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Abstract

The current model of economic growth generated unprecedented increasesin human wealth
and prosperity during the 19th and 20th centuries. The main mechanisms have been the
rapid pace of technological and social innovation, human capital accumulation, and the
conversion of resources and natural capital into more valuable forms of produced capital.
However, there is evidence emerging that this model may be approaching environmental
limitsand planetary boundaries, and that the conversion of natural capital needsto ow
down rapidly and then be reversed. Some commentators have asserted that in order for this
to occur, we will need to stop growing altogether and, instead, seek prosperity without
growth. Others argue that environmental concerns are low-priority luxuries to be
contemplated once global growth has properly returned to levels observed prior to the 2008
financial crisis. A third group arguesthat thereisno trade-off, and, instead, promotesgreen
growth: the (politically appealing) idea isthat we can simultaneoudy grow and address our
environmental problems. This paper provides a critical perspective on this debate and
suggeststhat a substantial research agenda isrequired to cometo gripswith these challenges.
Oneplaceto start iswith thereevant metrics: measuresof per-capita wealth, and, eventually,
quantitative measures of prosperity, alongsidea dashboard of other sustainabilityindicators.
A public and political focus on wealth (a stock), and itsannual changes, could realistically
complement the current focus on market-based gross output as measured by GDP (a flow).
This could have important policy implications, but deeper changes to governance and
business models will be required.
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Prosperity within Planetary Boundaries

I. Introduction

The current mode of economic growth generated unprecedented increasesin human wealth
and prosperity during the 19th and 20th centuries (Deaton, 2013). The main drivers of
growth have been the rapid pace of technological and social innovation, human capital
accumulation, and the conversion of resources and natural capital into morevaluableforms
of produced capital (McLaughlin et al., 2014). Ecological economists have also argued that
the availability of exergy (energy that can do work) has been akey factor (Ayres and Warr,
2009).

I rrespective of the preci se mechanisms and their relative importance, thereisno doubt
that the model of industrial devel opment pursued initially by Europe, then the rest of the
developed world, and, mast spectacularly, in recent times by Asiaand China, has been
phenomenally successful in increasing prosperity. Development and increased wealth in
Chinaa one has had a remarkable impact on reducing global poverty. While much remains
to be doneto raise living standards around the world, the progress of recent decadesisto
be appl auded.

However, all is not wdl with the economic systems predominating around the world.
This has become increasingly clear, with the large numbers of peoplein various locations
acrosstheglobe expressing their dissati sfaction in different ways, reflected by the emergence
of green poalitical partiesin various countries, the Arab Spring, the Occupy movement, and
the recent phenomenon of Capital in the Twenty First Century (Piketty, 2014).

Problems are emerging in three important and related ways. The predominant global
economic growth modd: (i) is environmentally unsustainable; (ii) producesincreasingly
unequal outcomes; and (iii) is not resilient to shocks, as demonstrated by the 2008 financial
crisis.
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There are multiple causes of these three problems. One important factor is that
economic policy-making continues to play these issues down relative to other
challenges. Thisisillustrated by the fact that therate of change of short-run, aggregate,
market-based output, generally measured by GDP, continues to dominate economic
and political discourse. Thisis for understandable reasons: declinesin production
lead to idle enterprises and unemployed people today, and this has great political
significance (Coyle, 2014). However, GDP growth does not focus attention on these
three core aspects of sustainable prosperity: it does not capture environmental
externalities (becauseit is market-based), nor distributional considerations (because it
is an aggregate measure), nor does it provide any signal of systemic risk (becauseit is
the quarterly rate of change of a spot flow-based measure). To tackle the three major
challenges of our current economic system, different measures are required, capturing
different objectives.

One measure that deserves greater attention from economic policy-makersisthe stock
and digtribution of wealth in the economy (Hamilton and Hepburn, 2014). Wedlth isdefined
asthe stock of assetsthat can generate future income and well-being. It is, by definition,
forward-looking. It is aso more closaly related to prosperity than GDP. Asiswell known,
for instance, GDP can beincreased by pollution and its (partia) clean up, even though this
may harm vulnerable people. It is also possible to boost current GDP by running down
current wealth: rapidly exhausting renewabl e resources such as fish stocks provide a good
example. Yet thereisnothing sacrosanct about GDP. Thefocuson GDPisactually ardatively
recent phenomenon, following the success of Keynesian economics in emphasizing the
importance of short-run demand management (Hicks, 1942). One century ago, Satisticians
such as Giffen (1889) were as much concerned with stocks of capital aswith flows of output
and income.

For thetime being, however, GDP growth retainsits dominant placein thediscourse,
and most of the discussion about the transition to a more sustainably prosperous world
is discussed in terms of its impact on growth. Do we need to put a halt to economic
growth to sustain prosperity? Some commentators have asserted that this is necessary
to address three categories of problems relating to the natural environment, inequality
and resilience (Jackson, 2009; Dietz and O’Neill, 2013). Others argue the opposite:
environmental concerns arelow-priority luxuriesto be contemplated once global growth
hasreturned to level s observed prior tothe 2008 financial crisis. A third group, including
many governmentsand international institutions, arguethat thereisno trade-off. Instead,
they promote green growth: the (politically appealing) idea that the economy can grow
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whileenvironmental problemsareaddressed (OECD, 2011; IMF, 2012; World Bank, 2012;
ADBI/ADB, 2013; GGGI, 2014). However, proponents of thisview would admit that the
nature and structure of economic growth need to change, and there has been some
attempt to define how this might occur (Hepburn and Bowen, 2013; Baptist and Hepburn,
2014).

If GDP growth isnot the primary objective, these debates arenot of central importance.
As noted above, wealth isarguably a more useful metric. Ultimately, some measure of
shared prosperity, and an economy’s ability to sustain it, is what matters. But how
should prosperity be defined? Could an aggregate measure of national prosperity be
developed that was genuinely useful for policy-makers? Definitional and measurement
problems abound. For example, if prosperity is defined as “access to solutions to human
problems” (Hanauer and Beinhocker, 2014, p. 42), how should “solutions” be defined
and measured? In addition, the devel opment of some solutions (e.g. vaccines against
infectious diseases) may generate more prosperity than others (e.g. biochemical weapons).
In constructing a measure of national wealth or prosperity, what is the right balance
between conceptual accuracy on the one hand, and feasibility and ease of data collection
and aggregation on the other?

These are enormous questions for China and the world economy: indeed, they are
some of the most important within the social sciences. Even still, these issues merely
scratch the surface of the intellectual terrain that needs to be explored in the coming
decade. The present paper does not provide answers to these questions, but, rather, the
objective of this paper isto sketch out an agenda for scholarship and to provide pointers
for future research. With this objectivein mind, the paper is structured as follows. Section
Il consdersthe challenge of environmental sustainability: of achieving amodel of prosperity
within planetary boundaries. Section 111 briefly reviews the challenges created by growing
inequality at the national level. Section 1V briefly considers theresilience of our economic
systems, viewed as complex reflexive systems. Section V concludes with a sketch of the
sort of thinking, analysis, data and modeling required to advance scholarship on these
guestions.

IIl. Prosperity within Planetary Boundaries?

Are we running out of energy or materials to power our economies? In a now famous
bet in 1980, biologist Paul Ehrlich bet economist Julian Simon that the price of five
commodities (copper, chromium, nickd, tin and tungsten) would risein real terms by
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1990. They both “bought” US$200 of each of the five commodities (total US$1000) at
prevailing prices on 29 September 1980. Simon would pay Ehrlich if pricesincreased,
and vice versa. Thereal prices of the basket of commaodities actually fell from US$1000
to US$424, despite growth in the global population of 800 million, so Ehrlich lost the
bet, and paid Simon US$576.

Whilethebet in itself did not prove much, it does seem unlikely that material and
energy constraints will be the ultimate challenge for humanity. Total global energy
consumption was approximately 500 exajoules (EJ) in 2010. There are 40 000 EJin
known fossil fuels reserves: approximately 80 years at current rates of consumption.
Moreimportantly, the solar energy striking Earth amounts to approximately 5 500 000
EJ each year. In other words, if all of the solar energy could be captured and converted
to useable form, 1 hour of solar energy could power the entire global economy for a
year. Capturing all that energy will never be feasible; however, the sheer scale of the
resource suggests that as the cost of solar cells continues to decline, partly through
support from government for R& D and deployment, our energy challengesarelikely to
be surmountable. This is not to mention energy from other sources, from other
renewabl es, such as wind and hydro, to nuclear fission or fusion. It istrue, however,
that solutions will require technological progress: if every human on Earth had the
ecological footprint of the typical North American or Western European, by some
calcul ations the amount of biologically productiveland and sea area required at current
technologies would exceed that available by three to fivefold; it is claimed that we
would need three to five “Earths” to sustain us (Rees, 1992; van den Bergh and
Verbruggen, 1999; Fiala, 2008).

Thereis, however, amuch more serious and urgent set of planetary boundaries. In
contrast to fossil fuels and material commodities, many renewable resources, such as
biodiverse ecosystems or a stable climate, do not have a price. Without prices, thereis
less incentive to conserve these renewabl e resources and for technologies to emerge
that provides aternatives and substitutes for meeting the underlying human needs.

Many renewabl e resources are threatened. In what is now often referred to as the
Anthropocene (an era named because human activity is currently a dominant force on
Earth), scientists areworking on identifying a set of so-called “planetary boundaries” (i.e.
safe distances from dangerous thresholds) that we should avoid crossing (Rockstrom et
al., 2009). For instance, humans now extract over three timesthe “safe” level of nitrogen
from the atmosphere, largely for agricultural use. This ends up polluting waterways and
coastlines, accumulating on land, or being emitted back to the atmosphere as nitrous oxide,
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Figure 1. Atmospheric Capacity versus Fossil Fuel Reserves
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Source: Produced by Alexander Otto based on data and cal culations from Aurora Energy Research (2014).

a powerful greenhouse gasthat causes global warming. Climate change represents another
planetary boundary. As Figure 1 shows, only asmall fraction of the carbon dioxidein total
fossil fuels reserves can be released into the atmosphere if we are to have a reasonable
probability of keeping temperature increases on Earth below 2°C without taking other
drastic measures.

Biodiversity lossis athird boundary that we are at risk of crossing (Rockstrom et
al., 2009; Helm and Hepburn, 2014). Thefossil record shows an extinction rate of 0.1 to
1 per million species every year. The current rate of extinctionsis estimated to be 100 to
1000 times higher, largely asaresult of human activity. Thisalso matters economically.
For instance, if bees were to be wiped out, enormous sums of money would need to be
spent on manual pollination within agriculture for our food systems to continue to
function.

Will these planetary boundaries, rather than material or energy constraints, limit
economic growth? The answer will depend upon how quickly and effectively we can
transform current consumption and production trends, substitute for natural resource
use and protect ecosystem functions. Innovation in technology and social systemsis
required, and polluters must pay for the consequences of their actions, among other
things. If appropriate institutions can be established to protect critical commons and
open-pool resources, whether economic growth (measured in the value of the goods
and services provided) is limited will depend largely upon whether technological and
social innovation can keep up with increasing per capita demands and increasing
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populations.

The social scientific analysis required to support this research agenda should start
from the perspective that the Earth’s environment and ecosystems, including the climate
system, are complex (Rind, 1999). Our experience with weather forecasts attests that it is
very difficult to predict what will emerge from thetrillions of interactions among mol ecul es
in the atmosphere, oceans, and on land. The climate can be understood roughly as 30-year
average weather. Moddling climate interactions therefore requireslong timelines and vast
computing power (Palmer, 2011).1 At best, such models can produce imperfect probability
estimates of potential outcomes.?

As human impacts on natural ecosystems increase, such ecosystems move further
from historical conditions. As this continues, the data series and information sets that
underpin our ability to understand and predict such sysems become lessreliable. Asthe
relevant domain incorporates more “unknown unknowns,” so too does the risk of tripping
some kind of threshold that could send the system into catastrophe.

l1l. Inequality and Sustainable Prosperity

Thedistribution of wealth and prosperity within and between countries has changed
rapidly in recent years, leading to, for instance, the “Occupy” movement and the
slogan “We are the 99%” (Alvaredo et al., 2013; Mankiw, 2013), and the current
enormous popular interest in the economics of wealth inequality (Piketty, 2014).
Wealth inequality in the USA increased sharply between 2007 and 2010 (Wolff, 2012).
Extraordinarily, median wealth fell by 47 percent over that period as asset prices
plummeted.®

Inequality can be seen asathreat to sustainable prosperity for several reasons. First,
for any standard social welfare function, for any societal level of prosperity, how widely

1Climate forecasting is both easier and harder than weather forecasting. On the one hand, it is much easier
to predict the long-run average of a variable than an individual draw: the long-run average of the weather
in agiven location is easier to predict than the specific weather on a particular date in the future. On the
other hand, much greater computing power is required over much longer time scales to predict the
climate; over 30 years, the climate system will be subjected to many more shocks and larger external
“forcings” than is possible over, say, 5 days.

2Frame and Stone (2012) make the claim that the 1990 |PPC forecasts of warming have turned out to be
“roughly right” once various surprise events are factored into account.

3See Section |1V below on the relevance of stability to sustainable prosperity.
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individual levelsof prosperity are shared isimportant. Second, a social systemisunlikely
to be stablein thelong run if wealth is concentrated in the hands of asmall elite. Third,
Ostry et al. (2014) conclude that lower net inequality is correlated with more rapid and
durable growth. This follows other evidence that inequality may slow conventional
economic growth.* Fourth, it may be that the consumption habits of the very rich are less
sustainable than those with average wealth; if so, inequality increases environmental
pressures.

There are several relevant stylized facts about wealth inequality. First, the very
rich have becomericher (Piketty and Saez, 2003; Atkinson and Piketty, 2010; Piketty,
2014).5 Second, global inequality hasfallen over the past 10 years asAsia, and Chinain
particular, has developed rapidly. Third, within many specific countries, the distribution
of wealth has become more unequal. Fourth, enormous disparities of wealth between
countries persist. For instance, Norwegians were around 10 times richer, on average,
than Romaniansin 2005, who were similarly 10 timesricher than the average person in
the poorest countries of sub-Saharan Africa (Hamilton and Hepburn, 2014). Finally,
wealth is much more unegually distributed than income, which suggests that policies
for redistribution of wealth within countries might need to focus on capital incomes
(and inheritance taxes) as well as taxes on employment income.® Other policies that
appear important for reducing inequality and sustai ning prosperity include support for
human capital development through health and education systems that lead to higher
real wages and increased living standards, along with effortsto prevent special interests
from blocking the diffusion of prosperity.”

IV. System Stability and Resilience?®

Macroeconomic textbooks still devote relatively few pages to understanding the
extraordinary growth trends of the past 200 years (unprecedented in tens of thousands of

4See Persson and Tabellini (1994), Berg et al. (2012) and Piketty (2014).

5See Piketty and Saez (2003) and Alvaredo et al. (2013).

%Davies et al. (2011) find that the global wealth distribution is highly skewed, with a Gini coefficient of
0.802, while the comparable Gini for income is only 0.641 (Milanovic, 2006).

’See Acemoglu (2002), Goldin and Katz (2009), Lemieux (2006) and Helpman et al. (2010).

8This section builds upon work in progress by Farmer and Hepburn on the analogies between climate
system modeling and financial system modeling for an interdisciplinary workshop at the Bank of England.
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years of human civilization) and many more pages to explaining and managing the
fluctuations around thetrendline. Whilethisis odd, fluctuations do, indeed, matter, asthe
enormous|ossin social welfarefollowingthefinancial crissdemongrates. Just as prosperity
cannot be understood solely by averages over people (see Section I11) nor can it be
understood simply from averages over time. Sustained prosperity implies economic and
financial systemsthat have reasonable resilienceto shocks.

Thereismuch work to be done. The 2008 financial crisisrevealed seriouslimitationsin
our understanding of thefinancial system, along with limitations in the economic models
used by central banks, finance ministriesand multilateral ingtitutions. Former ECB President
Jean-Claude Trichet noted, “As a policy-maker during the crisis, | found the available
modd sof limited help. In fact, | would go further: in theface of thecris's, wefdt abandoned
by conventional tools.”

One of the core challengesto face up to is that financial and economic systems are
complex systems (Arthur, 1999; Beinhocker, 2006). Many environmental and ecol ogical
systems, including the climate system, are also complex systems (Rind, 1999). Whilethe
financial system isman-made, and, as such, the scopefor large-scal eintervention is perhaps
greater than in physical systems at the planetary level, it has the additional subtlety of
being a “complex reflexive system” (Beinhocker, 2013; Soros, 2013). Understanding the
actions of individual agents requires understanding how such agents are themselves
attempting to understand the behavior of other agents and the system asawhole® Modd's
that do not start from this premise tend to fail to account fully for heterogeneity, out-of-
equilibrium dynamics and contagion effectsin financial networks.

Theaggregate propertiesof complex systems, such asan economy, emergefrom trillions
of interactions between individual entities (e.g. particles or human agents). Thefollowing
features are often present:

%“Reflections on the nature of monetary policy non-standard measures and finance theory,” a speech by
Jean-Claude Trichet, President of the ECB, opening address at the ECB Central Banking Conference
Frankfurt, 18 November 2010, accessed 27 March 2014 and available from: http://www.ech.europa.eu/
press/key/date/2010/html/sp101118.en.html.

1Bronk (2013), for instance, argues that the reflexivity of markets coupled with social networks and
contagion of ideas and emotions may lead to “shared narratives and analytical homogeneity in markets,”
where market participants go along with the crowd to save themselves the hassle of thinking for
themselves. With insufficient cognitive diversity and/or heterogeneity of beliefs, Bronk (2013) argues
that actors will not identify and address anomalies and novelties, increasing the potential for market
instability.
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Significant feedbacks

Thresholds, tipping points and nonlinearities, sometimeswith irreversibilities

Fat-tailed distributions, where thereis ahigher probability of events far from the
mean

Non-equilibrium system dynamics, often chactic, that do not necessarily settle
down

Emergent propertiesthat are highly sendtiveto initial conditions.

Likethedimate system, human financia systems have been experiencing the gradual
build-up of pressures of various kinds (e.g. emissionsin the atmosphere, greater financial
market interconnectedness and household debt), shifting the sysemsinto more unchartered
ermbry Caccoliet al., 2011). In both cases, it is not unreasonableto suspect that these
gradual shiftsare creating greater fragility, rather than greater resilience.

The idea that there are similarities between the two systems is hardly novel
(Farmer, 2002; Crutchfield, 2009; Hepburn, 2009). However, dwelling on thesimilarities
briefly yields some possible advice for central bankers that could contribute to
delivering more stable prosperity. One of the broad conclusionsisthat we are likely
to be excessively confident about our predictions (Farmer and Hepburn, 2014). In a
widely-cited paper, Svenson (1981) finds that over 90 percent of American and
69 percent of Swedish drivers rate themsel ves as better than the median driver in
their country. A propensity for overconfidence iswidely present in human judgments
(Lichtenstein and Fischhoff, 1977; Harvey, 1997; Pallier et al ., 2002), even in some of
the most careful scientific studies. Thisis particularly relevant to complex systems
which are often by nature unpredictable. Nevertheless, we briefly outline five
suggestions.

Firgt, large datasets over long time series are very helpful in understanding complex
systems, as such systems may explore spaces in the region of several attractors over time.
In the climate system, pal eoclimatology data from ice cores, treerings, corals, oceans and
| ake sediments have been vitd in understanding the sorts of statesthat are semi-stable and
thetypes of transitionsthat are possble ™ Dataat many scalesarerequired: itisimpossible
to properly understand a complex system with only aggregate data. Aggregate data and
many time series at specific spatial locations are available for the climate system. While
superior totheavailahility of financial sysem data, even thisisnot enough: climate scientists
use “data models” to obtain a smooth and complete dataset for the globe that can be used

1See useful data available at: http://www.ncdc.noaa.gov/data-access/pal eoclimatol ogy-data.
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for subsequent modeling.

Second, less precision in reporting model results is likely to mean more truth.?
Overconfidence ispervasive, and one should not expect estimates pertaining to the climate
and financial systems to be immune, not least given that the relevant outputs are not
fundamental physical constants, and, hence, could bewildly wrong. It isextremely difficult
to predict some of the emergent properties of such systems, and yet economists and
scientists make such predictionswith error barsthat continue to look remarkably narrow.

Third, awide range of potential scenarios should be explored by government. Within
the climate science community, a set of plausble scenariosis devel oped for usein dimate
modeling and research, and these are updated periodically, most recently in 2008.%* We
must do our best to think through the failure nodes, whether it isthe forests of the Amazon
or the Lehman brothers.

Fourth, resilience should be considered to bean important conoept, alongs de efficiency.*
There may well be efficiency lossin amoreresilient system, becauseresilient sysems may
have greater apparent redundancy. There is great social value in digging up and burning
many fosd| fuels: outlaw thistoo quickly, and not only will industry complain, but it will be
more costly for society at large. Similarly, thereis social value in allowing banks to have
leveraged bal ance sheets. Increase buffers too much, and nat only will the banks complain,
but it will bemorecostly for society at large. However, to date, efficiency hascomprehensively
trumped resiliencein both systems, and this needsto change.

Fifth, a precautionary approach that achieves an appropriate balance between resilience
and efficiency isrequired in a complex system with unknown thresholds, nonlinearities and
tipping points. Analysis can identify areas where there is reason to believe there may be a
system boundary, or dliff edge, and create palicy to ensure that the system does not drive off
one of those diff edges. An inevitable challengeis that we will not know precisdy (or even
vaguely) wherethe diff edge gands and thelocation of the dliff edge may move over time. The

2Accuracy is defined as the proximity of a measurement to its true value. Precision is defined as the
degree to which repeated measurements show the same results, and is commonly expressed in statistics as
the reciprocal of the variance.

B3For instance, the most recent scenarios include four “representative concentration pathways” (RCPs),
which describe plausible but very different greenhouse concentration trajectories, and, hence, four different
climate futures. The four RCPs are named according to the radiative forcing in the year 2100, and, hence
are called RCP2.6, RCP4.5, RCP6 and RCP8.5 (IPCC, 2008).

There is more than one definition of resilience, but it is broadly the capacity of an ecosystem or other
system to respond to a shock with relatively minimal damage and with a rapid recovery. When Greenland

was 3 to 5C warmer than today, a large proportion of the ice sheet had melted (Velicogna, 2009).
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paintistoalow an adequate buffer zonesuch that therisk of driving over thediff isminimd. In
regardsto cdimatechange, it now appearslikdy that the cumulative emission of 1 trillion tonsof
carbon might serve as one such system boundary (Rockstrom et al., 2009; IPCC, 2014).

Onemight complainthat it isalmost impossi bleto set appropriate precautionary buffers
if we do not know wherethethresholdslie. However, in the climate sysem we now know
enough to be certain that there arealot of dangerous eventsthat might occur. Thefeedbacks
noted above, for instance, such as the thawing of the permafrost releasing methane or the
collapse of the ice sheets, appear “too big tofail”: thelatter could lead to meters of sealevel
rise, and, once gone, would not return before a substantial cooling of Earth towardsice age
temperatures.® The underlying problem in both systems is nonlinear positive feedback
loops, which can enormously amplify modest effects. New methods are needed to model
theintegrated economy-energy—biosphere-environment system taking into account such
nonlinearities, feedback loops, and heterogeneousagent behavior and evolution (Beinhocker
etal., 2013).

Finally, given that such sysemsare congtantly evolving, policy must a so continually
evolve and adapt. Knowing this, the policy interventions can be designed to ensure the
flexibility and optionality of responding in different waysin future are preserved. Although
we recogni zethat sometimesit can be extremdy important to signal forward commitment to
markets in order to shape expectationsin asocially useful manner, it isalso useful to avoid
needlessly locking policy into a regime that may subsequently turn out to beill-suited to
the system as it evolves and responds, including to policy announcements.

V. Conclusion

Scholarship on areas of green growth and sustainable prosperity should start from a clear
understanding of the objective, and the implications of how that objective is measured.
What is to be sustained? Mere output is far too narrow an objective, and market-based
output even more narrow. If wealth isthe objective (and this paper arguesthat it should be
a serious candidate),® then the frontier of research is now at the point of trandating the
wel|-devel oped theoretical economicliteratureinto moredetailed measuresthat appropriately
capture the key concepts, improve the capture of relevant data, and create institutional

5When Greenland was 3 to 5C warmer than today, a large proportion of the ice sheet had melted
(Velicogna, 2009).
16See World Bank (2006), Hamilton (2014) and Barbier (2014).
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momentum to complement GDPwith new wealth (and potentially a so prosperity) measures.”
With greater capacity for collection and analysis of extremely large datasets, statistical and
econometric methods are now likely to be able to provide greater conceptual accuracy.

However, one single aggregateindicator will never be ableto serve the required need:
a dashboard of relevant indicators, including thresholds related to the food—energy—
environment nexus®® and natural capital,’® needsto be developed into aform that could be
more widely adopted.? With the objectives properly defined, the question of whether
conventional economic growth can continue becomes subsidiary to the question of how
the structure and nature of such growth can support continued and increasing prosperity
in Chinaand around theworld.

In terms of understanding the underlying physical and social systems, the present paper
has argued that complexity science and economics have a much greater role to play. For
ingtance, agent-based modeling could be deployed to better understand conditions under
which common-property resources could be managed effectively (Axtell and Epstein, 1996).

From an immediate and practical perspective, there are several policiesthat areworth
exploring. Thefirst isto reduce the subsidies spent annually on material s and resource use.
Such subsidies provide incentives for firms to increase the use of natural resources, which
may be associated with lower total factor productivity (Baptist and Hepburn, 2013). By one
egtimate, US$1 trillion may be spent every year on directly subsidizing the consumption of
resources (Dobbs et al., 2011).

Second, pricing natural assetsis critical. While the direct subsidies for resource use
are vast, they are tiny compared with indirect subsdies created by the failure to properly
price natural capital. Theindirect subsidy associated with lack of payments for biodiversity
loss and other environmental costs has been estimated at perhaps as much as US$6.6
trillion (UNEPFI, 2011).

Third, countriesshould cons der shifting their tax baseaway from labor, which corre ates
with higher tatal factor productivity (Baptist and Hepburn, 2013), and towardsrents, materials
and resources. Taxing environmental externalities and mineral rents are obviously
economicallyrational .

These are merefirst steps. Transitioning from the current unsustainable economic

17See Hamilton and Clemens (1999) and Weitzman (1976).

18See Mace (2014), Willis et al. (2014) and Allen and Frame (2007).
1Helm and Hepburn (2014).

“Mace (2013).
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model to a sustainably prosperous model appears, at this point, to be a mammoth
undertaking. Empirically-grounded research that integratesthe social and physical sciences
will be needed to measure up to the challenge and to deliver the necessary changes in
ingtitutions, policies and business strategies to effect the transition.

References

Acemoglu, D., 2002, “Technical change, inequality, and the labor market,” Journal of Economic
Literature, Vol. 40, No. 1, pp. 7-72.

ADB/ADBI (Asian Development Bank and Asian Development Bank Institute), 2013, “Low-carbon
green growth in Asia: Policies and practices,” [online; cited April 2013]. Available from: http:/
/www.adbi.org/files/2013.06.28.book.low.carbon.green.growth.asia.pdf.

Allen, M. R. and D. J. Frame, 2007, “Call off the quest,” Science, Vol. 318, No. 5850, pp. 582-83.

Alvaredo, F, A. B. Atkinson, T. Piketty and E. Saez, 2013, “The top 1 percent in international and
historical perspective,” Journal of Economic Perspectives, Vol. 27, No. 3, pp. 3-20.

Arthur, W. Brian, 1999, “Complexity and the economy,” Science, Vol. 284, No. 5411, pp. 107-09.

Atkinson, A. B. and T. Piketty, 2010, Top Incomes: A Global Perspective, Oxford: Oxford University
Press.

Aurora Energy Research, 2014, “Carbon content of globa reserves and resources,” [onling; cited
August 2014]. Available from: http: //auroraer. com/academic-resources.

Axtell, R. L. and J. M. Epstein, 1996, Growing Artificial Societies: Social Science from the Bottom
Up, Cambridge MA: MIT Press.

Ayres, R. U. and B. Warr, 2009, “The economic growth engine: How energy and work drive material
prosperity,” Cheltenham: Edward Elgar Publishing.

Baptist, S. and C. Hepburn, 2013, “Intermediate inputs and economic productivity,” Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences,
Vol. 371, No. 1986, p. 20110565.

Barbier, E. B., 2014, “Natural capital,” in D. Helm and C. Hepburn, eds, Nature in the Balance,
Oxford: Oxford University Press, pp. 153-76.

Beinhocker, E. D., 2006, The Origin of Wealth: The Radical Remaking of Economics and What it
Means for Business and Society, Boston, MA: Harvard Business School Press.

Beinhocker, E. D., 2013, “Reflexivity, complexity and the nature of social science,” Journal of
Economic Methodology, Vol. 20, No. 4, pp. 330-42.

Beinhocker, E. D., J. D. Farmer and C. Hepburn, 2013, “Next generation economy, energy and
climate modeling,” Paper Prepared for the Global Commission on Economy and Climate
[online; cited December 2013]. Available from: http://www.inet.ox.ac.uk/library/view/348.

Berg, A., J. D. Ostry and J. Zettelmeyer, 2012, “What makes growth sustained?” Journal of
Development Economics, Vol. 98, No. 2, pp. 149-66.

©2014 I nstitute of World Economics and Politics, Chinese Academy of Socid Sciences


http://www.adbi.org/files/2013.06.28.book.low.carbon.green.growth.asia.pdf
http://www.inet.ox.ac.uk/library/view/348

Cameron Hepburn et al. / 76-92, Vol. 22, No. 5, 2014

Bronk, R., 2013, “Reflexivity unpacked: Performativity, uncertainty and anaytical monocultures” Journal
of Economic Methodology, Vol. 20, No. 4, pp. 343-49.

Caccioli, F, T. A. Catanach and J. D. Farmer, 2011, “Heterogeneity, correlations and financial
contagion,” [online; cited December 2011]. Available from: http://arxiv.org/abs/1109.1213.

Coyle, D., 2014, GDP: A Brief but Affectionate History, Princeton, NJ: Princeton University Press.

Crutchfield, J. P., 2009, “The hidden fragility of complex systems: Consequences of change, changing
conseguences,” in Ascione Gennaro, Cinta Massip and Josep Perello, eds, Cultures of Change:
Social Atoms and Electronic Lives, Barcelona: ACTAR D Publishers, pp. 98-111.

Davies, J. B., S. Sandstréom, A. Shorrocks and E. N. Wolf, 2011, “The level and distribution of global
household wedlth,” Economic Journal, Vol. 121, No. 551, pp. 223-54.

Deaton, A., 2013, The Great Escape: Health, Wealth, and the Origins of Inequality, Princeton, NJ:
Princeton University Press.

Dietz, R. and D. W. O’Neill, 2013, Enough is Enough: Building a Sustainable Economy in a World
of Finite Resources, San Francisco: Berrett-Koehler publishers.

Dabbs, R., J. Oppenheim, F. Thompson, M. Brinkman and M. Zornes, 2011, “Resource revolution:
M eeting the world’s energy, materials, food, and water needs,” McKinsey Global Institute
Report, McKinsey Global Institute, New York.

Farmer, J. D., 2002, “Market force, ecology and evolution,” Journal of Industrial and Corporate
Change, Vol. 11, No. 5, pp. 895-953.

Farmer, J. D. and C. Hepburn, 2014, “Less precision, more truth: Uncertainty in climate economics
and macroprudential policy,” Paper Prepared for Bank of England Interdisciplinary Workshop
on the Role of Uncertainty in Central Bank Policy, Bank of England, London.

Fala, N., 2008, “Measuring sustainability: Why the ecological footprint is bad economics and bad
environmental science,” Ecological Economics, Vol. 67, No. 4, pp. 519-25.

Frame, D. J. and D. A. Stone, 2012, “Assessment of the first consensus prediction on climate change,”
Nature Climate Change, Val. 3, No. 4, pp. 357-59.

Giffen, R., 1889, The Growth of Capital, London: George Bell and Sons.

GGGl (Global Green Growth Ingtitute), 2014, Green Growth Best Practices, Synthesis of Findings,
Seoul: Global Green Growth Institute.

Goldin, C. D. and L. Katz, 2009, The Race between Education and Technology, Harvard: Harvard
University Press.

Hamilton, K., 2014, “Biodiversity and national accounting,” in D. Helm and C. Hepburn, eds, Nature
in the Balance, Oxford: Oxford University Press, pp. 177-99.

Hamilton, K. and M. Clemens, 1999, “Genuine savings rates in developing countries,” WWorld Bank
Economic Review, Vol. 13, No. 2, pp. 333-56.

Hanauer, N. and E. D. Beinhocker, 2014, “Capitalism redefined,” Democracy, Vol. 31, Winter 2014,
pp. 30-44.

Harvey, N., 1997, “Confidence in judgment,” Trendsin Cognitive Science, Vol. 1, No. 2, pp. 78-82.

Helm, D. and C. Hepburn, 2014, Nature in the Balance: The Economics of Biodiversity, Oxford:

©2014 I nstitute of World Economics and Politics, Chinese Academy of Socid Sciences


http://arxiv.org/abs/1109.1213

Prosperity within Planetary Boundaries

Oxford University Press.

Helpman, E., O. Itskhoki and S. Redding, 2010, “Inequality and unemployment in a global economy,”
Econometrica, Vol. 78, No. 4, pp. 1239-83.

Hepburn, C., 2009, “Green light for a Keynesian stimulus” [online; cited March 2014]. Available
from: http://www.cameronhepburn.com/wp-content/uploads/2009/11/Hepburn-2009-CEO-
Today-Green-light-for-a-K eynesian-stimulus1.pdf.

Hepburn, C. and A. Bowen, 2013, “Prosperity with growth: Economic growth, climate change and
environmental limits” in Fouquet R., ed., Handbook of Energy and Climate Change, Chdtenham:
Edward Elgar Publishing, pp. 617-38.

Hicks, J. R., 1942, The Social Framework: An Introduction to Economics, Oxford: Clarendon Press.

IMF (International Monetary Fund), 2012, “Back to Rio—the road to a sustainable economic future,”
[onling; cited June 2014]. Available from: http://www.imf.org/external/np/speeches/2012/
061212.htm.

IPCC (Intergovernmental Panel on Climate Change), 2008, “Towards new scenarios for analysis of
emissions, climate change, impacts, and response strategies,” IPCC Expert Meeting Report,
IPCC, Geneva.

IPCC (Intergovernmental Panel on Climate Change), 2014, “The physical science basis,” Working
Group | Report, Fifth Assessment Report, IPCC, Geneva.

Jackson, T., 2009, Prosperity without Growth: Economics for a Finite Planet, London: Earthscan.

Lemieux, T., 2006, “Increasing residual wage inequality: Composition effects, noisy data, or rising
demand for skill?” American Economic Review, Vol. 96, No. 3, pp. 461-98.

Lichtenstein, S. and B. Fischhoff , 1977, “Do those who know more also know more about how much
they know?” Organizational Behavior and Human Performance, Vol. 20, No. 2, pp. 159-83.

Mace, G. M., 2013, “Global change: Ecology must evolve,” Nature, Vol. 503, No. 7475, pp. 191-2.

Mace, G. M., 2014, “Biodiversity: Its meaning, roles and status,” in D. Helm and C. Hepburn, eds,
Nature in the Balance, Oxford: Oxford University Press, pp. 35-56.

Mankiw, N. G., 2013, “Defending the one percent,” Journal of Economic Perspectives, Vol. 27,
No. 3, pp. 21-34.

McLaughlin, E., N. Hanley, D. Greadey, J. Kunnas, L. Oxley and P. Warde, 2014, “Historica wealth
accountsfor Britain: Progress and puzzles in measuring the sustainability of economic growth,”
Oxford Review of Economic Policy, Vol. 30, No. 1, pp. 44-69.

Milanovic, B., 2006, “Global income inequdity,” World Economics Journal, VVal. 7, No. 1, pp. 131-57.

OECD, 2011, Towards Green Growth, Paris: OECD.

Ostry, J. D., A. Berg and C. G. Tsangarides, 2014, “Redistribution, inequality, and growth,” IMF Staff
Discussion Note No. 1402, International Monetary Fund, Washington, DC.

Pdlier, G., R. Wilkinson, V. Danthiir, S. Kleitman, G. Knezevic, L. Stankov and R. D. Roberts, 2002,
“The role of individual differences in the accuracy of confidence judgments,” The Journal of
General Psychology, Vol. 129, No. 3, pp. 257-99.

Palmer, T., 2011, “A CERN for climate change,” Physics World, Vol. 24, No. 3, pp. 14-15.

©2014 I nstitute of World Economics and Politics, Chinese Academy of Socid Sciences

91


http://www.cameronhepburn.com/wp-content/uploads/2009/11/Hepburn-2009-CEO
http://www.imf.org/external/np/speeches/2012/

92

Cameron Hepburn et al. / 76-92, Vol. 22, No. 5, 2014

Persson, T. and G. Tabdllini, 1994, “Isinequdlity harmful for growth?’” American Economic Review,
Vol. 84, No. 3, pp. 600-21.

Piketty, T., 2014, Capital in the Twenty-First Century, Cambridge, MA: Harvard University Press.

Piketty, T. and E. Saez, 2003, “Income inequality in the United States, 1913-1998,” Quarterly
Journal of Economics, Vol. 118, No. 1, pp. 1-41.

Rees, W. E., 1992, “Ecological footprints and appropriated carrying capacity: What urban economics
leaves out,” Environment and Urbanisation, Vol. 4, No. 2, pp. 121-30.

Rind, D. H., 1999, Complexity and Climate, Science, Vol. 284, No. 5411, pp. 105-07.

Rockstrom, J., W. Steffen, K. Noone, A. Persson, F. S. Chapin, E. F. Lambin, T. M. Lenton, M.
Scheffer, C. Folke, H. J. Schellnhuber, B. Nykvist, C. A. de Wit, T. Hughes, S. van der Leeuw,
H. Rodhe, S. Sorlin, P. K. Snyder, R. Costanza, U. Svedin, M. Falkenmark, L. Karlberg, R. W.
Coréll, V. J. Fabry, J. Hansen, B. Walker, D. Liverman, K. Richardson, P. Crutzen and J. A.
Foley, 2009, “A safe operating space for humanity,” Nature, Vol. 476, No. 7263, pp. 472-75.

Soros, G., 2013, “Falibility, reflexivity and the human uncertainty principle,” Journal of Economic
Methodology, Val. 20, No. 4, pp. 309-29.

Svenson, O., 1981, “Arewe less risky and more skillful than our fellow drivers?” Acta Psychologica,
Vol. 47, No. 2, pp. 143-8.

UNEPFI (United Nations Environment Programme Finance Initiative), 2011, “Universal ownership:
Why environmenta externalities matter to institutional investors,” Principlesfor Responsible
Investment Association and United Nations Environment Programme Finance I nitiative [online;
cited April 2014]. Available from: http://www.unepfi.org/fileadmin/documents/
universal_ownership_full.pdf.

van den Bergh, J. C. J. M. and H. Verbruggen, 1999, “Spatial sustainability, trade and indicators: An
evaluation of the “ecologica footprint’,” Ecological Economics, Vol. 29, No. 1, pp. 61-72.

Velicogna, 1., 2009, “Increasing rates of ice mass loss from the Greenland and Antarctic ice sheets
revealed by GRACE,” Geophysical Research Letters, Vol. 36, No. 19.

Weitzman, M. L., 1976, “On the welfare significance of national product in a dynamic economy,”
Quarterly Journal of Economics, Vol. 90, No. 1, pp. 156-62.

Willis, K. J., M. Macias-Fauria, A. Gasparatos and P. Long, 2014, “ldentifying and mapping
biodiversity: What can we damage?’ in D. Helm and C. Hepburn, eds, Naturein the Balance,
Oxford: Oxford University Press, pp. 57-78.

Wolff, E. N., 2012, “The asset price meltdown and the wealth of the middle class,” NBER Working
Paper No. 18559, National Bureau of Economic Research, Cambridge, MA.

World Bank, 2006, Where is the Wealth of Nations? Washington, DC: World Bank.

World Bank, 2012, Inclusive Green Growth: The Pathway to Sustainable Development, Washington,
DC: World Bank.

(Edited by Jing Qiu)

©2014 I nstitute of World Economics and Politics, Chinese Academy of Socid Sciences


http://www.unepfi.org/fileadmin/documents/

