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Executive summary

I n March 2019, HM Treasury, the UK government
commissioned an independent, global review on the economics of biodiversity.

The Review is led by Professor Sir Partha Dasgu@tarank Ramsey Professor

Emeritus of Economics &the University of Cambridged and assisted by an
interdisciplinary team based at HM Treasury. The Review is supported by an Advisory
Panel drawn from public policy, science, economics, finance and business.

The Review was asked by the UK government tasess the economic benefits of
biodiversity, and the economic costs of biodiversity loss; and identify actions which
can protect and enhance both biodiversity and economic prosperity. The primary
audience for the Review is economic and finance decision meis in the public and
private sector. The Review aims to shape the international response to biodiversity
loss, including the successors to the Aichi Biodiversity Targets, and inform global
action to deliver the UN Sustainable Development Goal@dJN SDGs)

The final Review will be published in advance of the fifteenth meeting of the
Conference of the Parties (COP15) to the Convention on Biological Diversity (CBD),
which is due to be held in Kunming, China.

This interim report sets out the econort and scientific concepts, which will
underpin the final Review. The interim report stops short of presenting options for
change & these will be set out in the final Review.

Chapterle x pl ains the Reviewds scope. This include
Review approaches the economics of biodiversity as the economics of Nature;

acknowledging that humanity and our economies arembeddedin the biosphere;

and explaining the Reviewds use of proxies fo
the Revitwworpar drafrudFoauvedatd®iPamns ol wi l l set out

framework for the econ@d@ptsoas bobodchangeby wi

the intellectual foundations of Part | to present options for change.

Chapter 2provides a preview ofthe key economic and scientific concepts which will
underpin the final Review. These include the need to:

1 recognise that biodiversity is an essential characteristic of Nature, playing
an i mportant role in the provision of o0ec
economies and livelihoods rely

9 view Nature as an asset, just as produced and human capital are assets,
and acknowledge that we are failing to manage our assets efficiently

1 understand the loss of Nature as an asset management problem, and that
we must manage our overall stock of all capital assets more efficiently



9 understand how our total demand on the goods and services that Nature
provides outstrips its ability to supply those goods and services on a
sustainable basis, by way of what the Review called Impact Inequality

9 accept that addressing the supphdemand imbalance means confronting
difficult questions, including questions about what and how we consume,
how we manage our waste, and the role family planning and
reproductive health can play

1 acknowledge that the human economy is embedded withind not external
to & Nature, which helps us to recognise the limits Nature places on the
economy and, in so doing, reshape our understanding of sustainable
economic growth; and

9 revisit our measures of succasincluding looking beyond GDP in order to
maximise our wealth and wellbeing, and that of future generations

The final Review will apply the framework that is developed to present options for
change, including shining a light on many of the success sta$ around the world
that demonstrate what is possible.

Chapter 3sets out next steps for the Review over the coming months. To support
the ongoing work of the Review, feedback is invited and encouraged in response to
the detail set out in this interim repart.



Chapter 1
Scope

1.1 Professor Dasgupta was commissioned to examine the evidence on:
1 how biodiversity supportssustainable economic growth

1 the implications of further biodiversity loss for the prospects for
economic growth over the coming decades, taking into account the
interaction with other aspects of environmental degradation, including
climate change; and

T the impact, effectiveness and efficiency of existing national and
international actions and arrangements to limit and reverse the loss of
biodiversity and their impact on economic growth

1.2 Based on this evidence, the Review was asked to provide an assessmént o

1 arange of scenarios for enhancing global biodiversity compared with
business as usual, focusing on the medium to longerm perspective
and the relationship with economic growth; and

9 the range of best practices, initiatives and interventions for industr
communities, individuals and governments that can simultaneously
achieve the goals of enhancing biodiversity and delivering sustainable
economic growth, drawing implications for the timescales for action
and the range of scenarios above, and recognisinipe interactions
with climate change mitigation and adaptation needs and
opportunities.

13 In response to its Terms of Reference, the Review will consider the
sustainability of how we engage with Nature. It will examine how we are embedded
in Nature: what we take from it; how we transform what we take from, and return
to, it; how Nature supports our economies and wellbeing; and why we are
disrupting Nature so dramatically at great cost to our collective wellbeing.

1.4 The Review will set out a unified frameworlor thinking about the

economics of biodiversity in the context of global goals for sustainable development.

I n doing so, the Review will reconstruct our
understanding of economics as a discipline and way of thinking.

1.5  The main concepts of the unified framework are set out in thignterim report
and will be expanded upon in the final Review, which will also set out options for
change to make humanityds engagement with Nat

1.6 The Review is global in scope, &oowledging that biodiversity loss affects
individuals, households, communities, firms, and governments in different ways,



and is influenced by a range of factors, not least location. The Review will attempt
to speak to this wide spectrum of experience, bsed on the most credible, relevant
and legitimate evidence and case studies from around the world.

1.7 The Review also builds on the important literature estimating the value of
stocks of natural capital and flows of ecosystem service3he Reviewecognises the
importance of these innovations for informing decisions but will not itself produce a
valuation of biodiversity or global costbenefit analyses of biodiversity policies.

The economics of biodiversity is the economics of the biosphere

1.8 Biodivesity is the variety of life, in all its forms. It has many dimensions,

including the diversity and abundance of living organisms, the genes they contain,

and the ecosystems in which they liveT he c¢c he mi c al reactions of
animals, and microles sustain life by converting sunlight and nutrients to food,

energy and the building blocks of life, as well as recycling waste. The activities of

these organisms are often hidden from view, but they enable ecosystems to function

and provide many servicesn which we rely. They maintain a genetic library,

preserve and regenerate soil, fix nitrogen, recycle nutrients, control floods, mitigate

droughts, filter pollutants, assimilate waste, pollinate crops, operate the hydrological

cycle and sequester carbon.

1.9 Thebiosphereis the part of Earth that is occupied by living organisms. It is a
selforganising regenerative asset. Ecologists commonly represent the state of the
biosphere as a spatial distribution obiomass expressed in, for example, kilograms

(kg.Bi omass in any |l ocation is the total mass

regenerative rate is calleahet primary productivity (NPP). It is a spatial distribution of
organic compounds that are fixed by organisms (known as primary producers) who

obtain energy directly from the sun to produce their own food, minus their

respiration per unit of time. During respiration, organic compounds are broken

down to fuel the processes that govern a

1.10 A useful way to partition the biosphere is in terms of interconnected
constituents, known asecosystems. Ecosystems combine the abiotic environment
with biological communities (of plants, animals, fungi, microorganisms) that form
selforganising, regenerative functional unitsFunctonal units refer to combinations

of life forms that control fluxes in an environment such as that of energy (e.g.
photosynthesis), nutrients (e.g. nitrogen fixation), and organic matter (e.qg.
decomposition of organic waste). Ecosystems vary enormously deying on a

range of factors, such as the underlying geology, climate, nutrient and chemical
status of the soils, hydrology, prevailing winds, season, and so on. Some ecosystems
are highly diverse, such as the tropical rainforest, while others have low dreéy,

1 This includeswork on the UN System of EnvironmentaEconomic Accouning, The Economics of Ecosystems and Biodiversity
(TEEB) t he wor k of the UKD®& stheNMdlenniumeELosyStanmpAssessiernttfe dNaturel Gapital €rpotool, the

Ear

o

prim

Natural Capital Project, and UNEPGs pMillerniunt Ecosystem Asseasmen§ 2085¢ | usi ve weal t hd

Kumar, 2010; Kareiveet al., 2011; UNU/IHDPUNEP, 2012,2014;Sukhdev; Wittmer;and Miller, 2014; Natural Capital Coalition,
2016; Managi and Kumar, 2018;Natural Capital Committee, 2020)

2ThecBD defines biodiversity as o6the var i abi,intertalia, tearestoiab, gharineiandi ng or gani sms f

other aquatic ecosystemsnd the ecological complexes of which they are part; this includes diversinithin species, between
species and of ecosystends

3 The biosphere can also be categorised into differeftiomes which are combinations of ecosystems that have evolved in response
to a similar physical climate, such as tundra, grasslands or tropical rainforests.



such as polar ecosystems. Some species are extremely rare, existing in only one
ecosystem, while others are much more widespread.

1.11 Classification of ecosystems involves informed judgmeétecosystems are
not defined in a sharp manner from rigid prirciples. Watersheds, wetlands, coral
reefs, and mangrove forests are ecosystems, as are freshwater lakes, coastal
fisheries, and estuaries. As a rule, ecosystems are not discrete entities: they blend
into one another. That is why, for clarity, it helps to onsider those ecosystems that
are tightly knit, with strong interactions among their own constituents and weak
interactions across their boundaries. The boundaries may harbour discontinuities,
such as in the distribution of organisms, soil types, the deptlof a body of water,
and so on. Even those ecosystems are interconnected. For example, agricultural
farms, which can be extensive tracts of monarop fields, are known to leak
phosphorus into freshwater lakes.

1.12 Ecosystems differ in their spatial reach (adege hogds gut i s an ecos)
is a tropical rainforest) and rhythmic time (minutes for bacterial colonies, decades

for boreal forests). Some ecosystems are of neaontinental size (the Amazon

rainforest), some cover regions (the GangBrahmaputra riverbasin), many are

volcanic islands (the islands comprising Micronesia), others involve clusters of towns
(micro-watersheds in the Ethiopian highlands), while yet others are confined to a

village (village ponds in Norfolk, UK).

1.13 Different ecosystems grasslands or woodlands, freshwater or oceand are
associated with different levels of biomass and NPP. Generally, biodiversity is greater
in wetter and warmer places than in drier and colder places. Ecosystems that are
biodiverse often havehigher productivity than those that are degraded with low
biodiversity. However, ecosystems with high biomass do not necessarily have high
biodiversity. Farmed systems, for example, have been designed to optimise yield
which can lead to high biomass in tems of crops but may not have diversity of
species, or other biodiversity attributes. So, measures of biomass and NPP must be
put into context to be able to infer other attributes of biodiversity.

Figure 1.A: Components of biodiversity and relationsimgsadoersity,
ecosystems, biomes and the biosphere
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Note: Graphic of the components of biodiversity



1.14 Biodiversity enables Nature to flourish. The variability of species in an

ecosystem and the genetic variation within those species enable that eco®mstto

respond to change. Organisms have different r
diversityd influences how ecosystems function
and services on which we depend. Diverse communities are more productive,

resilient and able to adapt (Hooper et al., 2005; Cardinalest al., 2012; Tilman, Isbell

and Cowles, 2014)

1.15 Ecosystems regenerate. New forests emerge from the ashes of fires, rising
from self-sown seeds and shoots from the roots of plants. Biodersity enables that
regeneration to occur. It affects both living and physical parts of ecosystems, which
are connected through nutrient cycles and energy flows. Plants release oxygen into
the atmosphere; the transpiration of large forests affects weathgpatterns and the
availability of water; and sedimentary rocks and fossil fuels come originally from
living organisms.

1.16 The ability to regenerate is affected when ecosystems are under unusual
pressure from external drivers, such as human activity. Biodisity loss compromises
the delivery of ecosystem servicdBalvaneraet al., 2006; Harrisonet al., 2014) like
pollination4, and can lead to ecosystem collapse. In marine systems, for example, the
dramatic loss of oxygenn parts of our oceans has led to 700 sites worldwide now
classified aglead zones with losses in biodiversity and fisheries, increases in
greenhouse gas release, and negative impacts on food security and livelihoods
(Breitburget al., 2018; Laffoley and Baxter, 2019)

1.17 Climate change, to take another example, may become the dominant driver
of biodiversity loss in the coming decade@Newbold, 2018; IPBES, 2019)Climate
change is already contributing to rapid, broad scale ecosystenhanges, with
significant consequences for biodiversity. For example, inland water systems have
already been significantly altered, and the spatial scale of changes in fire and
precipitation frequency cover large proportions of tropical and boreal biomes
respectively(Gonzalezet al., 2010; IPCC, 2015). Moreover, land use chang&in
particular deforestationd is, and could continue to be, a significant contributor to
climate change for, among other things, enormous quantities of carbon are locked
within the living system(Houghton, Byers and Nassikas, 2015; IPCC, 2015he
Amazon rainforest, for example, contains an amount of carbon equivalent to a
decade of global human emissiongLovejoy and Hannah, 2019)Actions to mitigate
and adapt to climate change can deliver benefits for biodiversity. For example
restoring coastal ecosystems like mangrove forests helps to mitigate the increasing
risks from natural hazards like floods and storms that climate change brings in its
wake. Conversely, biodiversity conservation can help to address climate change
through storage and sequestration of carbon in plants, soils, geological formations
and the ocean.

1.18 Given these complex interactions among systemthie economics of
biodiversity is the economics of the biospherer, more generally, the economics of
Nature. This $ the scope of the Dasgupta Review.

4 More than 75% of globally important food crops rely on animal pollination, including fruits, vegetablescoffee, cocoa and
almonds (Potts et a| 2016).
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Humanity and our economies are embedded within the
biosphere

1.19 Humanity and our economies are embedded in the biosphere. The

bi osphereds future evolution will be strongly
future opportunities for human prosperity depend on the future of the biosphere.

This mutual feedback informs the Review.

Figure 1.B: The relationship between the economy and the biosphere
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Note: Graphic of the economy within the biosphere

1.20 Box 1.A offers a classifiation of the myriad of ecosystem services on which

we depend for our existence. They include services from the resources we extract

and harvest. We also discharge waste, including pollutants, which damage our

assets. Acid rain (rainfall made acidic by ataspheric pollution) damages forests;

carbon emissions into the atmosphere trap heat; plastic in the oceans harms marine

animals; and industrial chemicals reduce water quality in rivers. Natural ecosystems

are 6goodsd, while pollutespbsrcebichrdegbaded
are the reverse of natural ecosystems and polluting is the reverse of conserving

(Dasgupta, 1982) The Review uses this equivalence to construct a unified

framework for the economics of the biosphere.

1.21  Acknowledging that humanity and our economies are embeddedh the
biosphere has profound implications. By constructing an accourdf the global
economy as embedded in the biosphere, the Review moves in a different direction
from the one that is pursued in contemporary accounts of economic development
and growth (Aghion and Howitt, 1998; Barro and Salai-Martin, 2003; Helpman,
2004; Acemoglu, 2008; Galor, 2011)

11



Figure 1. C: The biosphereds goods and ser\
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Box 1.AEcosystem services

The Common International Classification of Ecosystem Services (CICES)
identifies the contributions ecosystems make to human welbeing. The CICES
builds on the pioneering work of the Millennium Ecosystem Assessment. It
consists of three categories of ecosystem services, contributing directly or
indirectly to human wellbeing. It offers a powerful framework for
understanding the central dilemma in the economics of biodiversity:
reconciling the competing demands for provi®ning services, with the need
for regulating and maintenance services and cultural services.

Provisioning Service$his category comprises the vast range of products we
obtain from ecosystems. This includes food, freshwater, fuel (dung, wood,
twigs and leaves), fibre (grasses, timber, cotton, wool, silk), biochemical and
pharmaceuticals (medicines, food additives), genetic resources (genes and
genetic information used for plant breeding and biotechnology), and
ornamental resources (skins, shells, flowers)

Regulating and Maintenance Servicebhis category regulates and maintains
ecosystem processes, including maintaining the gaseous composition of the
atmosphere, regulating both local and global climate (temperature,
precipitation, winds and currents), controlling erosion (soil retention and
prevention of landslides), regulating the flow of water (the timing and
magnitude of runoff, flooding, and aquifer recharge), purifying water and

5 The Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) reframed ecosystem services with a broasfer noti
of O6natureds contributions to peopled, which de epoplemadnathre.ltr ecogni ti on t h.

also strongly recogrses other knowledge systems, including those of local communities and indigenous peopl@3iazet al., 2018).
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decomposing waste, regulating diseases (controlling the abundance of
pathogens such as cholera, and disease aters such as mosquitoes),
controlling crop/livestock pests and diseases, pollinating plants, and offering
protection against storms (forests and woodlands on land, mangroves and
coral reefs on coasts), recycling nutrients, and maintaining primary produoti
and oxygen production through photosynthesis.

Cultural Service§ his category comprises nomaterial benefits that people

obtain from ecosystems through recreation, tourism, intellectual development,

spiritual enrichment, reflection and creative and a¢ketic experiences. They
offer life-enriching and life-affirming contributions to human well-being and
health. The diversity of life has in part shaped the diversity of cultures: the
local ecosystem offers people a sense of place, their cultural landscape;
religions attach significance to particular flora and fauna; and people find
beauty in Nature, which gives expression in the private demand for gardens
and public demands for parks and protected areas.

The flows of these services rely on stocks of naturedpital. Overextraction of
provisioning services depletes natural capital stocks, in quality or quantity or

both, and has an adverse influence on the abiotic environment. The feedback,

taken together, has an adverse effect on the ability of ecosystems pwovide
regulating and maintenance, and cultural services.

Using global proxies of biodiversity

1.22 Measuring changes in biodiversity is more complex than measuring climate
change. Climate change can be measured in terms of greenhouse gas emissions and

cabon dioxide concentrations in the

Eart hos

dimensions, a variety of measures of biodiversity are needed. The metrics that have

been constructed attempt to represent the structure and function of ecosystems,

composition of biological communities, the diversity and traits of species, and
genetic composition.

the

1.23 In parts, the Review examines the issue of biodiversity loss globally using the

simple proxy measures of biomass and net primary productivity to represent the
biosphere. Thesize and distribution of biomass and NPP are no doubt crude

measures of the state of the biosphere, but they are no more crude than using the
size and distribution of produced and human capital and incomes to measure the
state of the global economy. The Rédew recognises that other biodiversity metrics
are required to inform policy and practice at subglobal scales, including at scales as
local as village economies in developing countries. The Review explores the use of
these metrics in case examples of regation, conservation and sustainable use. The
use of the simple proxy measures of biomass and NPP provides a useful framework
for the Review but does not diminish the astonishing complexity of the biosphere,

nor make it any less important to understand ad represent that complexity when
making decisions and forming policy.

13
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Review structure

124 The Reviewds draft structure is split into

125 6PadRoundationsd will set out a systematic
economics ofbiodiversity, which will provide the intellectual foundations that

underpin the Review. Key concepts addressed in Part | are previewed in Chapter 2 of

this interim report, and include:

9 viewing Nature as an asset, just as we view produced and human
capital;

1 understanding and addressing biodiversity loss by viewing it as a
portfolio asset management problem

funderstanding and explaining the i mbalar
demands on Natur e, and the biosphereds e
demands on a sustainable basjand

T a model of economic prosperity that pr oy
interaction with, and dependence on, Nature

126 6Pab®Optlilons for changed wil/l apply the int
to present options for change that can both enhance bidiversity and deliver

economic prosperity. These options for change will cover a range of levedis

including policy, institutions, economic evaluation, finance and technologg and

will reflect on the role of the public and private sector, as well as theate of the

citizen. The Review will also speak of some of the many success stories around the

world to demonstrate what is possible.
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Chapter 2
Preview: Part * Foundations

Loss of Nature as an asset management problem

2.1 Ecosystems are assets. This is why Nature is referred to by economists as
natural capital akin to produced capital (networks of roads, rows obuildings and

so on) and human capital (combinations of health, knowledge, and skills).
Consequently, the Review frames the economics of biodiversity as the study of asset
management problems.

2.2 In economic terminology, assets are durable objects. Their duitity enables
us to save them for our own future, offer them as gifts to others, exchange them for
other goods and services, and bequeath them to our children. Durable does not
mean eternal; durable goods depreciate over time. But unlike services, assgisnot
disappear instantly.

2.3 The value of an asset is determined by the goods and services it provides
over its life. For example, the value of a refrigerator comes from the benefits it
provides in preserving food over its lifetime. The lifetime of ecosystes such as
tropical forests can be indefinite, given they regenerate. The value of a forest comes
from the flow of benefits it will provide: opportunities for recreation and spiritual
connection, timber, a clean, reliable supply of water, mitigation of fl@d risk and so
on. The social value of any asset is called #éscounting price also known as its
shadow pricel The social value of an asset is important because it represents its
value to society as a whole. Amnythasamet 6s accou
as the price at which it is exchanged in the market (omarket price). Indeed, for

many ecosystem services there are no markets atathey are free goods.

2.4 Depreciation is the decline in the quantity or quality of an asset over time. In

the case of natural capital, depreciation is the difference between the rate at which

it is harvested and its regenerative rate. | f
provisioning services exceeds its regenerative rate and that of connected ecosystems,

natural capital depreciates. Depreciation caused by pollutants is the difference

between the rate at which pollutants are discharged into the biosphere and the rate

at which the biosphere can neutralise the pollutants.

2.5 I n todayds economy, \voekofpmduceddapitalton down t he
the point of depletion because it is widely understood that by doing so, we would
reduce the economyds productive capabilities.

accumulate produced capital. Yet we are continually depleting natural caal like

1 Formally, the accounting price of a capital good is the contribution an additional unit of the good would make to welbeing

across the generations, other things equal.
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estuaries, forests, mangroves, coral reefs, and grasslands, in some cases to the point
of reaching their collapse.

2.6 An overarching reason underlying our oveuse of the biosphere can be

traced to institutional failure writ large. One important manfestation of institutional

failure is the presence okxternalities which are the unaccountedfor consequences

for others, including future people,o f our actions. Our wuse of Nat
rise to a plethora of externalities, including those that arise from the fact that much

of Nature is free at source and open to all, limiting incentives to curb our demand.

The Review studies the reasomauch of the biosphere remains aropen access

resource.

2.7 Environmental degradation and biodiversity loss are experienced differently
by people in different roles and in different parts of the world. But we all face asset
management problems, every day, in every society, in a wide variety of guisiem
individuals to village councils, government departments to businesses, international
agencies to private investors. Each agent develops a strategy for managing assets,
including natural assets, whether consciously or unconsciously.

Rates of return on investment

2.8 Biodiversity is not an asset. Rather, it is a descriptive feature of assets we call

ecosystems. Drawing an analogy with human institutions, we may say that

biodiversity in an ecosystem resembles the extent to which people trust one another

in a human society This is why the building blocks of the economics of biodiversity

are own rates of return on assets. Formally, the own rate of return on investment in

an asset is the increase in the assetds size
more of the assetwere added to a portfolio today. The additional unit is the

investment in question. An example would be the additional biomass of a fishery

that would be expected tomorrow if the biomass in the fishery were increased by a

unit today. A furtherexamplewod d be the increase in a treeds
its biomass i f we were to wait a while. Wait.i
rate of return is its regenerative rate for a marginal unit of stock. The Review

confirms that this is exactly right. ikewise, the own rate of return on investment in

produced capital is its marginal product.

29 These contrasting examples suggest that O0i
in the economics of biodiversity than it has in modern growth and development

economics. Tk latter typically asks us to imagine investment as people in hard hats

using machines to apply tarmac to a road. In contrast, fisheries and forests grow if

left alone. So, investment can be passivé&ot only doesrestoration of natural capital

counts as nvestment, so does conservation: investment can mean simply waitiag

2.10 An own rate of return is a pure number of per unit of time. Its dimension is
therefore the inverse of time (i.etime™). In the case of financial assets, own rates of
return are often called their yield. An example is the return the UK government
offers for its long-term bonds, which has averaged around 4% (or 0.04) a year
historically. 4% a year is the yielfThomas and Dimsdale, 2017)

2.11  When comparing assets in a portfolio, however, own rates of return are not
enough. Unl ess the economy is in a stationary

2 see Solow(1963), whose treatment of own rates of return covered investment in both its active and passive senses.

16



expected to change over time. So, when comparing theenefits of holding a

portfolio, own rates of return on the assets in that portfolio must be corrected for

their relative capital gains (or losses). Thrate of return on an asset (as opposed to

t he amwe mate & eeturn) is its yieldplus the capital gains it enjoys over a unit

of time. Portfolio management requires that the household chooses a portfolio with

the maximum value among all the portfolios to which it has financial access. Value
maxi mi sation should be t heodedsos.eholrseé,0 s ¢
yields would typically be uncertain, as would future prices. Value maximisation

r

i ter

would reflect the uncertainty and the househo

uncertainty. The Review elaborates on the idea of value maximisation as ipips to
the economics of biodiversity.

2.12 Itis a commonplace understanding in financial economics that asset
management involves comparing rates of return on alternative portfolios. Assets in
an efficient portfolio yield the same rate of return, as estimate by the decision
maker (corrected, of course, for risk)A portfolio is efficient only if the assets in it
have the same rate of return, again, corrected for risk.

2.13 Box 2.A shows by means of an illustrative example that the own rate of

return on the biosphere far exceeds the average return on produced capital. But as
most of Natureds worth to society is not
of return for investment in most of Nature remains low, even zero. These pricing
distortions mean we have leen investing relatively more in other assets, like

produced capital. Simple though it is, the example highlights the significantinder-
investment in Nature.

Box 2.AGlobally Inefficient Management of our Portfolio of Assets

The significance of rates of return irportfolio asset management can be
illustrated with a simple illustrative exercise. Using remote sensing techniques,
Planetary NPP at the end of the 20th century was estimated to be around 105
trillion kg per year(Christopher B. Fielet al., 1998). A similar approach was
used to estimate the global stock of live biomass, which is around Bbtrillion

kg (Yinon M. BarOn, Phillipsand Milo, 2018). It follows that the biosphere-
wide average own rate of return (105/550 a year) is around 19% a year.

When compared to the own rate of return on produced capitald proxied by
the long-run global yield (rent or dividend) on housing and quities, which
has averaged around 5%Jordaet al., 2019) o the own rate of return on
planetary biomass is signifiantly higher. If the global portfolio was deemed to
be efficient, we would expect capital losses on the biosphere equal to the
difference between these rates of return (i.e. around 14% a year). But the
global economy has been decumulating natural capital ile accumulating
produced capital. That means the accounting price of the biosphere relative to
that of produced capital will have beenincreasing which means that Nature
should be enjoying 6capital gai nsod
That shows humanity has been mismanaging the global portfolio of assets

The underlying problem is that much of the biosphere is open to all at no
monetary charge; s o 8ltheir accoeniirg priwesdateh
not reflected in market prices. Theprivate rate of return on investment in

17
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many forms of natural capital remains low, even zero. These pricing
distortions mean we are investing relatively more in other assets (Figure 2.A),
such as produced capital, that yield lower social rates of return. This example
highlights the staggering mismatch between private incentives and societal
needs.

Figure 2.A: Rates of Return

We have
underinvested in am
natural capital...

Natural capital
@® Produced capital
® Human capital

1990
Global
composition of
capital share
(%)

...despite its
relatively higher 20
own rate of return

15
@  Long-run average proxy
for produced capital
® Own rate of return 10 %
of natural capital
5
0

Note: Graphic of rates of return on capital. Source: Data fronC.B. Field et al., 1998; Managi and Kumar, 2018; Yinon M
BarOn, Phillips aad Milo, 2018; Jorda et al., 2019.

2.14 The Review argues that we must manage our asset portfolios better from

two perspectives. First, we should manage our overall stock of all capital assets more
efficiently by reversing the recent depletion ohatural capital. Second, we should
maintain biodiversity in our portfolio of natural capital.

2.15 To elaborate on the latter point, bodiversity plays a similar role in the natural
world to diversity in financial portfolios: it reduces variability and uncertaty in yield.
The variability of species in the system and the genetic variation within those species
enables the ecosystem to respond to change, acting as a form of insurance or as a
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diverse portfolio that spreads risk.If a species is lost, there may banother that

could fulfil its role in an ecosystem, |l i ke 0
As more species are lost, it becomes less likely that other species will be present to

fill their roles. Some species are so critical to the functioningf an ecosystem

(known askeystone specief that their loss alone can cause an ecosystem to move

into a new state. The loss of sea otters in the North Pacific Ocean, for example, led

to a rise in sea urchins who then consumed vast quantities of kelp, deeling

breeding habitats for many fish(Estes and Palmisano, 1974)

2.16 Biodiversity also prodes ecosystems with sources of complementary
functions and has positive effects on an ecos
biodiversity is akin to complementarities among inputs in economic production. Soil
biodiversity provides an example: different gngps of organisms act to maintain soil
health in different ways. Archaea, bacteria, and fungi act as chemical engineers,
decomposing plant residues and soil organic matter, contributing to nutrient
transitions and recovery of polluted soils. Other microorgsisms act as biological
regulators, controlling plant pathogens and contributing to food security. Larger
organisms, such as earthworms, termites, and small mammals, act as ecosystem
engineers, controlling the structure of the soil matrix. Without these dierse species
playing different roles, soil would fail to support the global food systemOrgiazziet
al., 2016; FAO, 2019)

The world in the Anthropocene
The Best dfimes

217 How did we arrive at such an i mbalance in
Since the middle of the previous century, humanity as a whole has prospered at an

unprecedented rate. The average person today enjoys a far higher income and lives

years longe than then. Global output of final goods and services in 2011 prices has

risen from around 9 trillion international dollarg in 1950 to over 120 trillion today o

a more than 13-fold increase injust 70yearédwh i | e t he average persondod
income hasrisen from 3,500 dollars in 1950 to 17,000 dollars(Dagyupta and

Dasgupta, 2017; Barrettet al., 2020). Over the same time period, globalife

expectancy at birth has risen from 49 years to nearly 73 yealdN Population

Division, 2019) and the proportion of the world's population in absolute poverty

(living on less than 1.90 dollars a day) has fi@n dramatically, from nearly 60% in

1970 to less than 10% today(World Bank, 2018)5

2.18 These achievements have been celebrated in a string of widely noted

publications 8 Aside from climate change though, the authors had little to say about

the state of the biosphere today and the direction in which it has been moving in

recent decades. That humanity has oOnever had
the exercises irthese publications focused on the present in comparison to the past.

The scale of human activity that we have reached tells us that we should look also at

3 The insurance value of biodiversity was investigated in a wigdanging series of field experimentby David Tilman(see e.g.Tilman,
Isbell and Cowles, 2014)

4 International dollars at Purchasing Power Parity or PPP. All subsequent figures are at PPP.

5 We are speaking to aggregate figures. The Review alkmks at links between the distribution ofincome and wealth and
biodiversity loss at the local level.

6 Wooldridge and Micklethwait, (2001), Ridley,(2012), Lomborg, (2013), Norberg, (2016) and Pinker (2018)
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the current symptoms of the biosphere, for they tell us something about future
prospects.

219 Earthsciemi sts have named the new age we have
Ant hropocened, in which human activity has be
biosphere(Ehrlich and Ehrlich, 2008) Figure 2.B displays time series of real global

GDP and globalcarbon dioxide emissions since the start of the industrial revolution.

In the middle of the last century there was a sharp accelerated rise in global

production of both final goods and services and carbon emissions. This raises the

guestion of how the biosphere has been changing.

Figure 2.B: Global real GDP and global atmospheric carbo# dioxide (
concentrations since 1750
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The Worst of Times

220 Our growing prosperity has come at a cost:
goods and services have overshot its capacity to supply them on a sustainable basis.

The biosphere responds to the demands we make of it by undergoing changes. If

our aggregate demand exceeds its regenerative rate, the biosphere diminishes, in

quantity or quality or both. By contrast, if our demand is less than its regenerative

rate, the biosphere improves in health. Our overall demand on the biosphere is
sustainable over the longrmonlyifi t i s | ess than or equal to t
regenerative rate.

2.21 The demands we make of the biosphere take two forms:

222 First, we draw upon Natureds goods and ser
and production. This includes provisioning services likesh, fibre and freshwater as

well as regulating and maintenance services like pollination, flood protection, and

water purification.

2.23 Second, we use the biosphere as a sink for our waste products, for example
by putting our rubbish into landfills, pollutants into rivers, estuaries and oceans, and
greenhouse gases into the atmosphere. Waste products are inevitably associated
with production and consumption and they impose a strain on the biospher@ they
impede its ability to function and produce goods andservices. In economic terms,
they cause the biosphere to depreciate.

2.24  We noted previously, using crude calculations, that the own rate of return

on the biosphere far exceeds rates of return on produced capital. The finding points

to a serious imbalanceinhmani t yés portfolio of assets, in
down our natural assets. Below we look more closely at this imbalance. The Review

finds that over recent decades our aggregate demand from the biosphere has

exceeded the bi os p htdemraid®on asbstaihablé basist Four me et t ha
types of evidence are presented here:

1. Biodiversity and Ecosystem Service Losses

2.25 Running in parallel with the rising prosperity that humanity has enjoyed over

the past seven decades, there have been profound losseshiodiversity across

continents and biomes, and dramatic changes in the biosphere. That diminution

was reported in the Millennium Ecosystem Assessmef#005), which found that 15

of 24 ecosystem services assessed were in declifbe recent IPBES global

assessment reported a decline in 14 of 18 <cat
people since 1970(IPBES, 2019)Both global reviews found that extraction of

provisioning services has increased, while provision of regulating and maintenance

services has declined. There is evidence too of a corresponding decline in cultural

services. Figure 2.C shows the overall trendsia t ur eds contri butions to
reported by IPBES
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Figure 2.C: Global trends in the capacity of nature to sustain contributions to good

quality of life from 1970 to the present
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2.26 The decline in regulating and maintenance services, as well @adtural
services, can be traced to the enormous growth in the extraction of provisioning

services. The Review explains that reasoning.

2.27 The prime driver behind these transformations has been the conversion of
habitats for production of provisioning servics, industrial activity, and human
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habitation. Changes in land and seaise and over harvesting have been found to be
important drivers of biodiversity loss, as well as climate change, invasive alien
species, and pollution of air, water, and soi(Perrings, 2014; IPBES, 2019)

2.28 Although biodiversity is a broader and more complex notion than species
diversity, it should come as little surprise that there is ongoing extinctioof species.
Extinction rates are currently 100 to 1,000 times higher than the average over the
past several million years, and the rates themselves are accelera{ifgnmet al.,
2014; De Voset al., 2015; Pimm and Raven, 2019)The Living Planet Index shows
an over 60% decline in poplations of mammals, birds, fish, reptiles and amphibians
over the past four decades, with declines across biome and regigd/WF, 2018)
The estimated number of wild bee species worldwide has fallen from 6,700 in the
1950s to only 3,400 in the 2010s (Law, 2020) IPBES reported that one million
animal and plant species are now threatened with extinction, many within decades
(IPBES, 2019)This is ilustrated in Figure 2.D, which shows the decrease in mean
species abundance as a proxy measure of degradation of the terrestrial part of the
biosphere.

Figure 2.D: Changes in global terrestrial biosphere degradation since 1750
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2. Biogeochemical i&agures

2.29 Strikingly, Waters et al(2016) reported that the dramatic changes in the
state of the biosphere in recent decades are also evident in global biogeochemical
60 si gnat unitoged, prm$phosowsiarnd other markers, in sediments and ice
over the past 11,000 yearsThe authors found that their time series were flat for
millennia until a slow rise about 250 years ago, followed by a dramatic increase
since 1950 (Figure 2.E). This why Earth scientists have identified the immediate
post-War years as the time we entered thénthropocene (Voosen, 2016)
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Figure 2.E: Summary of the magnitude of key markers of anthropogenic change
indicative of the Anthropocene
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3. Safe Distance from Planetary Boundaries

230 Further evidence of the biosphereds degrad
system processes. Wk has been undertaken to identify biospheric processes that

are critical for maintaining the stable state we experienced during the last

approximately 11,000 years, the age called thelolocene? Markers that signal that

the processes are undergoing rapidhange have been calleghlanetary boundaries

(Rockstromet al., 2009). Although not all these processes have single identifiable

markers, crossing the boundaries increases the risk of largeale, potentially

irreversible, environmental changes. The authors identified nine planetary

boundaries, of which climate c¢hnedtglze and Obi os

7 The approach defines nine processes critical for Earth System functioning, and attempts to set quantitative biophysical bauies

for each, beyond which the Earthés Holocene state is ¢omt at risk. A pla
tipping point: not all nine key processes are known to possess single definable thresholds, and for those where a threshslknown

to exist, there are uncertainties about where they might lie. Boundaries are placed upstream of these thresholds &thé s af ed end of

the zone of uncertainty.
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6cored boundari es, to which the other seven r

have taken the planet into regions that scien
space®6, meaning that there are nowthé ncreasing
bi osphereds condi (Stefierresal, ROA5; $tdffenetldlo 2008L e n e

The biosphereds integrity and nitrogen and ph

boundaries furthest. But land use change and climate change are also outside their
safeoperating space (Figure 2.F).

Figure 2.F: Critical earth system processes and their boundaries

BIOSPHERE INTEGRITY

CLIMATE CHANG
Bl %

(Not yet
quantified)

A NOVEL ENTITIES
"+ (Not yet quantified)

LAND-SYSTEM e
CHANGE S
STRATOSPHERIC
OZONE DEPLETION
FRESHWATER USE

.~ ATMOSPHERIC AEROSOL
A% LOADING
(Not yet quantified)

OCEAN

P ACIDIFICATION
BIOGEOCHEMICAL I 8elow boundary (safe)
I In zone of uncertainty (increasing risk)
FLOWS

I Beyond zone of uncertainty (high risk)

P = phosphorus; N = nitrogen; Bll = Biodiversity Intactness Index and E/MSY = extinctions per million species per year.

Note: Diagram of critical earth system pocesses. Sourced. Lokrantz/Azote based o8t ef f en, W. et al . (2015) O6Planetar
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4. Global Natural Capital Accounts

2.31 Global capital accounts also reveal the way we are depletinge biosphere.
Managi and Kumar(2018) have tracked produced capital, human capital and
natural capital overthe period 1992-2014 in 140 countries8 Figure 2.G displays the

8 The value of poduced capital was obtained from official national accounts. Data limitations meant that natural capital was limited
to minerals and fossil fuels, agricultural land, forests as sources of timbema fisheries. Market prices were used to value them.
The accounting value of human capital was estimated by using the approximations in Arrow et al. (2012) for both education and
health.
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aut horsdo estimates of gl obal per capita accou
capital goods over the period 19922014. It shows that globally produced capital

per head doubled and human @pital per head increased by about 13%, but the

value of the stock of natural capital per head declined by nearly 40%.

Figure 2.G: Global changes in human, produced and natural capital per capita
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Note: Graph of changes in global capital stocks. Source: khagi, S. and Kumar, P. (2018) Inclusive Wealth Report 2018. London.

The Impact Inequality and sustainable development

2.32 To sustain our natural assets, our demands on Nature must be equal to, or
less than, its regenerative rate.

Our demands on the biosgher

233 The Review calls humanityds i mpact on the
global ecological footprint To construct a measure of that impact, the Review uses

N to denote human population and y an index of human activity per person per unit

of time.® Estimating average human activity per person is challenging. For

tractability, the Review assumes it corresponds to the standard of living, as

measured by GDP per capita. This assumption likely yields an underestimate,

because there are many human activities #t are not captured in the market value

of all final consumption of goods and service$? Global output of final goods and

services is therefore only a proxy for human activity.

2.34 Degradation of the biosphere can hasten the depreciation of other assets
(rising sea level submerges coastal infrastructure (produced capital), hotter weather
lowers labour productivity (human capital), and so on). Here we do not focus on

9 Here we follow the formulation of Ehrlich and Holdren (1971) ofhuna ni t y6s | mpact on the biosphere.

10 There have been initiatives by national income statisticians to estimate the magnitude of economic transactions that are miss

in GDP. They are not included here, however, given the early stage of their development.
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interactions among capital assets, but instead on the demand we make of the

bi os pher e dserviges specsically.rFor simplicity, we combine the two forms
of demand we make of the biosphered for its goods and services and as a sink for
our waste. We use X to denote global demand, which is a function of human
population and human activity perperson, i.e. X= X(Ny).

2.35 We useh to denote a numerical measure of the efficiency with which the

bi osphereds goods and ser Visthereforemprexyconverted
measure of the global ecological footprintit If the footprint exceeds the biosph e r € 8 s
regenerative rate, the stock diminishes. Conversely, if the footprint is less than the

bi osphereds regenerative rate, the stock incr
output of final goods and services per capita, or both, could increase withat

making additional demands on the biosphereprovidedh increased correspondingly.

Improvements in technology (for example, substituting degradable waste for

persistent pollutants, or decarbonizing the energy sector) and institutions and

practices (for example, establishing protected areas, or reducing food wi&), and

appropriate redistributions of wealth are among the means by whicl can be

raised.

2.36 Economics and ecology taken together show that there are limits to which

can be increased so as to rewhckmearsumani tyds e
attention should also be directed at those two neglected factors in environmental

and resource economics: the human population (N) and global output per person

(y) (see Boxes 2.B and 2.D, which respectively explore demographic and

consumption trends in more detail,and what drives consumption practices and

fertility behaviour).

Pl anetary supply: the biosphereds r e

237 To represent the biosphereds supply of goo
supply function. G denotes the regenerative rate of the biosphereG depends on the

bi ospher eds s & dthadG=GE®eTheaGiumaionaan also be affected

by policy. The application of biotechnology in agriculture is one avenue to increase

the regenerative rate. Another isscosystem engineeringFor example transplanted

heat-tolerant corals have been found to be more likely to survive a bleaching event

than less tolerant local corals, enabling quicker recovery of the ecosystem after such

an event(Morikawa and Palumbi, 2019) In the range of stocks relgant to our

current situation (stocks below the level capable of sustaining a maximum yield), it is

reasonable to assume that iSwere to increase,G(S)would rise.

Demand and Supply

238 Humanityds ecological footprint does not h
regenerative rate. That is because the difference would automatically be
accommodated by a change in the biosphereds s

ecosystems could, on Utilitariargrounds, choose to draw down the biosphere and
use the goods and services it supplies so as to accumulate produced capital and
human capital. That is what economic development has come to mean among

many. But this scenario comes in tandem with an overshooh our demands on the

11 Decomposition of the global ecological footprint when the footprint is interpreted as global carbon emissions is known as the
Kaya Identity.SeeKaya and Yokobori(1997).

27



biosphere. The overshoot cannot, however, be maintained indefinitely because our
life support system would be threatened.

2.39 Inrecent decades, the global ecological footprint (N)) has exceeded the
regenerative rate of the biosphere®). As a result, and as noted above, the stock of
the biosphere (S)s being drawn down. Formally, we have Ny/> G(S). AsS
declines with rising Ny, G(S) declines, increasing the gap between demand and

supply.

2.40 Inthe language of the ReviewWackernagel and Beyers (20)9lefine the
global ecological footprint as the ratio of demand to supply, that §, [Ny ]/G(S). The
authors estimate that the ratio of demand to supply has been increasing since the
1960s (their data go back to that period), from 0.9 in the late 1960s to 1.7 in 2016,
which they express vividly as the need for 1.7 Earths to meet ourrcent demand on
a sustainable basi¢2 These estimates reconfirm that in the pos¥War period,
humanity has been drawing down the biosphere, to dangerously unsustainable
levels todayis

2.41 The global ecological footprint (Ny#) is bounded becausethdo i o s pher ed s
regenerative rate @) is bounded. That means unending growth in GDP per capita)y
would require " to grow at least at the same ratel4 But to raiseh requires
investment, for example in research and development. It follows that if is to keep
step with y no matter how large y is imagined to be, investment in further increases
in h would require, at the margin, vanishing contributions from the biosphere. That
requires us to imagine that, in the long run, we can be free of the biosphere for any
further investment. The Review concludes that must therefore be bounded above.

It follows that y must be bounded above too. This conclusion is in sharp contrast to
the assumptions underlying contemporary growth and development economics, and
by extensionthe economics of climate change. Whereas that literature sees
humanity as external to the biosphere, the Review sees us embedded in it. We
elaborate on that below.

2.42 The Review calls Ny/> G(S)the Impact Inequality illustrated in Figure

2.H.15 The Impactinequality identifies the three key factors underlying our demands

on the biosphere: human population numbers global GDP per person, and the

efficiency with which we convert the biospher
International and national policiesshould be geared towards converting the Impact

Inequality into an Impact Equalityd that is, bringing about equality betweenNyh

and G(S),and that too at a healthy state (S) of the biosphere. That should be what
O6sustainable developmentd is taken to mean

12 1 order to provide that vivid description, Wackernagel and Beyers assume tha(S)is a linear function.

13 The biosphere is bounded. The Review explains why in conseque®&s not an everincreasing function of S As the estimates of
t he bi oo tate of eefiirm in Box 2.A confirm, the biosphere is at a state in whiclG is an increasing function of S. But ifS
were to be very large,G would decline with further increases inS. Fisheries and forests are examples of the ide@:increases with
Swhen Sis small but declines withSwhen Sis large. We are currently below a figure foS at which G(S)is below its maximum
sustainable level.
14 The Review assumes no one imagines Earth to support an indefinitely growiy
15 Theleft hand side of the Impact Inequality is whatEhrlich and Holdren(1971), i n t heir pioneering paper, called F

on the biosphere. For furthering unravelling of the Impact side of the inequality, see Barrett et al. (2020).

16 AnnexC provides a famal mathematical exposition of the Impact Inequality.
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Figure 2.H: The Impact Inequality
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Box 2.BDemographic and consumption trends

The world as a whole and most regions and countries are experiencing
unprecedented and rapid demographic change. The most obvious example of
this change is the significant expansion of human numbers: the global
population trebled in size from approximately2.5 billion in 1950 to around

7.7 billion in 2019 (see Figure 2.1). The UN's median projection of world
population in year 2100 is 10.9 billion, with a 95% certainty range of between
9.4 billion and 12.7 billion (UN Population Division, 2019)

Figure 2.1: World Population
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Note: Graph of the change in world population since 1750. Source: UN Population Division (2019)

Projections for the next half century expect a highly divergent world, with
stagnation or potential population decline in parts of the developed world

and continued rapid growth in many developing countries (Figure 2.J). More
than three-quarters of the inaease from today's 7.7 billion is expected to be in
sub-Saharan Africa, where population in 2100 is projected to rise from
approximately 1.1 billion in 2019 to 3.8 billion.
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Figure 2.J: Total population by region with projections, 1950 to 2100

Note: Graph of the change in total population by region, 1950 70 2100. Source: UN Population Division (2019a)

Comprising around 14% of the world's population, subSaharan Africa
represents around 3% of the world economy. So su$aharan Africa cannot
remotely be hdd responsible for the global environmental problems we face
today. However, raising incomes there even to the current global average
income (approximately 17,000 international dollars) in the face of a nea3

billion rise in numbers will require an increse in the region's annual output
from 3.5 trillion international dollars to about 68 trillion international dollars

at todayo6s prices. That rise, assun
have enormously adverse consequences for the region's &gy (Barrettet al.,
2020).

These demographic changes have significant implications for the future
pattern of global consumption, meaning thaty is not independent of N. The
World Bank (2017) has reported that the 1.2 billion people on its list of high
income countries enjoy a per capita GDP (constant prices) of around 45,000
international dollars, implying a GDPf around 54 trillion international dollars.
World output today is around 120 trillion international dollars. There is
evidence that 6carbon footprintd is
activity. If we assume in the absence of firm evidence or otwise that the
linear relationship holds for ecological footprint also, a little below 50% of
humanity's impact (US$54 trillion/US$120 trillion) on the biosphere can be
attributed to some 16% of the worl d
global output grows at such a rate that per capita global output in year 2100
wi || be, at todayods prices, 30,000
75th percentile on the distribution of GDP per capita across countries at
present) then global output at a populaton size of 10.9 billion would be 336
trillion international dollars. Unless the efficiency in our use of the biosphere
") increases correspondingly, it is
response would be.
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