permittedeha
been known to protest against the installation oflenn technology. The transfer of technology from
advanced countries can be inappropriate even wiarsame body of technology is appropriate in the
country of origin. This is because the social staof natural resources, especially local resosirgaries
from country to country. A project-design that aciglly profitable in one country may be socially
unprofitable in another. This may be why environtakgroups in poor countries not infrequently appea
to be backward-looking, trying to unearth traditibfechnologies for soil conversation, water manzayt,
forest protection, medical treatment, and so farthdo so isn't to assume an anti-science stanceiid

be to infer that wrong prices can tilt the techig@tal agenda in a wrong direction.



The bias towards resource-intensive technologi¢snes to the prior stage of research and
development. When natural resources are underpticedncentives to develop technologies that would
economize on their use are lower than what theyldhze. Often enough, once it is perceived that pas
choices have been damaging to the environments emeesought, whereas prevention would have been
the better choice.

But customary habits of economic thinking are hardvercome. Accounting for the natural
environment, if it comes into the calculus at @l,an afterthought to the real business of "doing
economics”. For examplé&he Economist (25 September 1999) carried a 38-page Surveyeoftbrld
Economy in which the natural-resource base madgppearance in the authors' assessment of what lies
ahead. | doubt though that many readers will hateed this. Even today the natural environment has
not entered the common lexicon of economic reagpidasgupta (2001) and Arrow et al. (2004) have
shown that assessments of economic performandesecaery misleading when the natural-resource base
is neglected in the calculus.

In order to show how economics can be made totf@renvironmental sciences in a seamless
way, | want to discuss two issues that are muthamews today. The first is the subject of amammious
debate between those who favour free trade and thios are opposed to it on grounds that it oftemshu
the poorest in Desta’'s world. The second is theflibat because the economic effects of carboxidio
emissions into the atmosphere are likely to bebfel generation or two further down from us, wedret
do anything about climate change now.

2. Trade Expansion and the Environment

There should be little doubt today that, otherdhibeing equal, freeing trade enables economies
to grow faster. A large body of empirical work téss to that. There is some evidence too thapitwar,
as a group, also enjoy the fruits of faster growth. Howevas, the environmental consequences of
economic growth are rarely assessed, the case&ng trade remains unclear. If those consequédmnues
many of the poorest in society, there is room fecuksion about the merits of freeing trade witraduhe
same time taking precautionary measures. Here éxample of how trade expansion can hurt.

An easy way for governments in poor countries énatrichly covered in forests to earn revenue



is to issue timber concessions to private loggingd. Imagine that logging concessions are awafoled
the upland forest of a watershed. Deforestatiotribarties to an increase in siltation and the riskomds
downstream. If the law recognizes the rights ostherho are harmed, the logging firm would have to
compensate downstream farmers and coastal fishegrthere is a gulf between the law and the
enforcement of the law. When the cause of damageélés away, when the timber concession has been
awarded by the state, and when the victims aratéesed group of poor farmers and coastal fisheyrmen
the issue of a negotiated outcome usually doessd. dt can even be that those who are harmedto n
know the underlying cause of their deterioratingwinstances. If the logging firm isn't required to
compensate those suffering damage, the privateo€émgging is less than the true cost of loggiting
latter being the sum of the costs borne by theitagfirm and all who are adversely affected. Frow t
country's point of view, timber exports are undesgut, which is another way of saying that there is
excessive deforestation upstream. It is also aofvagying that there is an implicit subsidy on éxgort,
paid for by people who are evicted from the foeest by people downstream. The subsidy is hidden fro
public scrutiny; but it amounts to a transfer ofaltle from the exporting country to those that intgbe
timber. Some of the poorest people in a poor cgumtiuld be subsidising the incomes of the average
importer in a rich country.

Unfortunately, | can give you no idea of the magué of those subsidies, because they haven't
been estimated. International organizations hawedblources to undertake such studies; but, toetie
of my knowledge, they haven't done so. The exasipdaildn't be used to argue against free tradet but
can be used to caution anyone who advocates &de while ignoring its environmental impacts.
3. Discounting Climate Change

My second example concerns the emission of greeghgases and the global climate change it
is inducing, the subject of continuing study by titergovernmental Panel on Climate Change (IPCC).

The global concentration of carbon dioxide in ttra@sphere stood at approximately 260 parts
per million (ppm) for 11,000 years until the eakBth century, but is now 380 ppm. (We will ignohne t
concentration of methane, which is another greesdngas.) The most reliable evidence on climategehan

over geological time comes from ice cores in Artea; which reveals that until the early 18th centu



the maximum concentration of carbon dioxide dutimgprevious 600,000 years was 300 ppm. That long
interval of time witnessed four glacial-intergldaigicles, each of about 100,000 years' duratioms&h
cycles are driven by rythmic changes in the amotisblar radiation reaching Earth, the effects bfolh

are amplified by the feedbacks and forces thewyrin enerate within Earth's environment.

We are living in an interglacial period, which medhat Earth is experiencing a warm phase. If
current trends in carbon emissions continue, itecentration is expected to reach 500 ppm (which is
nearly twice the pre-industrial level) by the meldf this century, and could reach as high a figisr&50
ppm (which is nearly thrice the pre-industrial lgugy year 2100. A doubling of present day carbon
concentration is expected to give rise to an irsgea the mean global atmospheric temperaturetby 3
7 degrees Celsius. With a trebling of concentratiibcould rise by 6 to 11 degrees. The temperahat
would result even if the rise were limited to 3 dEgg is beyond anything that has been experiented o
Earth in the past 420,000 years. Bpeed of that change is of particular significance, hesgait would
mean that a good portion of our capital assetsheitiome less than useful long before their planned
obsolescence. Some of our infrastructure will edisappear under the rising seas. In order to resire
our assets, Humanity will need to make additionaéstments, diverting resources from consumption. |
we add the impact of rapid climate change on etesys(changes in the disease environment to which
human populations are not immune; degradation @& dbmposition, geographic distribution, and
productivity of ecosystems), the potential costgitnéo look huge. Nevertheless, when in 2004 eight
eminent economists were invited to Copenhagenféo aflvice on how the world community could most
usefully spend $50 billion over a 5-year perioaytiplaced climate change at the bottom of theiolis
ten alternatives.

Why did the economists do that? They did it becalise reasoning was based on discounting
future costs and benefits at a positive rate. Radwgiobal carbon emissions or investing in tecbgias
for carbon sequestrtation would involve huge cosiw, but the benefits from averting economic
disruptions would be enjoyed only 50 to 100 yeamsnfnow. Long-term interest rates on government
bonds in the US have been 3-5% a year. When ecsit®there evaluagiblic projects, they typically

use such a figure to discount future benefits astkcregarding it as the "opportunity cost of thithe



term being applied to the rate of interest thatacbe earned by investing in government bonds raitza

in the project whose benefits and costs are beusjuated. At discount rates of 3-5%, though,
consumption benefits in the distant future lookutentoday. If you discount at 4% a year, a dolladsth

of additional consumption benefits 100 years fraw nvould be worth less than 3 cents today; which is
another way of saying that as a price for givingipvorth of consumption today, you would demarad th
more than $30 worth of consumption benefits be naadglable 100 years from now. A number of
economic models of climate change have shown ftlyatui use an annual discount rate of, say, 4%, the
costs (which are negative benefits) are greater tia sum of the discounted benefits from curbieg n
carbon emissions. Doing something about climateghaow, the calculations imply, would be to throw
money away in a comparatively bad project.

Should the global community discount future constiompbenefits at a positive rate? There are
two reasons why it may be reasonable for the globamunity to discount future benefits at a positiv
rate. First, a future benefit would be of less edluan that same benefit today if the global comtyus
impatient to enjoy the benefit now. Impatience reason for discounting future costs and beneffits a
positive rate. Second, considerations of justiakequality demand that consumption per capita shoul
be smoothed across the generations. So, if fukmergtions are likely to be richer than us, theie ¢ase
for valuing an extra dollar's worth of their conquion less than an extra dollar's worth of our
consumption, other things being equal. Rising congion per capita provides a second justificatiam f
discounting future costs and benefits at a posiave.

Philosophers have argued that societal impatieneghically indefensible, because it favours
policies that discriminate against future generatimerely on the grounds that they are not preéeday.
Once we accept their argument, we are left witly tm second reason for discounting future costs an
benefits. But if rising per capita consumption pdes the global community with a reason for disdimgn
future consumption benefits at a positive ratelidieg per capita consumption would provide it with
reason for discounting future consumption beneatfitsnegative rate.

Economists use positive discount rates in their efgodf climate change because the models

assume that global consumption per head will continugtow over the next 150 years and more even if



net emissions of greenhouse gases follow curremd;, which is to assume that climate change puses
serious threat to the future. But an increase@mtiean global temperature by 3-5 degrees Celsiuglwo
take the biosphere into a climatic zone that hadeen visited imillions of years on Earth. The possible
consequences of such changes to our productiveabase huge, that it isn't to be an alarmist &stjan
forecasts of continual economic growth even aftettEenters that zone. Suppose you fear that lifimgt
substantial is done today to discover ways to sgquearbon and to find alternatives to fossil $used
sources of energy, there is a sizeable chancegliblzel consumption per head, suitably weightedsgro
regions and income groups, will decline - owing, $a a big increase in the frequency of extrematier
events, more severe droughts in the tropics, thergence of new pathogens, and degradation of vital
ecosystems. You should then use a negative ralisdount future consumption benefits. Notice though
that applying a negative rasanplifies benefits in the distant future when viewed frora gresent, it
doesn't attenuate them.

Let us perform a quick calculation to get a feeldmers of magnitude. Empirical evidence from
societal and personal choices suggests that the isiciety ought to use to discount future consiomp
benefits is about 3 times the percentage rate afigd of consumption per capita. Imagine that carbon
emissions follow their current trends (which iseoficalled "business as usual"). Consider a sceimario
which global consumption per capita increases ainamual rate of 0.5% for the next 50 years andruex|
at 1% a year for the following 100 years. Undet 8wenario the global community ought to discount
future consumption benefits at 1.5% a year fomtket 50 years (3 times 0.5) andnahus 3% for the
subsequent 100 years (3 times minus 1). A simpdelledion now shows that a dollar's worth of adufitil
consumption 150 years from now is worth $9 of adiditl consumption today. To put it another way, the
global community should be willing to forego $9 wWoof additional consumption today for an extra
dollar's worth of consumption benefits 150 yearthmfuture. The calculation reverses the messeage t
has been conveyed by economic models of climategeha

There should be little doubt that private investeogild be using a positive rate to discount their
personal earnings even under the above scenarg.Wduld be doing so because the interest rateeaffe

by commercial banks on deposits would most likelyain positive. But there is no contradiction here.



Under "business as usual”, the atmosphere is amaqmess resource. So long as people are freeitto em
carbon dioxide, there will be a wedge between feivates of return on investment and the ratew/thil
community ought to use to discount collective casid benefits. The former could be positive eveilevh
the latter is negative. That wedge is a reasordatrolling carbon emissions into the atmosphere an
bringing the two rates closer to each other; it smeason for claiming that the problem of glotdathate
change should be shelved for the future.
4. Including Naturein Economics

The pace and direction of science and technolagheavily influenced by the character of public
funding in R&D and by financial incentives impligit the system of prices for goods and services.The
Industrial Revolution and its aftermath have beeusually predatory against Nature because societies
have regarded Nature to be a free good. Moreogenagnists as a profession have gone along that poin
of view. In this paper | have argued not only th& high time that Nature is placed fairly andiatgly

in economic calculations, but also that it can beed
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