’““Iw-luulull‘

Centre for ; Grantham Research Institute on
Climate Change Climate Change and
Economics and Policy | the Environment

“||I||...|...||I|||‘

Prosperity with growth: Economic growth,
climate change and environmental limits
Cameron Hepburn and Alex Bowen
October 2012

Centre for Climate Change Economics and Policy
Working Paper No. 109
Grantham Research Institute on Climate Change and
the Environment

Working Paper No. 93

& THE LONDON SCHOOL
9] or ECONOMICS anp

UNIVERSITY OF LEEDS POLITICAL SCIENCE m




The Centre for Climate Change Economics and Policy (CCCEP) was established
by the University of Leeds and the London School of Economics and Political
Science in 2008 to advance public and private action on climate change through
innovative, rigorous research. The Centre is funded by the UK Economic and Social
Research Council and has five inter-linked research programmes:

Developing climate science and economics

Climate change governance for a new global deal

Adaptation to climate change and human development

Governments, markets and climate change mitigation

The Munich Re Programme - Evaluating the economics of climate risks and
opportunities in the insurance sector

aOrwNPE

More information about the Centre for Climate Change Economics and Policy can be
found at: http://www.cccep.ac.uk.

The Grantham Research Institute on Climate Change and the Environment was
established by the London School of Economics and Political Science in 2008 to
bring together international expertise on economics, finance, geography, the
environment, international development and political economy to create a world-
leading centre for policy-relevant research and training in climate change and the
environment. The Institute is funded by the Grantham Foundation for the Protection
of the Environment, and has five research programmes:

1. Global response strategies

2. Green growth

3. Practical aspects of climate policy

4. Adaptation and development

5. Resource security

More information about the Grantham Research Institute on Climate Change and the
Environment can be found at: http://www.Ise.ac.uk/grantham.

This working paper is intended to stimulate discussion within the research community
and among users of research, and its content may have been submitted for
publication in academic journals. It has been reviewed by at least one internal referee
before publication. The views expressed in this paper represent those of the
author(s) and do not necessarily represent those of the host institutions or funders.



Prosperity with growth: Economic growth, climate
change and environmental limits

Cameron Hepburn and Alex Bowen'

Grantham Research Institute on Climate Changelan&mvironment,
London School of Economics

Forthcoming as Hepburn, C. and Bowen, A. (2013)ps$perity with growth:
Economic growth, climate change and environmentatd’ in Fouquet, R. (ed.),
Handbook of Energy and Climate Changelward Elgar.

26" October 2012

Abstract

Debate about the relationship between environmdintds and economic growth has
been taking place for several decades. These argsinave re-emerged with greater
intensity following advances in the understandifthe economics of climate change,
increases in resource and oil prices and the regamee of the discussion about
“peak oil”. The economic pessimism created bygreat recession of 2008-2012 has
also put the spotlight back on the prospects fonemic growth. This chapter
provides a conceptual and synthetic analysis ofdlaionship between economic
growth and environmental limits, including thosgwsed by climate change. It
explores two related questions. Will environmetfitaits, including limits on the
climate system, slow or even halt economic grovitin®t, how will the nature of
economic growth have to alter? It is concluded dwaitinued economic growth is
feasible and desirable, although not without sigaift changes in its characteristics.
These changes need to involve ultimately the redluctf the rate of material output,
with continued growth in value being generated yyamsion in the ‘intellectual
economy’.
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1. Introduction

“Saving the environment will certainly check production growth and probably
lead to lower levels of national income. This outcome can hardly surprise. Many
have known for a long time that population growth and rising production and
consumption cannot be sustained forever in a finite world.”

Debate has raged among and between economistsprameintalists and others about
whether increases in production and consumptiorbeasustained forever, or whether
we are eventually destined for a ‘stationary statehcome, labour and capital. This
debate, at times, has been remarkably heated amonaicien?’

Perspectives on the extent to which environmemtdlrasource constraints will limit
economic growth might be grouped into three catiegor The first view is that
environmental factors pose no limitation to ecormgrowth. For instance, Lomborg
(2001, Chapter 12) claimed that resources are biagomore abundant. Simon
(1981) famously asserted that there is no reat ionour capacity to keep growing,
and made bets to prove it. Simon (1980) arguedlhileaterm ‘finite’ is ‘not only
inappropriate but is downright misleading in thetext of natural resource$’ Until

a decade ago, there appeared to be empirical dupptie view that commodities
were becoming more economically abundant (JohrZ@®0), given the long-term
trend of declining commodity prices over thé"2@ntury (Dobbs, Oppenheim and
Thompson, 2011). Such views are also in accordaitbethe central result of most
standard neoclassical and endogenous growth matl$&abour, capital and human
capital as the factors of production: provided textbgical progress continues,
economic growth can be sustained indefinitely. A&ndnomic growth may generate
technological progress, a view stretching backdarA Smith’s argument that the
division of labour is limited by the extent of thearket (Smith, 1776). Economic
growth enlarges markets and permits greater sjatiain and variety; increasing
returns to scale stimulate economic growth (Yourég8).

The second view is that environmental limitation &t least exert a ‘drag’ on
economic growth. This environmental drag is causedatural resource limitations
and the various negative effects of pollution codoictivity and human well-being.
Nordhaus (1992) and Bruvoll et al. (1999) attemptedstimate the historical extent
of the environmental drag and make tentative faescir the future. While these
estimates are admittedly still relatively crudes toncept of the environmental ‘drag’
on economic growth has entered mainstream macroaaos and is presented in
standard graduate macroeconomics textbooks, sugbrasr (2006).

% Tinbergen and Hueting (1992, p.56).

% See, in particular, the acerbic remarks of botly PE997) and Solow (1997).

4 Within the specific context of energy and fossil fuels, Helm (2011) presents the opinion that the
world is awash with fossil fuels. The contrary view, exemplified by Campbell and Laherrére
(1998), is the ‘peak oil’ hypothesis that supply will flatten as demand increases, leading to higher
oil prices. For a more recent expression of this view, see Sorrell et. al. (2010) and King and
Murray (2012).



The third view, reflected by the opening quote frombergen and Hueting (1992), is
that environmental limitations are significant egbuo prevent sustained growth in
consumption and production. This perspective lggrigins in the writings of
classical economists, such as Malthus (1798), wtyoeal that living standards would
ultimately be driven to a bare subsistence leveld, Mill (1848), who argued that the
economy would eventually reach a stationary sStiletable proponents of this
viewpoint in the 20th century have included Johryivad Keyne$,Sir John Hicks
and Nicholas Georgescu-Roeddronically, this viewpoint gradually became
fiercely anti-establishment. It has seen a revivakcent years with popular books
such as “Prosperity without Growth™ (Jackson, 200

Some economists concede that the environmentalct®pé growth may harm well-
being but assert that environmental limitationsoneat concern us in the long run.
Ultimately, enough economic growth, through theoagged technological progress
and shifts in preferences, will cure environmedtgradation and hence remove any
constraints on growth. Beckerman (1992, p 482) esg@s the first leg of this
argument with his usual clarity:

Furthermore there is clear evidence that, although economic growth usually
leads to environmental degradation in the early stages of the process, in the
end the best —and probably the only — way to attain a decent environment
in most countries is to become rich.

This inverted U-shape relationship between enviremial quality and per capita
income is usually labelled the environmental Kugreetrve (EKC), drawing on an
analogy with the observations of Kuznets (1955)h@relationship of income
inequality to changes in per capita income. If Esdvere to provide convincing
support for an EKC curve across a wide range dbfaoits, including carbon dioxide,
then we would be tempted to draw the conclusiohgbanomic growth can be
sustained indefinitely, as long as the vast mgjaitcountries can graduate to high
enough income levels.

However, careful thinking is required. The EKCirigtire seeks to answer the
guestion of whether economic growth will ultimatédad to specific environmental
improvements. This is a related but different goesto whether environmental
constraints in general will limit economic growtven if EKCs have wide
applicability and economic growth is shown to bérteée environment in some
respects, it is possible that environmental linotag will nevertheless slow growth,
perhaps even to the point that we reach a stagi@tate. In the current economic
context, with widespread pessimism about the ecanontlook and anaemic growth
at best in most major OECD countries, an eventiaéibsiary state is now easier for
some commentators to contemplate.

> Mill (1848) further implied that if we did not dbkrately guide the economy towards such a
stationary state, an environmental collapse woesdilk.

® See, for example, ‘Economic Possibilities for @wandchildren’ in Keynes (1930).

" Hicks (1983, p 68) thought that once populatiocdstrolled, the ‘Stationary State is no longer a
horror. It becomes an objective at which to aim.’

® Georgescu-Roegen was a Distinguished Fellow oAtherican Economic Association and,
according to Paul Samuelson, a ‘scholar’s schalaeconomist’'s economist’. See the preface to
Georgescu-Roegen (1966).



This chapter considers the three viewpoints andtise the arguments that underpin
each view. We draw a distinction between mategahemic activity (where the laws
of thermodynamics and the limits to substitutaypiiit production and consumption
may eventually impose significant economic constgiand intellectual activity. We
observe that it is theoretically feasible for sirstd increases in utility to result from
increases in the level of intellectual developmergn if the material economy
ultimately attains a stationary state.

The chapter proceeds as follows. Section 2 presieatsey concepts and examines
the three views on the severity of environmentaltations to economic growth. It
also reviews some empirical estimates of ‘enviromi@ledrag’ and discusses the
relevance of the literature on the EKC. In secBpwe attempt to unify the competing
perspectives, and argue that even in a materi@tiogsary state, indefinite growth in
well-being is possible because of progress inntadlectual economy. We also
directly consider the notion of ‘prosperity withagrowth’ and the claim that stopping
economic growth is necessary for resolving a proldech as climate change.
Section 4 concludes.

2 Conceptual clarifications

Research into the relationship between economitfyrand the environment is often
focused on one of two distinct but related questidiirst, do environmental
constraints limit economic growth? Second, doeseguc growth improve
environmental quality? We consider both questiortsiin in this section. Before
doing that, however, it is important to define wisateant by ‘economic growth’.

2.1 Economic growth

A growth rate is merely the (proportional) ratecbfinge of a variable. References to
‘economic growth’ tend to refer to the rate of chamn output, or, more specifically,
in real gross domestic product (GDP). GDP is a nreasf the market value of all
final goods and services produced in the economg fpven year, adjusted to
remove the impact of changes in the general peell In this sense, economic
growth reflects increases in the value of outpudssessed by participants in the
markets for goods and services. GDP does not meastreases in physical mass
moving through the economic system. This is impurtaecause although there are,
ultimately, physical limitations on the materiatgbghput of the economy, it is
conceptually possible for growth in the value obd® and services to grow without
bound.

A positive (negative) GDP growth rate implies ttieg market economy is expanding
(contracting). An expansion in average GDP per headry likely to be associated
with an increase in average consumption per heatgasing that measure of material
well-being. It also appears to be very helpfulamiributing to reductions in the
incidence of poverty (Kanbur, 2001; Collier, 200Faster growth after a period of
slowdown can reduce unemployment and increaseipeccavestment

opportunities, stimulating ‘animal spirits’. Shatewdowns, as recently experienced
in many OECD countries, usually lead to increasasmiemployment, crime, mental
illness and severe reductions in welfare.



Friedman (2005) also argues that economic growdgliiges broader welfare benefits,
in that it fosters ‘moral societies’ characterizgdsocial and political liberalization,
manifested in increased opportunity, tolerancenenoc and social mobility, fairness
and democracy. Furthermore, he asserts that ecorgyowth is partly responsible for
some of the great periods of technological andledtial advance, particularly the
Enlightenment. In short, irrespective of these wicknsiderations, it is evident that
economic growth is important for welfare, espewiall poorer countries, and that
recessions and the absence of per capita growkba&tunder existing economic and
social arrangements) are damaging.

2.2 Environmental limitations on economic growth

Conceptually, perspectives of the environmentaitéittons on economic growth can
be divided into the three categories set out inritreduction. The first perspective is
the most optimistic — infinite economic growth isgsible driven by technological
progress and human ingenuity (section 2.2.1). Eleersd perspective is that growth
will continue but environmental limits will exert'drag’ (section 2.2.2). Finally, the
third position is that environmental limitationslivor at least might, eventually bring
growth to a halt (section 2.2.3). We consider gaispective in turn.

2.2.1 Sustained growth: neoclassical and endogenous growth models

Most neoclassical and new-growth theory does npliatty model environmental
limitations, and hence never-ending growth is oftessible. Solow (1956) showed
that capital accumulation alone cannot supporiasusd growth, because of
diminishing returns. However, the incorporation@ogenous) technological
progress allows indefinite economic growth. Extensiof the neoclassical model to
include natural resources (e.g. Stiglitz, 1974paltution (e.g. Stokey, 1998) still
conclude that unbounded growth can be supportekbgenous technological
progress. The new breeds of endogenous growth si@dsd generally give rise to
limitless increases in economic outfuesulting from constant (or increasing) returns
to ideas overcoming diminishing returns to cagitélgain, many of these models
abstract from environmental limitations and henmectude that infinite growth is a
possible, and indeed likely, outcome. Sustaineavtiras even found as an outcome
in some models that include environmental limitasioAghion and Howitt (1998,
Chapter 5) and Grimaud (1999) show that growtlussasnable provided that the
elasticity of intertemporal substitution is lesarttunity. Michel and Rotillon (1995)
find unlimited growth when the marginal utility obnsumption rises with pollution.

Standard neoclassical models prompted fierce ismtidy authors such as Georgescu-
Roegen (1975) and Daly (1997). Stiglitz (1997) iepthat this criticism stems from a
failure to understand the role of analytical models states, “We write down models
as if they extend out to infinity, but no one takiesse limits seriously — for one

thing, an exponential increase in population pressaimost unimaginable problem of
congestion on our limited planefThe danger is that, without adequate and very

° Prominent examples include Romer (1986), Romed@),SGrossman and Helpman (1991) and
Aghion and Howitt (1992).

10 Limitless in the sense of output increasing without limit (not in the sense of there being no
constraint on annual growth rates).

! General reviews of the early endogenous growehditire can be found in Grossman and Helpman
(1994), Romer (1994) and Solow (1994).

12 Solow (1997) similarly felt the need to explaindaly the purpose of theoretical models.



obvious caveats, conclusions of analytical modettaken seriously. Opschoor
(1997) states bluntly of Stiglitz: “Well, he had fio®led, for one”. Furthermore,
Simon (1981) argues seriously (and capably) therét is no meaningful physical
limit — even the commonly mentioned weight of tlaete — to our capacity to keep
growing forever.” Others, however, such as Clag9@), claim never to have been
misled: “The argument...has always struck me asxarcise in inanity, at least when
carried to the limit of supporting the possibildl/perpetual economic growth”.

In any event, the odds of humanity surviving thelmsion of our Sun in several
billion years, let along thriving and continuingdgoow out ‘to infinity’ would appear
to be vanishingly small, irrespective of whetherdals such as that of Stiglitz (1997)
are to be taken literally or not. The notion tatmight enjoy unlimited economic
expansion forever, without some kind of ‘environitadrag’, serves as a helpful
conceptual benchmark. In practice, however, igigptihe environmental drag,
however, is increasingly implausible as ‘planetaoyndaries’ are exceeded
(Rockstrom et. al., 2009). And environmental aggburce pressures seem only
likely to increase as the human population swetls'f7 billion to 9-10 billion and,
critically, as the number of middle class consungeesvs from 1 billion to 4 billion
people (Kharas, 2010). The question is: will thatg at some point reduce the
growth rate to zero? Is it appropriate to invokéemvironmental Laffer curve’ by
describing a future state where environmental disgian and resource consumption
would clearly prevent future growth and then arths there must be a prior turning
point at which attempts to grow faster become deféating?

2.2.2 Environmental drag

The concept of an ‘environmental drag’ appearsaeelbeen introduced by Nordhaus
(1992), in the course of engaging with Meadowd.gt1892)** Nordhaus (1992)
defines the environmental drag as ‘true nationzbine™ growth when resources are
‘superabundant (but not free)’ and there is noytimh, minus actual ‘true national
income’ growth, with scarce resources and pollutiime concept of an
environmental drag on growth is now firmly withiramstream economics, as
attested by its presentation in Romer (2006, Chdptea standard graduate
macroeconomic text.

Despite the usefulness of the concept of the enmemtal drag, few theoretical
papers to date have explicitly provided analyteogbressions for it. Nevertheless, it
would be straightforward to derive the environmédtag for the models of
Bovenberg and Smulders (1995), Byrne (1997), St¢k898), Aghion and Howitt
(1998) and Grimaud (1999).

Empirically, the environmental drag can be divided two components. The first
component is the constraint on production due écetlirth’s limited natural resources.
This has been of concern to economists for some. tindeed, in deriving the rate of
optimal extraction of a resource, Hotelling (1981,37) observed:

13 No reference to the concept was found in thedlitee prior to 1992, and Nordhaus (1992) provides
no citation when defining the term. Weitzman (198joduces a different ‘environmental drag’
concept, which represents the cost of environmeatallation, without reference to Nordhaus (1992).
14 This includes appropriately measured consumpfitus the value of net accumulations or
decumulations of all ‘capital’, including physicéiiman, technical, research and environmental
capital.



Contemplation of the world’s disappearing supplies of minerals, forests, and
other exhaustible assets has led to demands for regulation of their
exploitation. The feeling that these products are now too cheap for the good
of future generations, that they are being selfishly exploited at too rapid a
rate, and that in consequence of their excessive cheapness they are being
produced and consumed wastefully has given rise to the conservation
movement.

Before Hotelling, Jevons (1865) was concerned thiéheffect of depletion of natural
resources, warning of dire consequences for Bntidhstry upon the inevitable
exhaustion of coal stocks. However, both Jevong-tdlling appear to have
underestimated human inventiveness and adaptabHibew reserves have been
discovered and substitutes have been developetdoce resources. Indeed, there
have been plenty of counter-examples to the assomibtat no factor substitution is
possible, a few of which are noted in Nordhaus 897

Nordhaus (1992) estimates the drag on growth froemce resources, comparing a
‘limited’ case with a case where resources are otactually ‘unlimited’. He finds
the largest growth drag to be from limited enenggmdies, amounting to only 15.5
basis points per year (0.155 per cent per yeag.drag on growth from limited
copper supplies was found to be 1 basis point gar,yand by extension, 2 basis
points for all nonfuel minerals. While these estiesaare extremely crude, he proffers
them because “it is hardly interesting to say we'tknow”. These estimates are
shown in Figure 1, under the category of non-refdsveesources.

Source of Drag Impact on world growth rate Impact on world output in 2050
1980-2050 (percentage reduction)
(basis points per year)

Non-renewable resources

Energy fuels 15.5 10.3

Nonfuel energy 29 2.0

Entropy 0.0 0.0
Pollution

Greenhouse warming 2.9 2.0

Local pollutants 4.4 3.0
Land drag 5.2 3.6
Total 30.9 19.4

Figure 1: Estimates of environmental drag by Noudh@ 992)

A component of the non-renewable resources dreggasdation due to the second law
of thermodynamics. This states that all physicatpsses (including transformation
of materials or energy) must increase total entragyeasure of thermodynamic



disorder*® One of the first expositions of the relationshgieen entropy and
economic processes was an introductory essay bggésmi-Roegen (1966). Paul
Samuelson was impressed, writing in the prefacdefy any informed economist to
remain complacent after meditating over this ess@lgé entropy analysis was
extended in Georgescu-Roegen (1971), where theneusrsize of the flows of solar
‘negentropy income’ (free energy) is notédn contrast, Nordhaus (1992) relies on
these negentropy flows to support the estimate showigure 1, concluding that, “as
long as the sun shines brightly on our fair platiet,appropriate estimate for the drag
from increasing entropy is zerd”.

The second component is the drag from pollutiohis Ts increasingly of concern to
policy-makers. Nordhaus (1992) provides a rougimege of the drag on world
income growth from the greenhouse effect. His fasum growth as traditionally
measured by changes in the market value of outpssuming a doubling of CO
concentrations by 2059 he estimates that the cost of the greenhouset effadd be
between 0 and 2 per cent of world income, whileqgies to prevent it would use
between 1 and 5 per cent of income. He takes 2grgras a compromise figure.
Since Stern (2006) and the IPCC (2007), howeverdhaus has updated these
damage estimates to between 1.2 - 1.7% of gloliplioti Stern (2006) estimates the
corresponding numbers, in terms of the welfareaegjant, balanced-growth-
equivalent reduction to be between 5 and 20 per cé&imally, based upon data from
the US EPA, Nordhaus (1992) estimates the anngalagollution control to be 3
per cent of total output’ Based upon the estimates collected in Figureotghbus
(1992) concludes, subject to reservations aboutetfiiative nature of his work, that
“an efficiently managed economy need not fear shiygw on the reefs of resource
exhaustion or environmental collapse”.

Nordhaus’s estimates are now 20 years old andjthdive greenhouse warming
estimates, it would seem more likely that dragnestes have increased rather than
declined since 1992. Somewhat more recently, Bretal. (1999) evaluated the

size of the environmental drag from seven air palits in a computable general
equilibrium model of the Norwegian economy. Thegdsacalculated by examining
three effects of these pollutants. First, the madsksses the impact of pollutants such
as SQ, NO«, CO and PM10 on labour supply and productivityséssdue to traffic-
related externalities and respiratory problemso8égcthe corrosion impacts of SO

15 We note that natural scientists would advise ugmemploy the term ‘disorder’ in this context.eTh
precise, statistical definition of ‘order’ does mafuate with the common, intuitive notion, excepew
applied to ideal gases and dilute solutions: séiae&3q1997).

'®|n particular, Georgescu-Roegen (1971) states thafsurprising as it may seem, the entire stdck o
natural resources is not worth more than a few dégsinlight!”

" This conclusion is supported by the argumentsaxing (1991), but disputed by Daly (1992) and
Townsend (1992).

'8 This is consistent with the high projection by theergovernmental Panel on Climate Change
(1990).

¥There is a continuing and lively debate about whethese estimates adequately reflect climate-
change risks, attitudes to risk, appropriate saliEdount rates and non-market costs of climategba
impacts.

2 By way of comparison, Adkins et al. (2010) estientite increase in cost of pollution control
following a hypothetical carbon tax of $15t/€Ohey find that foremost manufacturing industries,
costs are estimated to increase by less than @epemhilst for other industries, cost increases ar
larger. For example, refining LPG costs are esgéhad rise the most (22.4 per cent), followed by
other refining (9.8 per cent) and cement (5.7 pert)c



on equipment, in addition to the damage to roaals firaffic, are evaluated. Third,
the direct effect of air pollutants on consumelitytis estimated. The authors
calculate that the environmental drag on welfaoewin is 23 basis points annually,
and the drag on conventional economic growth ibd€s points. This is more than
twice the 4.4 basis point estimate by NordhausZ198iven that Bruvoll et al.
(1999) considered only three negative effects eésair pollutants, the total drag on
growth from pollution would be expected to be shigantly larger.

These limited investigations suggest that the emvirental drag on growth may be
significant, and may have increased over the lagple of decades. Also, it may be
larger if a more comprehensive measure of outgaurt thaditional GDP is used and if
account is taken of the depreciation of all forrhsapital. The World Bank has
attempted to estimate countries’ net saving ra@sisted for major environmental
damages and resource depletion (World Bank, 200&)ggests that these factors
significantly reduce net saving more broadly meaduEnergy depletion, for
example, is estimated to make annual true glokdadangng about 3.3 percentage
points of gross national income lower than theiti@obl measure of saving;
particulate emissions have an impact of 0.7 peaggnpoints (World Bank, 2011).
However, as a fraction of economic activity, thpeecentages are still rather small.
The question that flows is whether these envirortaidimitations will eventually
become large enough to the extent that we are atiéiyndestined to wind down to a
stationary state.

2.2.3 A ‘stationary state’?

Some endogenous growth models that consider emagntal externalities generate
an eventual stationary state. For instance, irA&nhrhodel’ with pollution as a
consumption externality, Michel and Rotillon (19%bjow a stationary state to be
optimal where the marginal utility of consumptiail$ or remains constant with
pollution. Withagen (1995) similarly proves thaethresence of a stock pollutant can
change the optimal path from balanced growth tm@osary state. Stokey (1998)
finds that sustained growth is not optirffal.

Whether a stationary state is likely or desiralideiously relates to the notion of
sustainability. One definition, ‘weak sustainailrequires that for economic growth
to be considered sustainable, the total aggretiatk of capital, both physical and
natural, should not decline over time. In otherdgo even if there is an
environmental drag created by pollution and resees@loitation, or more broadly
the reduction of natural capital, economic growtyrstill be sustainable provided
that the level of physical (and other) capital @ases at least as quickly as natural
capital is depleted. This appears to be the comoepitzating the World Bank’s
estimates of adjusted net saving rates. Heal (20istysses further the importance of
measuring and assessing sustainability. Neuma@@3jZzmphasizes the implications
of weak sustainability, noting that, “Accordingw@ak sustainability, it does not
matter whether the current generation uses up eoewable resources or dumpsLO
in the atmosphere as long as enough machinerids @nd ports are built in
compensation.” In other words, if natural capisgberfectly substitutable with man-
made capital, then welfare can be preserved prd\adgregate capital stocks are not

21 In Stokey’s model, pollution is an input to protan; hence as capital grows the real rate of retur
can only increase if pollution grows proportionalljtility is assumed to be concave in consumption
and convex in pollution, so such a path is subrogti



decreasing. Weak sustainability may thus be fomedlihrough the concept of
Hartwick-Solow sustainability, in which the totalma of all changes in capital stocks
must be zero.

In contrast, ‘strong sustainability’ is largely wrdtood to require the preservation of
natural capital (or at least some minimum quantitygspective of its substitutability
(or otherwise) for other forms of capital, althougirious definitions of strong
sustainability have been advanced (Neumayer, 200®eservation of human
welfare requires the preservation of aggregatekstotnatural capital (or indeed
stocks of specific environmental capital, suchraatanosphere conducive to human
life), then it may be that no increase in manufeedicapital can compensate for
reductions in natural capital. This does not neaely condemn us to a stationary
state — provided that natural capital stocks anéepted, the rest of the economy
might be able to continue growing — but strong tations in the substitutability
among capital stocks would seem to make a statyastate more likely. We return to
reviewing the potential to preserve natural cagtatks while growing in section 3,
on decoupling, following an analysis of the relatgstion of the impact of
economic growth on the environment.

2.3 The impact of economic growth on the environment

It is possible to argue that the drag of environtaleshegradation on growth will
diminish in importance because economic growthfitgdl lead to a better
environment. Like many environmental issues, viewshe effect of economic
growth on the environment are unnecessarily p@adri&reen organisations stress,
correctly, that economic growth increases wastepatidtion. The 1972 Club of
Rome report into the ‘Limits to growth’ modelledasiness-as-usual global system
collapse by the middle of the 2&entury due to finite resources (Meadows et al.,
1972). Similar arguments were advanced by Schuengd@®873) and Mishan (1967).
Turner (2008) argues that the past 30 years hasdea evidence broadly in line with
their base case. Others argue, again correctlyetmmomic growth increases
incomes, which increases the demand for a cleamae attractive environment
(other things — especially prices — equal). Onéawaion this argument is that
societies with higher incomes tend to have betsgrsmf dealing with market failures
in the environmental sphere (either because thepetter at governance in general,
which has helped them become richer, or becausa gmeernance is expensive). A
corollary is that higher rates of environmental rdglgtion in poorer societies do not
necessarily imply that environmental goods arexary apparently high income
elasticities of demand for such goods may simpigcethe inability of people in
poorer societies to express their preferencesnegpect to the environment. Direct
estimates of income elasticities cast doubt oraisimption that environmental
goods are in fact regarded as luxuries (Kristrooh Riera, 1996). Another variant
invokes a supply-side argument rather than a deramiedargument: richer societies
tend to have a comparative advantage in produatsatie less environmentally
harmful, perhaps because they are more intensitreeinse of human capital and less
in material inputs. Economists have framed the tkebg hypothesising that these two
opposing tendencies could give rise to a so-caiadronmental Kuznets curve
(EKC) — an inverted U-shape relationship betwearcpgita income and
environmental quality, as illustrated in Figure)2(c



A variety of theoretical justifications for the EKitave been proposed. Stokey (1998)
provides perhaps the simplest. She surmises titif from consumption increases
rapidly with diminishing returns, whilst the utiliteceived from environmental
quality, measured as the level of pollution, insemaslowly with increasing returns,
resulting in an inverted U-shape relationship asme increases over time. The main
implication of the model is that the prospectsdostainable growth ultimately
depend on whether a constant rate of return onatapicompatible with increasingly
strict environmental regulation (Stokey, 1998)ne®and Manuelli (2001) develop a
model where societies choose their preferred lefvpbllution by voting. Assuming
that environmental quality is a luxury good, wheuisty votes on the level of

effluent charges they predict an inverted U, fokalby a pollution increase, as in
Figure 2(d)? Andreoni and Levinson (2001) provide a very sinfplendation for the
EKC, relying solely on increasing returns to paatabatemerft® This has the
realistic implication that returns to abatemenbgftliminish as pollution is abated.

EP EP
()

(b)

Income/capita Income/capita

EP EP

(d)
(c)

Income/capita Income/capita

Income/capita Income/capita

Figure 2: Relationships between environmental pireségEP) and per capita income.

Despite a vast amount of empirical work done orBKE hypothesis, evidence
supporting the hypothesis is at best specific tallpollutants; there is no clear
evidence that the EKC holds at the global and géievel. Evidence supporting the
EKC by Grossman and Krueger (1995), Cole et aBT)L9Shafik (1994) and Selden
and Song (1994) shows estimated turning pointeatg@pita incomes of between
1985 US$3,280 to $14,700 for a variety of localeaid water pollutants. For global

?2|n contrast, when voting is on the dirtiest alldeatechnology, Jones and Manuelli (2001) find that
pollution increases monotonically to a bounded mmaxn, as in Figure 2(a).

23 ‘Increasing returns’ us used to imply that the more pollution there is before abatement
begins, the less costly it is to abate each unit of pollution.



pollutants such as COturning points are modelled to be well above mes

currently achieved by any nation, potentially cstesit with Figure 2(a) or 2(c).
Furthermore, work by Shafik (1994) on faecal cohterd Grossman and Krueger
(1995) on urban Sfzoncentrations shows evidence of a cubic relatipnsis in
Figure 2(d), where pollution levels show a secamdihg point at higher incomes.
Grossman and Krueger (1991) also find an ‘N-shega®er than an inverted-U shape
for aggregate material inputs per unit output tigfotime. Moreover, after a thorough
review of the literature, Ekins (2000) concludeatttmne EKC is not unequivocally
supported for any individual environmental indigadiad is rejected for
environmental quality as a whole. Stern (2004) sstgythat developing countries are
adopting developed-country behaviour with respesioime environmental issues,
thus eroding any traditional EKC relationship. Tbisclusion is supported by
Caviglia—Hatrris et al. (2009), whose analysis ofE#sing Ecological Footprint
measures also found no significant EKC relationgl@pveen development and
growth. Stern (2004) also concludes, “The evidenshows that the statistical
analysis on which the environmental Kuznets cusveaised is not robust. There is
little evidence for a common inverted U-shaped waththat countries follow as their
income rises.” This echoes Copeland and Taylod420.8), who write, “Our review
of both the theoretical and empirical work on thé(Heads us to be sceptical about
the existence of a simple and predictable relakignetween pollution and per capita
Income”.

In addition to the lack of support in the empirititdrature, there is confusion about
the relevance of the EKC hypothesis to the ‘lindtgrowth’ debate. In one of the less
confused statements, Ekins (2000, Chapter 7) staésccepting the EKC
hypothesis “turns the ‘limits to growth’ argumemt ils head”. Instead of the
environment setting limits to growth, these conidas suggest that growth is a
requirement of environmental improvement. Whileslesnfused, this is nevertheless
misleading in so far as it suggests that proohefEKC would imply the possibility

of unbounded growth. In principle, one can acclkat €conomic growth improves
environmental quality while also holding that eevimental limits will nevertheless
prevent unbounded growth.

Furthermore, there are three other reasons whyekes between the EKC and the
limits to growth debates is not as strong as nighthought. First, as noted above, the
EKC appears to be most convincing if it is a mica®@mic phenomenon, which is
not necessarily applicable in the aggregate. Seanmaltheoretical basis for the EKC
is the fact that pollution reductions are lesslgoshen processes are less efficient to
begin with? But, as production processes become more effiaietireach their
thermodynamic limits, a lower bound of pollutiorr pait output will be attained. As
such, proof of the EKC hypothesis would not neadlgsanply that growth is
unconstrained by environmental bounds. Once theymandic efficiency is achieved,
unless some alternative use for the waste produdiscovered, increases in material
output will cause corresponding, unambiguous irggean pollution. Third, the
independent variable employed in the EKC literatsr@er capita income— conflates
income derived from a range of different sourcesjes of which are materials
intensive and others ‘material efficient’ (Baptstd Hepburn, 2012). We discuss this
further in Section 3. In sum, given these threswes, the proof or otherwise of the

24 See Andreoni and Levinson (2001).



EKC will not decide the question of the environnathimitations on economic
growth.

The next section looks in more detail at the falsilof sustained growth in value.
We ask in more detail what would be required tctgle’ the economy from its
material basis so that GDP growth can continueenihitreases in certain material
throughputs (e.g. C£{emissions) gradually decline to sustainable levels

3 Decoupling and the feasibility of sustained growth

Changes in technology are one of the main factodetermining the development
and long-run growth of an economy. For welfaredatinue to rise with economic
growth, future growth must damage the environmeatsdower rate, and eventually it
must actually preserve the some stock level ofrahtapital altogether. In other
words, increases in economic output eventually rhastecoupled’ from increases in
pressure on the environment. Is this feasible?

3.1 Is zero economic growth the answer?

Several scholars and commentators, including Jac09), think that growth in
economic activity itself is the fundamental probjJeand that we must strive for
‘prosperity without growth’. Jackson emphasizesithportance of distinguishing
between ‘relative’ and ‘absolute’ decoupling of Bomic output and environmental
pressure. Relative decoupling implies a reductiothé environmental pressure per
unit of economic output. So-called ‘absolute dgxtimg’ is a reduction in
environmental pressure. Thus, if economic growtassumed to continue, relative
decoupling is a necessary, but not sufficient, a@mmfor absolute decoupling.
Jackson (2009) argues that, in the long run, absdlecoupling is an essential
condition for economic activity to remain withinadagical limits.

There is clear evidence of relative decouplinganaus forms. This is not surprising.
Firms have incentives (if imperfect) to stimulatedvation and make improvements
in efficiency to reduce input costs, including neise consumption and environmental
damage (where this is priced). For example, glebalgy intensity is now 33%

lower than it was in 1970 in the OECD countriesQ@ 2007). However, for absolute
decoupling to occur, resource efficiencies mustaase at least as fast as economic
output increases.

Whilst there is frequent evidence of relative deidmg, evidence of absolute
decoupling is less common. Absolute decouplingdessn observed in some
resources. For example, forest cover is increasater than decreasing, in rich
countries, flint is no longer needed in axes, satgpfor gunpowder, or guano for
fertilizer. However, in the context of climate clganthere has been only relative, not
absolute, decoupling of economic growth and greesé@as (GHG) emissions. The
‘IPAT equation’ of Ehrlich and Holden (1971) cantmeed to explore the relevant
relationships. Lek denote total ‘impact’, measured in tonnes oh,€detP denote
global population, le denote affluence, measured by GDP per capitaleaid



denote ‘technology’ in the form of the GO®emissions intensity of GO® Then it is
an accounting identity that:

I = PAT
and hence:
Inf=InP+nd+1InT

Differentiating all terms with respect to time gsvihe relationship between the
growth rates of the variables:
I

P A T
(TP TATT
Empirically, at the global level over the past 2@ss, annual population growth)/ P,
has been 1.3%, annual GDP per capita gradild, has been 1.4% and emissions per
unit of GDP,T /T, has been falling by 0.75% p.a. The identity daties that Ce
emissions have been growing at 2% per annum:

I
7= 1.3% + 1.4% — 0.7% = 2%

Jackson (2009) employs this identity to argue #evis. First, while there has been
relative decouplingf{/T< 0) over the past 20 years, there is not yet aideace of
absolute decoupling {I> 0) between GHG emissions and economic outputori®k
on the basis of the experience over the past 28 yka concludes that absolute
decoupling is not possible, because he dismisgggassibility of a structural shift in
technological progress that would lower the emissiotensity of GDP to the degree
required. He notes that in order for emissionsatoatt the level to achieve théQ
global temperature change target, this requijés= —4.9%. Allowing for an
anticipated reduction in reduced annual populagi@wth to£/P = 0.7%, this annual
emissions intensity to fall at the levig{T = —7%, an enormous challenge. Third,
given this arithmetic, he (erroneously) concludest this that the only solution is to
target ‘prosperity without growth.’ That is, hislstion is to reducei/4 from 1.4% to
0%. It is simple addition that the implication bktcessation of economic growth,
with current rates of population growth and teclbgadal change, is that annual €O
emissions growth would be:

i
E: 1.3% 4+ 0% — 0.7% = 0.6%4

The conclusion is that even halting economic grosidés not produce absolute
decoupling (asi(/I > 0), and it certainly does not delivigil = —4.9%, as required
to restrain temperature increases to less th@n Achieving this, under Jackson’s
zero growth scenario, would still require a radisaluctural shift in technology to

%5 An alternative measure is the Kaya identity (Kaya Yokobori, 1997), which further splits @GO
intensity into (i) energy use per unit of GDP aiid@O,e emissions per unit of energy consumed.



T/T = —5.6%, implying a dramatic reduction in the emissioremsity of GDP.
Indeed, it is precisely this sort of structuralfsthiat Jackson rules out to justify his
‘no growth’ world.

It is clear to a very large number of scholars athers that shifting’/T from —0.7%
to —7% p.a. is an extreme challenge. However, iedi@/T to —5.6% while
simultaneouslyd/A is reduced to 0% is even more difficult econontjcédbserve the
relationship between affluence, R&D investment trapotential for a structural
shift), and impossible politically, and is sociallgdesirable. The consequences of
sharply slowing (let alone stopping) growth areestaable in the West at present:
high unemployment, increased levels of crime andtalélness, large-scale strikes
and so on show the social damage wrought by aroeaiercontraction.

Our point is that both paths involve Herculean ldmgles, and a ‘no growth’ world
does not solve the problem of climate change ceraghvironmental problems.
Rather, for the sake of prosperity and indeedik®dithood of success, it is better to
drive increases in technological progress, leatbrrgductions in intensity, to
generate absolute decoupling along with stable trolvstead of trying to work out
how to stop growth at least cost, the significard anportant question is how to
stimulate a structural shift and a radical chamgé.i We need ‘green growth’, not ‘no
growth’.

Solar Energy
>
[ —>
Intellectual | matter matter
_ Economy
Economy | energy energy
>

\4 Ecosystem

Heat

Figure 3: The material economy is bounded by tisgstem; the intellectual
economy is not

3.2 A conceptual vision of (absolute) decoupling

Consumption, properly defined, is broader thanetljeyments gained merely from
the material world. This should not be a controaitatement. When people over
the centuries have ‘consumed’ Rembranhlight Watch the novels of Dickens, or
Bach’sSaint Matthew’s Passigmany of them have felt awestruck at human
capability, and have, in economic jargon, seerr thidity increased (even if the
impacts might more correctly be seen as being insmaale). Critically,
consumption of such non-material, or ‘intellectuglbbods — ideas, art, literature,



psychological insight, music — is not bounded by émtropy law in the way that
material processes must succumb to the laws ofaa#ys such, there is no physical
limit to the progress of the ‘intellectual’ econom#nd as many intellectual outputs
are non-rival in consumption, the value of thelietdual economy can expand as
access to it expands, without significant extraemak input. More prosaically, many
activities categorised as services rely only telatively small extent on material
inputs — for example, the provision of a Faceboafgp And some products usually
regarded as the outputs of the manufacturing sesaich as CDs or computer
memory chips, derive most of their value from theiellectual content.

Quah (1997, 1999) elaborates on some of the intitaof what he calls the
weightless economy for industrial organisation andnomic development. He notes
“...the increasing importance in national income nbWwledge-products — computer
software, new media, electronic databases andikstaand Internet delivery of goods
and services”(Quah, 1999). He uses the term knaelguloducts to describe such
products not because they are knowledge-intensipeaduction (although they often
are), but because their physical properties resethblse of knowledge — infinite
expansibility and irrelevance of physical distané&itzman (1996) argues that new
ideas are generated by bringing different exisiilegs together, implying that the set
of potential ideas is limitless. John Stuart MiIB&8, p 129) asserted that while the
material economy would attain a stationary state jmtellectual development could
increase indefinitely:

It is scarcely necessary to remark that a statignasndition of capital and
population implies no stationary state of humanrowpment. There would be
as much scope as ever for all kinds of mental celtand moral and social
progress; as much room for improving the Art ofibgvand much more
likelihood of its being improved, when minds ceadee engrossed in the art of

getting on.

Figure 3 presents a simplistic relationship betwdenreconomy and the environment,
in which the material economy is bounded by thesgstem (i.e. physical throughput
must eventually bump up against limits), while thiexthe potential for the
unrestricted development of ideas in the intellacaconomy. Like increases in
material consumption, progress in the intellecatnomy increases our well-being.
In other words, the question to ask is not whetteican sustain limitless growth in
material consumption — we cannot — but whether wWeb& able indefinitely to
sustain increases in well-being. Seen throughléhis, aspects of all three schools of
thought, outlined above, are correct. Proponenisfwiite economic growth would
not claim that humans can circumvent the laws efrttodynamics, nor would they
contend that unbounded increases to material oatpypossible with finite matter.
Rather, the sensible claim is that technologicagprss can support infinite
‘economic growth’ — growth in value to humans —dese the intellectual economy is
unbounded, even if a stationary material econonagtined in the long ruff.

The concept of an ‘environmental drag’ on growth akso be accounted for. In the
long run, although the material economy is not gngwit is still producing material

26 Quah (1999) points out that societies may fail to achieve such growth, citing as an example the
decline of Chinese inventions and technological progress after the 14t century.



output at a constant rat€onstant material production implies non-zero gt
levels, which will exert a drag on utility growtteconomic growth’ can therefore be
sustained with zero material growth and increasitellectual growth, allowing for a
drag exerted by pollution. In short, all three suls®f thought are able to be
accounted for in the conceptual model represemi&igure 3.

In this manner, models with a steady state optinmauoh as Stokey (1998), Michel
and Rotillon (1995) and Withagen (1995) can berpreted as evidence that a
stationarymaterial state will eventually be attained. The views egpegl by Daly
(1996) are consistent; he argues that there igieatdistinction between ‘growth’
(which he defines to be material growth) and ‘depeatent’ (which essentially
constitutes intellectual progress and improvemanigell-being). In other words,
once the material needs of the society have bdesfiad, it is optimal for people to
expend their efforts in the intellectual and aitistalms, along the lines envisaged by
John Stuart Mill (1848, p129) and John Maynard Kesy(1930), the latter of whom
suggested in his essay entitled ‘Economic Posdslfor our Grandchildren’ that:

a point may soon be reached, much sooner perhapsviie are all of us aware
of, when those needs are satisfied in the senseviharefer to devote our
further energies to non-economic purposes.

3.3 The evidence on decoupling

Past evidence of structural shifts in various ssateay provide an insight into the
general process of decoupling, and to map proguasserstanding the process by
which technological change and structural transgioccur can assist by suggesting
policies that might be put in place to increasegtubability of an accelerated shift, in
this case in the realm of clean technology. Byrilefn, past evidence of the absence
of absolute decoupling does not and cannot prgwidef of the impossibility (or
possibility) of any future structural shift to cletechnology.

Historically, periods of technological change haeen characterized by substantial
reductions in cost and improvements in performahcsugh learning; dynamic
competition between technologies and the co-evaiuwi long-lived infrastructures
and technological clusters due to ‘network effe@@&’'lbler, Nakéenovi and Victor,
1999). In computing, this process of technologatelnge was so rapid that the
number of components that could fit on an integratecuit, economically, had
doubled every year from the invention of the in&tgd circuit in 1958 until 1965
(Moore, 1965). Moore predicted that the trend warddtinue for at least another
decade. In fact, the trend has continued for oaérahcentury now with the number
of transistors that can be placed inexpensivelgromtegrated circuit doubling every
eighteen months. The question of interest is whidtlteecoming decades might see
something similar to Moore’s law begin to applythe energy industry and, if it does,
whether we can expect growth to lead a structunitl, sesulting in absolute
decoupling.

To take one example of several energy technolagiese innovation is accelerating,
Moore’s law might conceivably apply to the solaofwvoltaics (PV) industry in
future. The power that can be generated by P\édch dollar of cost has been
doubling every seven years. This is nowhere neaa@id as the eighteen-month
doubling time for computing power. The differencayne partly due to lower levels



of R&D expenditure on solar PV, the fact that eyasgan undifferentiated good, and
the stronger competitive pressure on computingdjnvhich must innovate or cease
to exist (in contrast to many regulated energytias).

The solar PV industry has, however, had some restentges that might signal an
acceleration in these developments. Costs halenfa0% over the past 18 months
(2009-2011) with the emergence of large-scale prtiolu facilities in China. The
recently increased scale of the industry mightaligime start of existential
competitive pressure on firms. Also, in recentrgethere has been aggressive
development of non-silicon-based PV materials (\&adial., 2009), driven by
fluctuating silicon prices. The likelihood of a M@ds law in scale and cost will
depend on various factors, including the judicisekection of photosynthetic
materials that are in great abundance, and whigletsgap. To take one example, for
a given set of assumptions about material densitypgrformance efficiency, it may
be that iron sulphide (FeBwould produce 10,000 times more electricity tsaicon-
based PV (Wadia et al., 2009). Nanotechnologyr $tlacells have the potential to
utilize far less material, bringing about decregsiosts and faster production, and
therefore a more rapid decline in costs.

Ultimately, absolute decoupling of GHG emissiorsrireconomic output, while
apparently very challenging from the vantage pofr2012, may appear by 2050 to
have been a relatively easy challenge. A structhid that leads to renewable energy
becoming significantly cheaper than fossil fuelandarigger such decoupling.
Previous structural shifts are evident throughastolny. For example, by the
seventeenth century, the predominant energy saut€rgland and Belgium was
coal. As has been observed, this was due notliordagie of wood, but to the cost of
coal for heating becoming cheaper than that of weadiquet, 2008). A structural
shift in renewable technology costs is far frommuiaginable if governments
accelerate investment in R&D and deployment of gachnologies. It is too early to
rule out absolute decoupling.

3.4 Rebound effects and the impact on economic output

A structural shift towards low-cost renewable eyesguld have various effects on
the economy. First, it would reduce GHG emissiamd, if big enough, help to solve
the challenge of climate change. Second, lowerggnarices would increase energy
consumption, increasing economic output (Ayres\Afadr, 2005) potentially
increasing emissions in other sectors as they ekpdre prospect of displacement by
renewable energy providers could lead owners dilfigel stocks to accelerate their
use, pushing down energy prices and encouragings@ns in the near term (Sinn,
2008). These are forms of the ‘rebound effetivhich actions taken to increase
efficiency reduce the unit cost of use and henae te increased demafd.

More generally, Baptist and Hepburn (2012) progdilence that begins to suggest
that treading lightly on the planet need not redem@nomic growth in value terms.
They analyse a panel-data set of 473 manufactgantprs in the United States over

27 See Sorrell (2007) and Sorrell and Dimitopoulos (2007) for a review of rebound effects. These
effects can be direct (due to income and substitution effects) and indirect (resulting from
embodied energy and secondary effects) (Fouquet, and Pearson, 2011).



48 years, and find that sectors with lower matentnsity had higher total factor
productivity, as did those with higher labour irdgy. In other words, using less
‘stuff’ and more ‘human intelligence’ increased mieproductivity and economic
output. Rebound effects may concern environmest$albut increases in output
imply increases in welfare and should be welconmedvironmental consequences
are properly priced.

4 Conclusions and policy implications

Intense debate about the environmental limits ¢ovgn has been taking place over
the past few decades. Three competing schodl®afht are identified here: that
growth is limitless, that environmental conditiom#l place a ‘drag’ on growth, and
that economic growth cannot continue indefinitelye propose an approach which
incorporates the essence of the three competirgpichf thought. Our conceptual
model shows an eventual stationary state imtaterialeconomy (which may still be
decades or many centuries into the future), withowmded growth in thitellectual
economy, notwithstanding a genuine drag on growthelfare from environmental
constraints.

We engage directly with those who advance a ‘zevwth’ world as being necessary
to live within environmental limits, and see econogrowth as a problem. We
demur. We have argued that stopping economic grémhich is measured in terms
of value) is neither necessary nor desirable. dddas far as meeting environmental
challenges is concerned, it would be counterpradeictecessions have slowed and in
some cases derailed efforts to adopt cleaner nmfd@®duction. Rather, large leaps
in clean technology, triggering a structural simifthe way we produce and consume
energy, are required. This is a ‘green growttheathan a ‘no growth’ world. The
continuation of growth in value to humans is cotesiswith us living within the
material constraints imposed by a finite (if veaiyge) planet, provided that we
continue to expand the intellectual economy throaglovation, technology
development, an increased focus on services ane fumodamentally, the art of
living.

The policy implications from this chapter are umsiging. The large scale of the
subsidies spent annually on increasing the sizkeoiaterial economy should be
reduced. As Baptist and Hepburn (2012) note, approximately US $1 trillion is
spent on directly subsidizing the consumption sbreces, which includes
approximately $400 billion on energy, around $200-8illion of equivalent support
on agriculture, and approximately US $200-300dmillon water. Perhaps another US
$1 trillion, very approximately, takes the formsafbsidy for the use of the
atmosphere as a sink for greenhouse gas emis€iimer. subsidies — in the form of
incorrect environmental prices — create annual dgnmathe trillions every year.

In contrast, the scale of the intellectual econ@myuld be increased. Public
authorities need to tackle the well-known markédtfas that tend to lead to
insufficient pure research and R&D spending byptheate sector, and also consider
whether they can help firms reap increasing rettorssale, for example, by
supporting new networks in their early developm&iifting the tax base towards
materials and resources, and away from labour #ret mtellectual activity, might
also contribute to building the intellectual ecoryonit might also increase economic



output, given that labour is the factor input tbatrelates most closely with higher
total factor productivity (Baptist and Hepburn, 2.1 And it would increase the odds
that the rate of reduction in cost of clean techg@s would increase, so that
solutions are found for our environmental challenge
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