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HUMAN SUCCESS HAS COME AT THE EXPENSE OF NON HUMAN LIFE. Since 1900,
the human population has more than quadrupled and per-capita income has
increased at least fivefold. Global average life expectancy at birth has more than
doubled in this time span, and the number of people living in extreme poverty
has declined. At the same time, demand for food, water, energy, materials, and
living space has increased manifold. e production of these goods and services
has entailed widespread biodiversity loss through impacts ranging from wildlife
harvesting to land-use change, water extraction, and pollution. Wildlife harvesting
includes hunting of wild animals for their meat or for medicinal and ornamental
uses, wild fish harvests, and whaling, all of which have severely decimated popu-
lations and caused local extinctions. Fuelwood extraction causes widespread forest
degradation. Humans today actively use nearly half of earth’s ice-free land, dis-
placing and fragmenting natural habitats. Pastures account for 26% of global
ice-free land, cropland 12%, production forest 9%, and cities less than 3%.
Freshwater extraction impinges on freshwater ecosystems in many of the world’s
river basins. Pollution causes harm to nonhuman life through toxicity, acidifica-
tion, eutrophication, and global warming, among other effects.

EXECUTIVE SUMMARY
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ALTHOUGH MANY OF HUMANKIND’S ENVIRONMENTAL IMPACTS HAVE GROWN IN

ABSOLUTE TERMS, SEVERAL HAVE PLATEAUED OR HAVE STARTED TO DECLINE,

AND MOST IMPACTS HAVE DECLINED ON A PER-CAPITA BASIS. Slowing pop -
ulation growth, demand saturation in developed countries, and improved
technological efficiencies have all contributed to what is known as decoup -
ling. Relative decoupling refers to impacts growing at a slower rate than population
or consumption. Absolute decoupling means impacts are declining in absolute
terms. e per-capita farmland requirement (cropland and pasture) has declined
by half in the last half-century. In absolute terms, cropland has expanded 13%
and pasture 9% in that time period, but the sum of the two has remained stable
since the mid-1990s. Global consumption of wood has plateaued, contributing
to a slight decline in the area of production forest since 1990. While overharvesting
of wild animals for meat has increased in the tropics, most developed countries
have decoupled from this form of impact. e world has almost entirely decoupled
from whaling. Total water consumption increased by 170% between 1950 and
1995, but per-capita water consumption peaked around 1980 and declined there-
after. e least decoupled environmental impact is greenhouse gas emissions 
from energy: global per-capita emissions increased by nearly 40% between 1965 
and 2013.

HUMANS SPARE NATURE FROM USE THROUGH THE CREATION OF SUBSTITUTES.

Going from wildlife harvesting, to the controlled production of biomass in agri-
culture and forestry, to fully synthetic means of providing material goods has
historically lowered the amount of environmental impact per unit of production.
Farmed instead of wild meat takes pressure off wild animal populations. Farmed
meat requires land, but this impact is less severe, per unit of meat produced, than
the harm caused by wildlife hunting. Feedlot systems require far less land than
grass-fed systems. e emergence of cheaper and better substitutes for whale oil
in illumination explains the decline in whaling in the 19th century. Aquaculture
increasingly takes pressure off wild fish stocks as feed-to-meat conversion ratios
improve and plant-based feeds substitute fish-based feeds. Forests are spared when
humans move from reliance on wood fuel to modern energy. Replacing organic

E X E C U T I V E  S UMMA R Y
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with synthetic fertilizer eliminates the need to allocate land for nitrogen fixation.
Substituting synthetic fiber and rubber for their natural counterparts reduces the
land required to produce these goods. Tractors substitute draft animals, freeing up
land previously dedicated to growing animal feed.

INTENSIFICATION — PRODUCING MORE OF A GOOD ON THE SAME AMOUNT OF

LAND — REDUCES THE HUMAN LAND FOOTPRINT. Increasing yields in farming or
forestry, as well as denser settlements, are examples of intensification. Agricultural
intensification causes biodiversity loss on farmland, but reduces the need to convert
natural habitats to farmland. In many regions, especially the tropics, the biodiver-
sity loss from conversion is greater than the loss from intensification, such that
intensification benefits biodiversity overall. However, the land-sparing benefits
may fall outside the region whose yields have improved. Rising agricultural pro-
ductivity in tropical regions has contributed to a shift in agricultural production
away from temperate regions, facilitating forest regrowth in the latter but driving
deforestation in the former. For a region to reap the biodiversity benefits of inten-
sification, and to concentrate agricultural production on already cleared lands,
policy interventions like land zoning or product certification are needed.
Agricultural intensification does not aggravate, and often mitigates, side effects
like nitrogen pollution, soil erosion, and greenhouse gas emissions, on a per-unit
production basis. Organic farming typically performs no better than its conven-
tional counterparts in terms of pollution.

SUBSTITUTION AND INTENSIFICATION PASSIVELY PROTECT NATURAL HABITATS

AND WILDLIFE. By providing cheaper and better alternatives to wildlife harvesting,
and by allowing demand for food, wood, and other goods to be met on a smaller
area, substitution and intensification passively protect wildlife and habitats. When
there is no economic reason to exploit wildlife or land for material purposes, they
can be spared from human use, satisfying the aesthetic and spiritual desires that
underpin conservation. Passive protection largely explains why half of all land on
earth is not actively used by humans: no profit could be made from converting
these lands to agriculture and forestry, and conservation is therefore the “highest
use” of the land regardless of any formal protection. Nature use-less is nature saved.

E X E C U T I V E  S UMMA R Y
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ABUNDANT MODERN ENERGY ENABLES DECOUPLING. Many forms of substitu-
tion entail higher consumption of modern energy, including the substitution of
farmed for wild fish and meat, as well as synthetic for organic fertilizer. Agricultural
intensification relies on energy-intensive fertilizers, pesticides, machinery, and 
irrigation. Although modern energy can spare land and wildlife, it has environ-
mental consequences itself, in the form of greenhouse gas emissions and con -
ventional air pollution. is trade-off can be mitigated by moving toward less-
polluting energy sources.

PROTECTED AREAS HAVE A LIMITED CAPACITY TO REDUCE AGGREGATE GLOBAL

HABITAT LOSS AND WILDLIFE DECLINE. Protected areas, which are intended to
exclude some or all ecologically harmful human activities from an area by legal
means, are often unable to compete with other economic activities like farming
or logging. Most of the land under protected-area status is passively protected,
such that the legal protection makes little net difference to land use or resource
extraction. When opportunity costs emerge or grow after legal protection is estab-
lished, governments often make protected areas weaker or smaller, or remove
protection completely. In other cases where protection competes with economic
interests, protected areas are often weakly enforced, possibly indicating limited
willingness of local and national communities to forego economic opportunities.
Protected areas can overcome these obstacles and make a difference to land use or
resource extraction within their borders, but in these cases the ecologically harmful
activities are typically displaced elsewhere. is means that even though protected
areas can be important conservation instruments at the landscape level, their effects
do not scale up to the global level as long as there is continued demand for crops,
meat, timber, and other land-based commodities.

VALUING ECOSYSTEM SERVICES CAN ENABLE CONSERVATION AT THE LOCAL

LEVEL,  BUT DOES NOT SCALE UP TO ADDRESS GLOBAL HABITAT LOSS OR

WILDLIFE DECLINE. Conservation by use, based on small-scale harvesting of ecosys-
tem goods like fuelwood, wild foods, and rubber, often fails to alleviate poverty
or compete with alternative land uses like intensive farming because of the very

E X E C U T I V E  S UMMA R Y
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low incomes earned from harvesting these ecosystem goods. And even relatively
low rates of harvesting cause some level of biodiversity loss. Regulating ecosystem
services like air and water purification, pollination, and flood control can in many
cases be performed by ecosystems far simpler than those typically targeted by con-
servation, and can in most cases be substituted or otherwise made redundant with
technology. Even so, the per-unit area value of regulating ecosystem services from
natural habitats may be able to compete with alternative land uses in cases where
the regulating services are highly concentrated and where the natural habitats are
sufficiently close to economic activities like farming or cities. However, it has not
been proven that more diffuse regulating services, or those located far from cities
or farmland, can compete on economic terms with nonconservation land uses like
intensive farming, housing development, or tree plantations. Where valuing reg-
ulating services does alter land use, the economic activities, including farming and
forestry, are typically displaced rather than eliminated, implying that this approach
does not scale up to a global level.

CONTINUED AND ACCELERATED DECOUPLING CAN ALLOW HUMAN IMPACTS ON

THE ENVIRONMENT TO PEAK AND DECLINE THIS CENTURY, BUT TRADITIONAL

CONSERVATION APPROACHES WILL STILL BE NEEDED. Peak impact is not
inevitable but rather depends on concerted action by governments, NGOs, and
private actors. As such, decoupling offers a concrete goal and an affirmative vision
for conservation in the 21st century. However, decoupling does not solve every
conservation problem, and comes with its own limitations. Decoupling does not
guarantee that the landscapes that conservationists care about most will be pre-
served, nor that land that remains in production will be concentrated in areas
where ecological impacts are least significant. Even after peaking, large-scale envi-
ronmental impacts will persist through the century. Decoupling can also be
inadequate in cases where environmental harm is not directly linked to the pro-
duction of an economic good, such as with harmful species introductions.
Decoupling should therefore not be understood as an alternative to existing con-
servation approaches but as a complement that makes conservation possible on a
larger scale. Decoupling addresses the limited capacity of protected areas and

E X E C U T I V E  S UMMA R Y
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ecosystem services to achieve reductions in aggregate human impacts, whereas pro-
tected areas and ecosystem services, within a framework of strategic landscape
planning, address the limited capacity of decoupling to achieve optimal outcomes
at the species or landscape level.

A BROADER FRAMEWORK FOR CONSERVATION SHOULD INCLUDE ACTIVE DIFFU-

SION OF LOW-IMPACT TECHNOLOGIES, MODERNIZATION, LANDSCAPE PLANNING

FOR PROTECTION AND PRODUCTION, AND INNOVATION ON THE TECHNOLOGICAL

FRONTIER. Conservation organizations, governments, and private firms can
actively contribute to accelerating decoupling by, among other things, supporting
agricultural intensification and substitution away from wild fish and meat, as well
as helping societies climb the energy ladder toward cleaner, cheaper, and less land-
intensive energy sources. ere are already examples of successful on-the-ground
projects to increase crop yields and help communities transition away from fuel-
wood. ese processes of substitution and intensification occur within the broader
context of modernization, including urbanization, income and consumption
growth, and a shift from subsistence farming to manufacturing and services. For
example, agricultural intensification goes hand in hand with urbanization and off-
farm employment. Urbanization, rising incomes, and increased availability of
farmed meat can enable a transition away from hunting wild meat. Landscape
planning includes the strategic design and placement of protected areas, infra-
structure such as dams and roads, as well as farmland and production forest, in
order to seize opportunities from decoupling and minimize biodiversity loss from
production of food, energy, and other goods. Finally, innovation on the techno-
logical frontier in areas like agriculture and energy pushes forward the envelope
of possibility for decoupling.

E X E C U T I V E  S UMMA R Y
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Over the last 40 years a growing body of scholarly research
has documented the decoupling of economic growth from
resource consumption and pollution. Economists have quantified
how rising productivity and efficiency result in dematerialization, or
fewer material inputs per unit of GDP.1 Environmental scientists have
tracked how several forms of air and water pollution have peaked and
declined, alongside economic growth, in developed economies.2,3 Systems analysts
have developed substitution models to predict the speed at which new products
and resources, including primary energy, would replace incumbents.4,5 And agron-
omists have calculated how higher crop yields have significantly reduced land
requirements for agriculture.6,7

Decoupling research has been increasingly taken up by policy makers and inter-
national organizations. In 2001, Organisation for Economic Co-operation and
Development (OECD) environment ministers declared decoupling to be one of
their highest priorities, and in 2002 published a set of 31 decoupling indicators.8

In 2007, the United Nations Environment Programme (UNEP) started the
International Resource Panel to investigate cases of resource decoupling.9 e
United Nations Intergovernmental Panel on Climate Change includes scenarios
constructed from historical rates of decoupling carbon dioxide from energy con-

INTRODUCTION



THE BREAKTHROUGH INSTITUTE > NATURE UNBOUND: DECOUPLING FOR CONSERVATION > SEPTEMBER 2015

13

sumption, and energy consumption from the economy, to produce scenarios of
possible futures and to inform climate and energy policy.10

Decoupling has significant implications for conservation science and policy, 
but to date little has been done to explore how decoupling could be accelerated 
to safeguard biodiversity inside and outside of protected areas. Nature Unbound
addresses this gap by assessing decoupling trends and processes and how they might
inform conservation for the 21st century. While the focus is narrowly on what
decoupling can do to protect wildlife and natural habitats, Nature Unbound argues
for a wider vision of decoupling beyond resource substitution and productivity 
to include related processes such as urbanization. As such, Nature Unbound 
offers a new analytical framework for understanding how humans both destroy
and save nature, and a normative scenario for accelerating decoupling and hasten-
ing the arrival of a global peak, and then decline, in aggregate human impacts on 
the environment  .

Conservation in the 21st  century will inevitably include trade-offs and hard
choices. What decoupling offers is the promise of reducing the number and size
of those trade-offs. Conservation science and practice have, over the past 50 years,
evolved beyond biology and ecology to include a broader set of human concerns
having to do with human well-being and economic development.11 For decoupling
to be useful to policy makers, conservation research will need to broaden even fur-
ther. We hope Nature Unbound contributes to that process.

I N T R O D U C T I O N
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1.1 IMPACTS

Humankind’s material well-being has improved dramatically over
the last century. Global average life expectancy at birth has risen from
30 to 70 years since 1900.12 Between 1980 and 2010, the share of the
global population living in extreme poverty dropped from 50% to 20%.13

On most measures of human well-being, developing countries have been converg-
ing with the developed world over the past few decades.14 As the global population
has more than quadrupled since 1900,15,16 and global per-capita income has
increased at least fivefold,16 total consumption of economic goods like food, water,
materials, energy, and living space has vastly increased.17–21

Human success has come at the direct expense of nonhuman species. Biodiversity
loss is by and large a direct consequence of production of goods and services 
like food, water, materials, and energy.22–24 We focus on four broad types of impact
— physical interventions in the environment — which in turn cause bio diversity
loss. ese impacts are wildlife harvesting (eg, bushmeat, whales, wild fish, and
fuelwood from natural forests), extraction of abiotic resources like water, land-use
change (which causes habitat loss and degradation), and pollution (eg, emissions
of greenhouse gases and agents of eutrophication and acidification).

1. HOW HUMANS DESTROY NATURE
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Human success has come at the 
direct expense of nonhuman species.

A single economic good (like food) can be associated with multiple impacts (land-
use change and nitrogen pollution), which in turn impact biodiversity in many
ways. Conversely, a single impact, like land-use change, can be associated with
several economic goods. Sometimes, the impact is one and the same as the biodi-
versity loss, for example in the case of wildlife harvesting. In other cases, impacts
connect to biodiversity loss through a causal chain, as when emissions of green-
house gases causes warming of the atmosphere, which in turn changes precipitation
patterns, which in turn may impact biodiversity negatively.25–27 In these cases, the
amount of impact may not have a fixed or linear relationship to the amount of
biodiversity loss.25

e past several decades have seen a great loss of nonhuman life. Between 1970
and 2010, populations of a large number of birds, mammals, amphibians, reptiles,
and fish have declined by more than half globally.28 e declines were most severe
in the Neotropical region (South and Central America and the Caribbean), with
an average decline of 83%, and the Indo-Pacific region (South and Southeast Asia
and Oceania), with an average decline of 67%.28 At least 128 birds and 61 mam-
mals have gone extinct since 1500.29 Today, 26% of mammals, 13% of birds, and
41% of amphibians are threatened with extinction,30 and overall, their status is
deteriorating.31 Out of the 31 largest mammalian carnivores — including wolves,
large cats, otters, bears, and hyenas — three out of five species are threatened and
their ranges are on average less than half of their historical extent.32

1.2 WILDLIFE HARVESTING

Wildlife harvesting refers to the extraction of wild fauna and flora to supply goods
like food and materials. is can have severe impacts on biodiversity. Early hunter-
gatherers, seeking meat, fur, and other animal products, contributed to the
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extinction of more than half of the world’s large terrestrial mammals from 50,000
to 10,000 years ago.33–35 e repercussions of these extinctions are still felt, not
only in the absence of the megafauna itself, but also in the ecological cascade effects
that their extermination ushered in.36,37

Hunting of wild animals for their 
meat is a major driver of faunal decline, 

especially in tropical forests.

Hunting of wild animals for their meat is still today a major driver of faunal
decline, especially in tropical forests. William Ripple et al. deem hunting “likely
the most important factor in the decline of the largest terrestrial herbivores.”38

More and more areas across Asia, Africa, and increasingly South America are suffer-
ing from the “empty forest syndrome,” where populations of many mammals have
been severely depressed or extirpated, that is, driven extinct locally.39–42 In the
Congo Basin, for instance, it is estimated that 60% of mammal taxa are hunted
unsustainably, and that as much as five million tons of wild meat are harvested
every year.43

Harvesting of wild fish has taken a large toll on marine and freshwater biodiversity.
Today, nearly one-third of global fish stocks are overexploited,44 and the abundance
of marine fishes declined by 38% between 1970 and 2007.45 Overharvesting of
wild fish has led to numerous local extinctions of sharks, skates, sawfish, and 
other species.46,47

Whaling resulted in a dramatic decline in whale populations. In the 19th and 20th
centuries, whales were hunted for their oil (used for lighting, margarine, soap,
lubrication, and other goods), as well as for their meat.48 At the peak of whaling
around 1960, up to 75,000 whales were killed annually. e total number of
whales killed in the 20th century was nearly three million.49 Blue whales, the largest
animals on earth, were reduced to a few percent of their pre-whaling levels.50

1 . H OW  H UM AN S  D E S T R O Y  N AT U R E
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Hunting of birds and mammals for medicinal and ornamental uses has taken a
heavy toll on many species. Rhinoceroses, tigers, sun bears, and several other
species are frequently used in traditional Chinese medicine.51 Elephants are hunted
for their ivory.52 While the extent of unsustainable wildlife harvesting for medicinal
or ornamental uses is hard to know with any certainty, a 2014 study estimated
that as much as 6% to 8% of the African elephant population was killed illegally
every year between 2010 and 2012, leading to a decline in the overall population.52

Illegal hunting reduced the population of black rhinos by 98% between 1960 and
1995; the population has since recovered somewhat but is still only at around 10%
of historical levels.53 Hunting of tigers driven by demand for traditional medicine
contributed to a 41% contraction in the geographical range of tigers in the decade
leading up to 2007.54

Extraction of wood from natural forests for use as fuel or for production of charcoal
is a major driver of forest degradation and deforestation. It accounts for nearly
one-third of forest degradation in the tropics and subtropics worldwide; for trop-
ical and subtropical countries in Africa, the share is about 50%.55 Helmut Geist
and Eric Lambin found wood harvesting for domestic uses to be implicated in
28% of tropical deforestation, based on 152 case studies.56 Many tropical biodi-
versity hotspots are located in poor regions where a large proportion of the
population relies on fuelwood for domestic heating and cooking. In the Brazilian
Atlantic forest — one of the world’s most threatened biomes — fuelwood har-
vesting has been estimated at over 300,000 tons per year, equivalent to 1.2 to 2.1
thousand hectares of tropical forest.57 Forest cutting for fuelwood has been iden-
tified as the greatest driver of forest loss and attrition in India, where nearly 100
million tons of fuelwood are harvested annually.58

1.3 LAND-USE CHANGE

Humans today actively use nearly half of the earth’s ice-free land.59 Most of that
area is used for growing biomass, while only a small proportion (0.5% to 3%) is
for cities.60–66 Biomass production can be broken down into three categories: pas-
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ture (3.4 billion ha or 26% of global ice-free land according to FAO data67), crop-
land (1.6 billion ha or 12% of global ice-free land67), and production forest (1.2
billion ha of production-designated forest, or 9% of global ice-free land, of which
0.26 billion is planted forest68). Cropland and pasture have replaced more than
20% of all forests, nearly 60% of savannas and grasslands, and about 50% of trop-
ical and temperate deciduous forests worldwide.69

Humans actively use nearly half of earth’s ice-free land, primarily for farming, which displaces
and fragments natural habitats.

Each of the three categories of biomass production generates a large variety of
goods. Cropland is used to produce crops for direct human consumption, as well
as for animal feed. Around 55% of global crop production by calorie content is
for direct human consumption, and 36% is for animal feed.70 e remainder is
for the production of non-food goods like fiber (35 million ha67), biofuels (around
25 million ha63), chemical feedstocks, and organic fertilizer. Production forest gen-
erates industrial roundwood used for pulp or building material for example, and
biomass for energy production. Production forest also includes rubber plantations,
which today cover about 10 million ha worldwide, mostly in Southeast Asia.68

1 . H OW  H UM AN S  D E S T R O Y  N AT U R E
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Human land use causes biodiversity loss by reducing, degrading, and fragmenting
habitat for species. Two important processes that contribute to this are conversion
and intensification. Conversion refers to a wholesale change in land cover, such as
when forest or shrubland is replaced with pasture or cropland. Intensification
involves a gradual loss of biodiversity through, for example, elimination of patches
of natural habitat interspersed with farmland, production forest, or built-up land,
or in the case of biomass production, higher densities of the target crop, increasing
application of fertilizer and pesticide, or increasing cropping frequency. Conversion
and intensification together make land-use change the single biggest pressure on
global biodiversity.71–73

1.4 EXTRACTION OF ABIOTIC RESOURCES

Humans extract large quantities of abiotic (non-living) resources, including metals,
construction minerals, hydrocarbons, and water. e depletion of most of these
resources does not constitute an impact on biodiversity per se. Most species and
ecosystems do not suffer from reduced amounts of metals or hydrocarbons since
they do not depend on them in the first place. Mining, quarrying, or hydrocarbon
extraction create pressures on biodiversity through pollution and land use, not
scarcity as such.

Excessive freshwater extraction, both from surface sources (lakes and rivers) and
from underground aquifers, can harm freshwater-dependent species and ecosys-
tems.74 One study estimates that extraction for human uses is already impinging
on freshwater ecosystems in more than half of the 405 assessed river basins.75

Several major rivers, including the Colorado River, run dry before they reach the
ocean — severely harming downstream ecosystems.76 Groundwater depletion
affects major regions in North America, North Africa, Australia, and elsewhere.77

Human use and management of water causes biodiversity loss not only through
scarcity, but also through land-use change and resultant habitat loss, for example
from damming rivers or draining wetlands for conversion to agriculture. In some
cases, the distinction between the two pressures — water scarcity and land-use
change — can be ambiguous, as in the case of wetland drainage.
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1.5 POLLUTION

Pollution is defined here as substances, released at any point in the production
process, that have the capacity to harm human and nonhuman life. Pollution
encompasses a wide range of effects, including toxicity, acidification, eutroph -
ication, and global warming. Toxic agents include heavy metals (eg, lead and
mercury), radioactive residues, and persistent organic pollutants (eg, PCB and
DDT), which can cause direct mortality or lower reproductive fitness in plants
and animals. 

Acidification and eutrophication harm species and ecosystems on land and in the
sea. Acidification occurs through atmospheric deposition of acidifying substances
(“acid rain”), particularly reactive sulfur and nitrogen compounds from fossil fuel
combustion and agriculture, which harms soils, freshwater ecosystems, and forests.
Ocean acidification occurs through uptake of carbon dioxide by the oceans, harm-
ing marine ecosystems, for example through its effects on calcifying organisms.78

Eutrophication is primarily caused by reactive nitrogen and phosphorous from
agriculture and fossil fuel combustion, either leached into lakes and rivers or
deposited from the atmosphere.79,80 Eutrophication can alter species compositions
in lakes and rivers, grasslands, and other ecosystems, and can also create toxic algal
blooms, hypoxic (oxygen-free) conditions in the coastal ocean and freshwater sys-
tems, and other impacts on ecosystems.80 Deposition of nitrogen and sulfur is
estimated to exceed critical loads for acidification and eutrophication in up to one-
fifth of the terrestrial biosphere.79 Coastal “dead zones” now cover more than
245,000 km2 worldwide.81

Global warming is primarily caused by carbon dioxide emissions from fossil fuel
combustion and land-use change, and has a range of possible impacts on ecosys-
tems, including shifting species distributions and inundation of coastal
habitats.82–85 Finally, ecosystems can suffer from excessive near-surface ozone,
caused primarily by nitrogen oxides, methane, and carbon monoxide, or depleted
stratospheric ozone and the associated increase in ultraviolet radiation at earth’s
surface, caused by emissions of chlorofluorocarbons and other ozone-depleting
substances.
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2.1 THEORETICAL OVERVIEW

DECOUPL ING:  RELAT IVE  AND ABSOLUTE

While many of humankind’s environmental impacts have grown in absolute terms,
several have started to flatten out or even decline. Per-capita impacts have for the
most part gone down. Nearly all forms of land use, wildlife extraction, water con-
sumption, and pollution have been declining on a per-capita basis for decades,
and in some cases for centuries.

is process is known as decoupling. Relative decoupling refers to impacts growing
at a slower rate than population or total consumption. Absolute decoupling means
impacts are declining in absolute terms. Absolute decoupling can occur alongside
rising consumption. For example, if demand for a good grows 2% per year while
the technology factor improves 4% per year, the total impact will shrink by about
2% every year, so that in 33 years the impact will be halved.

2. HOW HUMANS SAVE NATURE
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DR I VERS :  POPULAT ION,  CONSUMPT ION,  AND TECHNOLOGY

Human impacts on the environment can be decomposed into three drivers:
population  , average per-capita consumption, and a technology factor.86–88

Consumption is measured in terms of services like nutrition (kcal), heat (Btu),
light (lumens), or transportation (eg, passenger miles). Consumption is not a mod-
ern phenomenon. Hunter-gatherers consumed food, water, and energy, just as
people do today. e difference is one of scale. Total consumption, or demand, is
the product of population size and average per-capita consumption. e technol-
ogy factor represents the amount of environmental impacts per unit of goods and
services, such as the amount of land per calorie of food, or the amount of carbon
emissions per unit of energy.
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All three drivers have contributed to the slowing growth of total impacts. Global
population growth peaked around 1970 at about 2.1% per year, and has since
declined to around 1.2% (Figure 1).15 Per-capita consumption of goods like food,
energy, materials, and water can grow fast in rapidly developing countries, 
but grows more slowly or saturates completely at later stages of development, 
as more and more economic activity is directed toward less materially intensive 
services.1,19,89

Nearly all forms of land use, wildlife 
extraction, water consumption, and pollution

have been declining on a per-capita basis 
for decades, and in some cases for centuries.

How soon and at what level demand saturates varies between goods. At one end
of the spectrum, per-capita food demand saturates relatively quickly.90 A country
with a per-capita income of $30,000 typically consumes no more food than a
country half as rich.90 At the other end, demand for energy in general and elec-
tricity in particular can continue growing even at relatively high income levels.91

While population and per-capita consumption have added, albeit increasingly
slowly, to the overall burden on the environment, the technology factor has
reduced it. Although the technology factor is a simple efficiency ratio, technology
more broadly consists of tools and the skills, knowledge, and infrastructure asso-
ciated with them.92,93 In this sense, technology is as old as Homo sapiens itself. Early
Holocene subsistence farming is no less technological than industrial agriculture
today. In the words of Joseph Huber, technology is the “immediate ecological fac-
tor in human society besides the fact of humans’ sheer biological existence.”93

erefore, just as the destruction of nature always involves technology, sparing
nature is ultimately about technology too.
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REBOUND

Improved production efficiency often results in rebound, whereby energy, resource,
and cost savings associated with more-efficient technologies results in increased
rather than reduced consumption.94,95 In a sense, present-day population and con-
sumption levels were made possible by such rebound resulting from the more
efficient use of natural resources. Had our agricultural, energy, and transportation
technologies not improved dramatically over centuries, the human population
would probably be significantly smaller and poorer.

For most if not all material goods, however, demand eventually saturates. Increased
efficiency will only lead to increased consumption so long as demand remains
unsaturated. In this sense, rebound and demand saturation are two sides of the
same coin. Efficiencies both drive increased production until such time as demand
saturates and compress the timeframe in which saturation is achieved. Once
demand for a given resource has saturated, more-efficient technologies can drive
declining demand for that resource.

2.2 IMPACT TRENDS

e degree to which demand saturation and the technology factor offset a growing
human population and rising consumption depends on the type of economic
good. In this section, we review the empirical evidence for these trends.

FOOD

While food production is rising globally, demand is saturating in middle- and
high-income countries. Global food supply, measured in calories per day, has nearly
tripled over the last five decades, outpacing population growth. As a result,
food supply per capita has gone up by over 30%.15,17 Meat consumption, which
requires more land per calorie consumed, has more than doubled on a per-capita
basis.17 Amidst this overall increase, however, there is strong evidence of demand
saturation. e largest increases in food supply per capita occur in low- and lower-
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middle-income countries, and once countries reach a GDP per capita of around
$12,500, food supply and dietary composition stabilize.90 Per-capita food supply
has remained virtually flat in Western Europe for over 20 years; in the United
States, it was slightly lower in the last year on record (2011) than in the mid-
1990s.17 Furthermore, much of the increase in meat consumption has been in the
form of chicken, which is four times more efficient than pork and eight times
more efficient than beef in terms of converting feed protein into food protein.70,96

Demand for beef has in fact remained relatively stable over the last several decades,
having risen somewhat in developing countries like China and Brazil, but fallen
slightly in many other regions, including North America, Oceania, and Europe.17,96

Increases in per-capita food consumption have been more than offset by increasing
agricultural efficiency, such that farmland per capita has gone down (Figure 2).
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e global amount of cropland per capita went from 0.44 ha in 1961 to 0.22 ha
in 2011, and pasture went from 1.0 to 0.48 ha per capita.15,67 (e cropland figure
includes crops used for biofuels, which increased from 1% to at least 4% of global
crop calories from 2000 to 2010.70) e total amount of land used for food pro-
duction (the sum of cropland and pasture) per capita therefore declined by more
than half. In absolute terms, global cropland area increased by 13% between 1961
and 2011, and pasture increased by 9%.67 Yet all of the increase in the total farm-
land area (cropland and pasture together) occurred before the mid-1990s. Between
1995 and 2011, the total area under cropland and pasture remained virtually
flat — during a period in which global population grew by more than 20% and
GDP per capita nearly doubled.13,15,67

Countries can go through the entire dietary transition without expanding the area
requirement of crop production per capita. omas Kastner et al. calculated the
cropland requirement for each of 17 world regions, accounting for imports and
exports.97 In every one of these regions, the per-capita cropland requirement
(including crops for direct consumption and crops for livestock feed) declined
over the past five decades, implying that agricultural efficiency has offset changes
in diet in rich and poor regions alike. In fact, the per-capita cropland requirement
is about the same in Northern Europe, which has rich diets and high yields, as it
is in much of Africa, where diets are poor and productivity low.97

ree key trends have contributed to the agricultural productivity improvements
seen over the past half century. First, overall crop yields — defined as crop output
per harvest — increased by 87% between 1965 and 2005, or about 2.2% per year,
noncompounding.98 Second, the average number of harvests per year increased
too — from 0.78 harvests per year in 1961 to 0.89 in 2011, a 14% increase.99

Finally, the efficiency of poultry, beef, and pork production has increased.100,101 In
the United States, the amount of feed needed to produce 1 kg of broiler chicken
has declined by about 60% since the mid-1930s.102 Producing 1 kg of beef in the
United States required 19% less feed in 2007 than in 1977.103
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WOOD

Global consumption of wood has plateaued (Figure 3). Wood is used for two broad
purposes: wood fuel, especially in poor countries, and industrial roundwood, used
for example as construction material and pulp. Of the 3.5 billion m3 of wood har-
vested globally in 2012, wood fuel accounted for 53%.104 As countries modernize,
their consumption of wood tends to go from majority wood fuel to majority indus-
trial roundwood. Total per-capita consumption of wood is about the same in Africa
and in North America, but the share of wood fuel is 90% in Africa and only 21%
in North America.104 Globally, consumption of industrial roundwood increased
by more than half between 1961 and the mid-1980s but has since fluctuated with-
out exhibiting any clear upward or downward trend.104 us, in the past 50 years,
the amount of industrial roundwood per capita fell from about 0.33 m3 to about
0.24 m3, a decline of 29%. Consumption of wood for fuel increased, in absolute
terms, by less than one-quarter from 1961 to 1990, remained flat until 2000, and
increased only marginally since then.104 Global per-capita consumption of wood
fuel has dropped by nearly half in the last 50 years.104
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Saturating global demand for industrial roundwood and wood fuel, together with
an increasing share of wood coming from high-yield plantations, allowed the total
forest area dedicated for production to decline by about 50 million ha between
1990 and 2010, an area nearly the size of France.105–108 In the mid-20th century,
nearly all wood harvests were from natural forests, but since then an increasing
proportion comes from managed forests or tree plantations.109 e amount of
wood extracted from natural forests peaked around 1989 and has since declined
markedly, indicating reduced pressures on natural forests.109

BU I LT-UP  LAND

e simultaneously occurring trends of urbanization in developing countries and
suburbanization in developed ones make it difficult to assess the net change in the
land area for settlement and infrastructure. On the one hand, urbanization itself
is likely to be land sparing because villages overall have lower population densities
than cities.110 For instance, villages in China have a population density a little over
one-quarter of the average of large cities in the Eastern Asia and Pacific region.111,112

On the other hand, cities are overall becoming less dense — between 1990 and
2000 urban land cover expanded at more than twice the rate of urban population
growth.21,65 is was true for developing as well as developed regions and can be
explained, at least in part, by increasing incomes, which allow for larger houses
and proportionally larger areas for public facilities, gardens and parks, and shop-
ping areas.21,65 us average urban population densities in developing countries
are higher than in developed countries.65

HUMANK IND ’S  TOTAL  LAND  FOOTPR INT

Adding up the areas of cropland, pasture, production forest (from FAO67), and
built-up land (from Liu et al. 201464) yields a total land footprint of about 0.9 ha
per capita. at can be compared with an estimated average land clearing of 4 ha
per capita among early agriculturalists about 7,000 years ago.113 In terms of land
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actively used — and natural habitat displaced — humans today tread more lightly
on the land than anytime in the past several thousand years.

WILDL I FE  HARVEST ING

Much of the world has or is decoupling from overharvesting of wild animals for
meat, which is today mostly confined to lower-income countries and populations,
especially in tropical regions. In the tropics, harvesting of wild animals for meat is
thought to have increased dramatically in recent years.41 As for harvesting of wild
animals for medicinal and ornamental uses, the killing of African elephants is at
the highest level in 20 years,114 with a marked increase around the year 2010.115

Killing of rhinos has also increased recently. In South Africa, home to nearly 
three-quarters of wild rhinos in the world,116 the number of rhinos poached went
from 7 in 2000117 to 1,215 in 2014.118 Rates of tiger poaching and trafficking in
India increased in the three decades up to 2000 but appear to have remained stable
since then.119

e world has largely decoupled from whale harvesting. Since 1985, average
annual catches are less than 2,000, a tiny fraction of the nearly 75,000 whales
caught annually around 1960.49,120 Global wild fish harvests increased up to the
mid-1980s; concurrently, the percentage of stocks fished at a biologically unsus-
tainable level increased from 10% in 1974 to 26% in 1989.44 Since then, total
harvests have stayed flat, and the number of stocks fished at unsustainable levels
has grown marginally, to 29% in 2011.44

WATER

Efficiency gains were able to more than offset increasing per-capita demand for
water-using goods and services in the last decades of the 20th century. According
to the most comprehensive dataset available, global water consumption — the
portion of water use that is not returned to the original water source after being
withdrawn — went from 768 km3 to 2,074 km3 between 1950 and 1995, an
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increase of about 170% (Figure 4).18 Per-capita water consumption increased by
27% between 1950 and 1980, but then declined by about 5% in the following
15 years.18

Whereas total water consumption in agriculture went up by 70% between 1961
and 2009, the amount of water needed for an average global diet has, according
to a study by Chen Yang and Xuefeng Cui, declined by nearly one-quarter in the
same period. is occurred in spite of diets shifting toward more water-intensive
meat products.121 is drop is explained by very significant improvements in agri-
cultural water efficiency.121 e pattern of declining per-capita water requirements
for food production held for all of 18 world regions but four (North Africa, West
Africa, Eastern Asia, and Southern Europe).121

Per-capita municipal and industrial water use increased between 1950 and 1980,
but remained flat, and declined, respectively, until 1995.18 It should be noted that
aggregate global water consumption is an imperfect proxy for global impacts 
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on ecosystems from human-caused water scarcity, which depend crucially on 
the spatial   and temporal distribution of water consumption, as well as other local 
factors.122

GREENHOUSE  GAS  EM ISS IONS

Greenhouse gas emissions are far more coupled to economic development than
the other trends reviewed here, even as emissions per unit of energy have declined.
More than three-quarters of greenhouse gas emissions from human sources were
accounted for by carbon dioxide in 2010; the remainder chiefly includes methane
and nitrous oxide.123 Fossil fuel combustion accounted for 86% of all anthro-
pogenic carbon dioxide emissions.123 e remaining 14% of carbon dioxide
emissions come from land-use change, a proportion that has declined from 
24% in 1970.123 Carbon dioxide emissions from fossil fuels, used in the production
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of energy, have risen by about 2.3% per year globally between 1965 and 2013
(Figure 5).124 is growth rate implies a doubling of emissions every 30 years. 

Growth in carbon dioxide from energy production can be decomposed into two
factors: per-capita energy demand, and carbon intensity of energy (carbon emis-
sions per unit energy). e former has tended to increase along with per-capita
incomes in low- and middle-income countries, but has tended to increase 
more slowly, if at all, in high-income countries.91 Carbon emissions from energy
production have not risen quite as fast as primary energy consumption, which
means that there has been a slight improvement in the amount of greenhouse gas
emissions per unit energy. is ratio declined by about 13% between 1965 and
2000 but has since risen slightly.124 is rise has been attributed in large part to
rapidly rising energy consumption and relatively high carbon intensity of energy
in China.125

Global per-capita carbon dioxide emissions, the product of per-capita energy con-
sumption and the carbon intensity of energy, have increased in recent decades, by
nearly 40% between 1965 and 2013.124 While per-capita emissions in rich, OECD
(Organisation for Economic Co-operation and Development) countries have
remained relatively flat since 1980, they have gone up by more than 60% in non-
OECD countries during the same period.126

POLLUT ION

Other forms of pollution are both rising and falling, with evidence for both relative
and absolute decoupling. While a comprehensive account of trends in emissions
of pollutants is beyond the scope of this report, some broad trends are observable.
Out of four key airborne agents of terrestrial acidification and eutrophication, one
has peaked in absolute terms globally (sulfur dioxide), two appear to have
plateaued (nitrogen oxides and nitrous oxide), and only one is still rising (ammo-
nia).127,128 Emissions of ozone-depleting substances, chiefly CFCs, have fallen
steeply from their peak in the late 1980s.128 Emissions of ground-level ozone pre-
cursors have declined substantially in Europe and the United States, while
increasing in developing regions like East Asia.129,130
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Although overall trends in emissions of toxic substances are difficult to assess,
UNEP (United Nations Environment Programme) observes that conventional
toxic pollutants are declining in many industrialized areas.128 Atmospheric con-
centrations of many persistent organic pollutants recorded at Arctic monitoring
stations have declined in recent decades, though this trend has been reversed in
some cases, as with PCB.131

2.3 DECOUPLING MECHANISMS

DEF IN I T IONS

For wildlife harvesting and land use, two interrelated processes — substitution
and intensification — explain the vast majority of improvements in the technology
factor. 

SUBSTITUTION refers to the replacement of one technology, or set of technologies,
by another. Substitution can involve a change in production method — such as
when rubber is produced from petroleum rather than rubber trees, when meat is
produced with livestock rather than hunted in the wild, or when energy is pro-
duced with nuclear or solar instead of biomass. It can also involve a change in the
very material itself — such as when steel or concrete replace wood as construction
materials, or when synthetic fibers like nylon replace natural fibers like cotton.

INTENSIFICATION refers to improvements in land efficiency, measured as goods
produced   per hectare. Increasing yields in farming or forestry, as well as denser
settle ments, are examples of intensification.

PASS IVE  PROTECT ION

Substitution and intensification save or “spare” nature through what we call passive
protection.132,133 When better and cheaper substitutes exist for wildlife, the wildlife
loses its economic value — there simply is no economic rationale for exploiting
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it.134 It is passively protected. Both substitution and intensification also contribute
to passive protection of land, or “land sparing.” ey do so by enabling land-inten-
sive goods — primarily biomass in different forms — to be produced in a smaller
area. When synthetic fertilizer replaced organic, the pressure to convert new lands
into agriculture lessened. Higher yields on existing farmland — intensification —
tend to lower prices of agricultural commodities, making new conversion less prof-
itable, or not profitable at all.133,135 It can also lead to abandonment of marginal
agriculture, with attendant opportunities for habitat restoration and rewilding.136

When there is no economic reason to exploit wildlife or land for material purposes,
it can be left alone, satisfying the aesthetic and spiritual desires that underpin con-
servation. Nature use-less is nature spared.

Passive protection largely explains why half of all land on earth is not actively used by humans:
no profit could be made from converting these lands to agriculture and forestry, and con ser -
vation is therefore the “highest use” of the land regardless of any formal protection. 
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Passive protection largely explains why half of all land on earth has not been con-
verted to human uses. is includes a large proportion of the Amazon basin and
the boreal forest. It also includes much of the land covered by protected areas —
some 15% of the terrestrial ice-free surface.137 e reason the land-use glass is half
full is that no profit could be made by converting the land to agriculture or
forestry.138 Areas where high economic returns can be had are, for the most part,
converted and actively used.

When there is no economic reason 
to exploit wildlife or land for material 

purposes, it can be left alone, satisfying 
the aesthetic and spiritual desires that 

underpin conservation. 
Nature use-less is nature spared.

Two contrasting examples illustrate the principle of passive protection. Lowland
rainforests in Southeast Asia over the past decades have been widely deforested.
No wonder: each hectare can be worth over $20,000 when logged and converted
to oil palm plantations.139 At the other end of the spectrum, Russell Mittermeier
et al. reckon the land values in many biodiversity-rich wilderness areas of the world
are about $10 per ha.140 e implicit price of a hectare of land bought as part 
of the Debt for Nature Swap initiative of the 1980s and 1990s was around 
$5 per ha.141 Conservation International bought a conservation concession in
Guyana at $1.25 per ha per year.142 Land values this low are indicative of passive
protection.141 In other words, with or without formal protection, these areas would
likely have remained intact. Conservation is the economically rational “highest”
use of the land. Half the world’s land surface is passively protected simply because
we don’t need it for any material purpose; it doesn’t make commercial sense to
convert it.
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SUBST I TUT ION :  A  FRAMEWORK

ere are three very broad forms of production of material goods like food and
energy: wildlife harvesting (eg, bushmeat or wood fuel harvesting in natural
forests), controlled production of biomass (including most forms of agriculture
and forestry), and fully synthetic production (eg, synthetic rubber and fertilizer).
Each has its own set of environmental impacts. Yet, as we describe below, con-
trolled biomass production tends to have lower overall environmental impacts per
unit of goods produced than wildlife harvesting, and fully synthetic production
has lower impacts still. is suggests that transitions up this “technology ladder”
toward more artificial means of producing material goods leads to less and less
harm to nature.

ese broad substitution processes occur within the context of human develop-
ment and modernization, and are broadly recognizable across regions and over
time, but not in strictly temporal, absolute, or uniform ways. For example, whereas
the direct reliance on ecosystems for material goods dominated the hunter-gatherer
phase of human history, humans in agricultural, industrial, and postindustrial soci-
eties still often depend on wild animals, in particular fish, for food. In many
societies, different modes of agricultural production exist simultaneously.
Moreover, the transitions are often not absolute, or complete, and do not need to
be in order to save or spare nature. As we will describe below, aquaculture need
not entirely replace wild fish consumption to significantly reduce pressure on fish
stocks and marine biodiversity. Finally, these transitions are always shaped by cul-
ture, politics, society, geography, and many other factors, making each case unique
in important ways.

Wildlife harvesting entails the direct reliance on virtually unmodified ecosystem
goods like bushmeat and wild fish. is is also the oldest form of obtaining eco-
nomic goods from nature, dominating during the hunter-gatherer phase of human
history, but lingering past the emergence of agriculture to this day in various forms.
Wildlife harvesting is the most direct, and often most severe, way in which humans
destroy nature by the large-scale killing of the subjects of conservation like wild
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animals. Wild meat harvesting alone can be a larger threat to mammals in tropical
forests than habitat loss,38 even if habitat loss is a bigger threat to biodiversity at
the global level.143 e transition away from reliance on wild fauna and flora is
the most direct and often most significant way in which humans spare nature.
Allowing for the continued existence, and return, of wild flora and fauna requires
substitutes that reduce human demand for wild fish and mammals for protein,
wood from natural forests for fuel, and so on.

e next technological form of production involves producing biomass under con-
trolled forms, where the plants and animals in question are often highly modified
and grown in highly technological systems, as in modern crop production, feedlot
meat production, or aquaculture. is entails environmental impacts, most impor-
tantly land-use change, but it avoids the outright killing of the subjects of
conservation, as in wildlife harvesting.

e goods produced in these systems cannot be understood as ecosystem services
in themselves, but rather as techno-ecological hybrids, where much of the value
of the final products is accounted for by technology and human labor.144 Crops
produced in industrial agriculture are far removed from any natural counterparts.
Similarly, modern livestock are no more “ecosystem services” than are pet dogs,
and are better understood as a technological substitute for bushmeat.

Ecosystem services continue to play a role in modern biomass production, where,
for example, they contribute to the maintenance of productive soils, crop pollina-
tion, pest control, and stable provision of clean water.145,146 ese services constitute
what are known as “regulating ecosystem services,” whereby ecosystem services are
inputs to the material goods produced but do not constitute the goods that
humans consume themselves.

e third and final stage is what we might call fully synthetic. is includes things
like synthetic rubber, fiber, and fertilizer. is stage too has environmental impacts
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— especially in the form of pollution — but it largely avoids the most severe forms
of impact, wildlife harvesting and land use.

Although moving from wildlife harvesting to controlled biomass production to
fully artificial means of providing human material welfare involves reduced pres-
sures on nature per unit of production overall, impacts are by no means altogether
eliminated. Often, one kind of impact replaces another. Sparing forests from being
converted to rubber plantations requires petroleum consumption that creates con-
ventional air pollution and carbon emissions. As such, there is no free lunch —
each instance of substitution will come with some degree of trade-offs. Even
though these transitions reduce environmental impacts, they do not eliminate the
need for societies to make what are often difficult choices about how to balance
environmental costs and benefits.

Substitution can radically reduce human pressures on biodiversity, but significant
pressures will persist. Even the most optimistic scenarios for substitution still
involve significant use of land globally, primarily for farming, forestry, settlement,
and infrastructure. ere is currently no complete substitute for land in large-scale
production of food and wood.147 While the growth in global demand for wood
may be slowing down,104 it will remain significant for the next several decades.
Food demand is projected to increase substantially over the next half-century as
populations grow and get richer, and crop demand even more so, as the proportion
of meat in the diets of developing countries rises.148 A larger global population
also means that more space will be needed for settlement and infrastructure.112

THE  ROLE  OF  ENERGY

Moving up this technology ladder requires higher inputs of modern energy.
Replacing organic with synthetic fertilizer saves a lot of land, but requires more
energy.149 e same applies to synthetic and natural rubber. Intensive livestock
operations require large energy inputs for heating, feeding, lighting, and so on150
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— but they take pressure off wild animals. Intensive aquaculture operations require
large amounts of energy,151 but can take pressure off wild fish populations. Higher
crop yields which have spared large amounts of habitat from conversion have only
been possible by large inputs of energy in the form of synthetic fertilizer, machines,
irrigation systems, and so on.152 In fact, agricultural efficiency has vastly increased
on all accounts except for energy, of which it takes more today to produce a given
amount of food than it did in traditional farming systems.153–155 ere are reasons
to believe that it is precisely the large input of energy that allows for increasing
efficiency of other inputs, including land and labor.

Plentiful modern energy 
fundamentally underpins decoupling.

Plentiful modern energy thus fundamentally underpins decoupling.93 But the pro-
duction of energy itself can also have important environmental consequences in
the form of greenhouse gas emissions and conventional air pollution. is trade-
off can only be mitigated by moving up the technology ladder for energy, toward
less-polluting sources.

2.4 SUBSTITUTION: CASE STUDIES

MEAT

e domestication of animals for meat production takes pressure off wild animal
populations. Humans in the late Pleistocene often relied heavily on wild meat for
energy and protein.102 A population of perhaps two million humans was estimated
to have killed millions of large mammals annually during this period.102 However,
larger human populations, declining abundance or extinction of large herbivores,
and deforestation driven by agricultural expansion led to diminishing wild meat
harvests.102,156 Starting around 11,000 years ago, a handful of mammals (including
goats, sheep, pigs, and cattle) were domesticated for meat consumption, but more
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importantly for use as draft animals in agriculture and for transportation.157 While
meat consumption was low in early agricultural societies, and remained so almost
all the way up to the Industrial Revolution, meat could now be obtained without
killing wild animals.102 Whereas unsustainable wild meat harvesting continues in
many developing countries today, most of the developed world has almost entirely
decoupled meat production from the killing of wild animals.

Although reducing pressure on wild animal populations, producing meat from
domesticated animals also has environmental impacts, particularly in terms of land
use. As much as three-quarters of all agricultural land today is dedicated to animal
products, either for feed crops or pasture.98 However, the harm to biodiversity
from land use of farmed meat is arguably lower per unit of meat production than
the enormous damage caused by wildlife hunting. Meat produced in e Nether -
lands requires from 7.7 m2/kg for chicken to 29 m2/kg for beef.158 Replacing the
five million tons of bushmeat harvested in Central Africa every year43 would thus
require on the order of 0.1% to 0.3% of the global farmland area.

e environmental impacts from meat production vary between systems. For
example, in the United States, conventional feedlot systems have 45% lower land
requirement, 51% lower nitrogen excretion, 51% lower phosphorous excretion,
and 40% lower greenhouse gas emissions than grass-fed systems per unit of beef
production.159 ese differences are accounted for by conventional systems’ greater
productivity, which reduces the maintenance cost (nutrients for vital functions
and minimum activities) per unit of beef produced.101

WHALES

In the 19th century, whaling became a large, global industry with the potential to
significantly reduce populations.160 During this period, whales were hunted for
three main economic goods: illumination, lubrication, and stiffener.161

Illumination and lubrication were provided by oil from sperm whales (sperm oil)
and from baleen whales (referred to as whale oil); stiffener came from the whale-
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bone or baleen from baleen whales. After growing rapidly through the first half of
the 19th century, whaling — measured in terms of number of voyages as well as
the output of oil and other products — collapsed around the middle of the century
and became marginal as early as the 1880s.161,162

The emergence of cheaper and better substitutes for whale oil in illumination explains the
decline in whaling in the 19th century.

e 19th-century decline in whaling was primarily driven not by scarcity of whales,
but by the emergence and eventual market dominance of substitutes.161 During
the period when whaling collapsed, the output of sperm and whale oil per voyage
was stable — each whaling voyage returned with about as much whale and sperm
oil in 1870 as it did in 1840.162 e world was not running out of whales.161 e
price of sperm and whale oil — another indicator of scarcity — did not rise sig-
nificantly during the decades when the whaling industry collapsed, suggesting that
demand fell in tandem with supply over this period.163 In fact, the second half of
the 19th century saw a slow decline in the prices of sperm and whale oil —
unthinkable if whale populations had been depleted in concurrence with stable
or rising demand.163
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Alternative illumination fuels gradually replaced whale oil. Competitive means of
illumination had started appearing in the decades leading up to the middle of the
19th century.161 Stearin candles, invented in the 1830s, outcompeted spermaceti
in the candle market by the 1850s.161 Lard oil burned in the so-called “solar lamp”
(invented in 1841), camphene (appearing in the 1830s), coal gas (becoming com-
petitive with sperm oil in the market for street lighting in the 1850s), and kerosene
made from coal (starting in the 1850s) all chipped away at the market share of
sperm and whale oil.164 e final blow came in 1859, when vast reserves of petro-
leum, from which kerosene could be cheaply produced, were discovered.164,165

Similarly, sperm and whale oil went from dominating the market for industrial
lubricants in the 1850s to becoming marginal by the 1870s.161 Finally, the market
for baleen, which had held up quite well in the second half of the 19th century,
collapsed after the invention of spring steel in 1908.165

AQUACULTURE

Aquaculture increasingly takes pressure off wild fish stocks as feed-to-meat conversion ratios
improve and plant-based feeds substitute fish-based feeds.
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Aquaculture can increasingly decouple fish production from wild fish stocks,
thereby reducing humankind’s impacts on marine biodiversity. Farming of her-
bivorous and omnivorous fish like carp and tilapia, whose feed is derived largely
from terrestrial plants, is already almost entirely decoupled from wild fish stocks.166

However, most carnivorous fish like salmon, as well as shrimp, continue to rely
on proteins and lipids derived from wild fish, and therefore do not necessarily 
take pressure off wild fish stocks in the aggregate. Twenty years ago, it took on
average a little over 1 ton of wild fish biomass to produce 1 ton of farmed fish bio-
mass.167 However, aquaculture has rapidly decoupled from wild fish since then: 
in 2007, it only took 0.63 tons of wild fish to generate one ton of farmed fish —
an improvement by over 4% per year over the preceding decade.167 In 1995, it
took 7.5 tons of wild fish to produce 1 ton of salmon; eleven years later it only 
took 4.9.168

ese improvements were due to three factors: an increasing share of omnivorous
fish, higher feed conversion ratios (the amount of feed required to produce one
unit of farmed fish), and substitution away from wild fish-based ingredients 
in fish feed.167 Substitutes include terrestrial plant-based proteins and oils, oils
produced   by algae, animal by-products, and seafood by-products. e trend of
decreasing proportions of fishmeal and fish oil from wild fish has been possible
thanks to scientific advances in fish feeding, nutrition, and dietary manipulation,
along with genetic modifications making farmed fish more tolerant of plant 
feedstuffs in their diet. Already, Atlantic salmon can tolerate up to 75% of oil and 
50% of protein derived from plants, and these proportions are likely to continue
increasing  .167

Aquaculture, even if decoupled from wild fish, comes with its own set of problems.
Plant-based feeds require land for their production, adding to the land footprint
of food production (although fish require far less plant-based feed to produce pro-
tein than chicken, pork, or beef169). e establishment of fish farms can cause
habitat loss as areas are cleared for pond construction.170 Shrimp farming, in par-
ticular, has been a major driver of mangrove forest destruction.166,171,172 ese
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impacts can be mitigated by better location of fish and shrimp farms and the
implementation of best practices; many forms of aquaculture today do not entail
the loss of important wildlife habitats.173 Aquaculture can also cause pollution in
the form of nutrients and chemicals, leading to eutrophication, oxygen depletion,
and other problems.170 Pollution can be greatly mitigated through polyculture,
where fish are co-farmed with seaweed, microalgae, or bivalve species like mussels
or scallops, which reduce the nutrient load in the water.173,174 It can also be reduced
by the use of closed and semi-closed water systems that recycle the water with bio-
logical and other methods.171,175

e end goal is not complete decoupling of fish production from the oceans. When
harvested at biologically sustainable levels, wild fish stocks can remain in good
conservation status while providing food for humans without the land footprint
or pollution associated with other protein sources. However, most wild fish stocks
today are exploited at close to, or above, their maximum sustainable yield. Less
than 10% of global fish stocks are fished at below their biologically sustainable
level and thus have some potential for increased production; rebuilding overfished
stocks could add about 20% to global wild fish production.44 Aquaculture today
supplies just over half of all fish for direct human consumption, having more than
doubled its output between 2000 and 2012.44,176 In coming decades, most addi-
tional demand for fish needs to be met from aquaculture in order to ensure healthy
populations of wild fish.

FUELWOOD

Historically, the use of wood for fuel had devastating impacts on forests around
the world. Wood harvesting for fuelwood or charcoal was a leading cause of 
deforestation and forest degradation for centuries leading up to the Industrial
Revolution.177–179 During this period, most fuelwood was for domestic consump-
tion for heating and cooking.178 Although human populations were far smaller
than today, the very high levels of per-capita consumption made for very large
impacts on landscapes in Europe and North America. In Central Europe in the
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18th century, 30 m3 of fuelwood consumption per household was a common —
an order of magnitude higher than today’s average European per-capita consump-
tion of less than 1 m3 for industrial roundwood and fuelwood together.104,180

In the then-forest-rich United States, per-capita consumption of fuelwood peaked
at over 16 m3 per capita per year in the 1840s.181 at is 14 times higher than the
per-capita demand for wood for all uses in the United States today. Total fuelwood
consumption in the United States peaked in the 1870s at 500 million m3 per 
year — that is 40% higher than total wood consumption in the United States
today.104,181

Forests are spared when humans move from reliance on fuelwood to modern fuels like natural
gas, liquid petroleum gas, or electricity.

Wood also had several important industrial uses, particularly as a source of heat
for the production of glass, salt, and iron.177,180 In early modern England, produc-
ing 1 ton of wrought iron required about 50 m3 of wood.180 In 1820, charcoal
production for the iron industry in Belgium required the annual yield of more
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than 50% of the country’s total forest area; two decades later, the corresponding
figure in France was 14%.182 In the United States in 1840, wood corresponding
to the annual yield of 2 million ha of forest was used for the same purpose.182 Glass
manufacturing in just one small region of Central Europe (Silesia) in the 18th
century required an annual supply of wood corresponding to 1,000 ha of clear-
cut forest or the sustainable yield of 100,000 ha.180 A single salt works in the Tyrol,
also in Central Europe, used the equivalent of the annual yield of a forested area
of 200,000 ha in the early 16th century.180

Rampant deforestation and conversion of natural forest into plantations had dev-
astating effects on forest biomes in Europe and North America. In the 18th and
early 19th centuries, there was increasing talk of a “timber famine,” and vanishing
forests were a central concern for early conservationists like John Muir and Gifford
Pinchot.183 What eventually halted this trend, starting in the second half of the
19th century in the United States and earlier in the United Kingdom and
Germany, was coal.180,181 In the United States, wood went from providing 80% of
energy in the 1860s to 20% in 1900 and as little as 7.5% in 1920.184 Globally,
biomass (chiefly from wood) went from providing nearly 100% of primary energy
in 1850 to 50% in 1920 to around 10% in the last few decades.185,186 e transi-
tion from wood to coal relieved European and North American forests of an
enormous pressure and has been essential to the recovery over the 20th century of
forest area in both regions.107,187 In England as early as 1850, replacing coal with
wood at the same level of energy consumption would have required an area one-
and-a-half times the size of England and Wales.188 With the per-capita fuelwood
consumption of the United States in the mid-1800s but today’s population, the
United States would need more than 5 billion m3 of wood, about 14 times the
total roundwood production in the United States in 2012.104,181

Today’s energy system is remarkably decoupled from land use. Fossil fuels, nuclear,
and hydro, which together supply virtually all commercial energy today, use less
than 0.2% of the world’s ice-free land surface — 200 times less than pasture and
cropland together.67,189 Yet traditional biomass, including fuelwood and charcoal,

2 . H OW  H UM AN S  S AV E  N AT U R E



THE BREAKTHROUGH INSTITUTE > NATURE UNBOUND: DECOUPLING FOR CONSERVATION > SEPTEMBER 2015

47

continues to be widely used, especially in poor countries, supplying an estimated
6% of total primary energy (commercial and noncommercial) globally in 2012.186

Traditional biomass accounts for 83% of residential energy use in Africa and 74%
in Asia.190 Per-capita consumption of fuelwood is not as high in the tropics today
as it was in temperate Europe and North America in the 19th century. Average
per-capita consumption is about 0.6 m3 in Africa and 0.5 m3 in South America
today, though rates in specific locations can probably be considerably higher.104

Yet the effects, in the form of deforestation and forest degradation, can still be very
large when aggregated over large populations, as documented in Chapter 1.

FERT I L I ZER

e substitution of synthetic fertilizer for organic fertilizer may be the largest single
contribution to lowering humanity’s land footprint. Organic farming relies heavily
on nutrient recycling, by applying crop residues, manure, compost, and sometimes
human waste to the fields. However, this is far from a closed loop in modern soci-
eties. For practical, sanitary, economic, and other reasons, only a small portion of
these materials can be returned to the fields, and because of leaching, volatilization,
and other losses along the way, an even smaller fraction ever reaches and can be
taken up by the crops.191,192 Atmospheric deposition of nitrogen makes up for only
a small part of the resultant nitrogen shortfall. e remainder of the shortfall can,
in principle, only come from one source: nitrogen-fixing legumes.191

Fully organic systems may require twice as much land as systems using synthetic
fertilizer to grow a given amount of food. Growing legumes for the purpose of
adding nitrogen to the soil requires additional land, which is not accounted for
by measuring the yields of a single field in a single harvest.192,193 is has been
called the “shadow land footprint” of organic farming. e magnitude of this
shadow land footprint has not been determined with any precision. An extensive
review comparing the ecological and agronomic implications of legume versus
synthetic fertilizer sources of nitrogen takes as “typical” a ratio of 1 unit area legume
to 1 unit area crop.192 In other words, for every hectare of crop, a fully organic sys-
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tem requires another hectare of legumes. is ratio would increase if the yields of
crops increase at a faster rate than the per-hectare rate of nitrogen fixation by
legumes, which has very likely occurred over the past century, especially during
the so-called Green Revolution.

Since few organic farms today set aside a hectare of legumes for every hectare of
crops, they benefit from an external nitrogen subsidy, especially in the form of
manure, that would not exist if all farming were organic.194 e actual extra land
required to supply nitrogen to organic farms — which currently make up less than
1% of agricultural land193 — may therefore be limited in the present moment.
e point, rather, is that without the invention of synthetic fertilizers, far more
land — perhaps twice as much — would be needed to produce any given amount
of food.

WOOD  MATER IAL

e substitution of non-wood materials for wood is an important factor behind
the relative decoupling of wood consumption from economic growth. In the 60
years between 1945 and 2005, world demand for materials overall (construction
minerals, ores and industrial minerals, fossil energy carriers, and biomass) quin-
tupled; demand for construction minerals went up by more than a factor of 10
and continues to rise.19 Yet during the same period, demand for industrial round-
wood, which is used as a construction material and for paper pulp, increased by
less than a factor of three.104,109 Since the mid-1980s, global demand for industrial
roundwood has plateaued, and since 1960, per-capita consumption is down by
more than a quarter.104 In the United States, per-capita consumption of industrial
roundwood is down by about two-thirds since the early 1900s.184 Before the 20th
century, wood was used for a vast array of purposes, including houses, ships,
bridges, vehicles, and railroad ties.177,195,196 While some of these uses remain to this
day, wood has to a large degree been replaced by modern materials like steel and
concrete,196,197 which require far less land for their production, yet may entail larger
life-cycle greenhouse gas emissions.198
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RUBBER

Synthetic rubber, which has a very small land footprint, spares land by avoiding
the conversion of natural habitats to natural rubber plantations. Natural rubber
still accounts for about 40% of world rubber supply.199 is is partly because of
its superior qualities, but it is also a consequence of its relatively low price in rela-
tion to synthetic rubber, which is produced from petroleum. Had it not been for
the synthetic substitute, natural rubber plantations would have to expand by
another 10 to 15 million ha, likely in biodiversity-rich tropical countries, to meet
global market demand.68,200

F IBER

e land footprint of plant-based fibers has declined, thanks in part to synthetic
fiber substitutes. World demand for fiber increased by nearly 80% over just 
18 years, from 1992 to 2010, yet the land footprint of plant-based fibers — prin-
cipally cotton — declined by 9%.201,202 is is in part because of steadily rising
yields of plant-based fibers. Total production of plant-based fibers doubled between
1961 and 2013, yet the area harvested declined.67 An equally important factor
behind the lack of expansion in the area of fiber crops is substitution of synthetic
for natural fibers.197 Between 1992 and 2010, the share of synthetic fibers in world
fiber production increased from 40% to 60%.201 is includes the substitution of
synthetic fibers for wool203: world output of wool from sheep and lamb declined
by more than one-third between 1990 and 2013.202 Synthetic fibers, like any sub-
stitute, come with their own set of environmental impacts, yet they are likely
nature-saving overall. Meeting world demand for fiber with plant-based fibers
would require on the order of 50 million ha more than today, equivalent to the
area of Germany and England together.67,201

DRAFT  AN IMALS

Moving from draft animals to mechanization significantly reduces the land foot-
print of agriculture. Draft animals used in farming require feed, whose production
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takes up large amounts of land. In the United States immediately preceding mech-
anization of agriculture, some 25 million farm horses and mules required a
dedicated area of about 35 million ha for feed — about one quarter of the total
farmland at the time and nearly equal to the size of California.154 Replacing draft
animals with tractors therefore cut the land footprint of US agriculture by 25%
in a matter of a few decades. Today, hundreds of millions of animals, principally
oxen, water buffalo, horses, mules, and cattle, are still used for mechanical power
in farming in developing countries.204 eir land footprint per head is likely not
as large as for early 20th-century US horses, which amounted to 1.2 ha; draft ani-
mals in China in the early 1950s only required 0.13 ha per head.154 Still, the total
land required to feed today’s draft animals may be in the millions of hectares —
land that could be returned to nature if tractors replaced animals.

2.5 INTENSIFICATION

LAND  SPAR ING  AND  THE  B IOD IVERS I TY  TRADE -OFF

Rising yields on existing farmland has allowed total crop production to go up more
than threefold since 1961 while cropland area expanded only 13%.67,202 is is an
example of intensification, where more of the same good is produced on land
already used. Other examples of intensification include rising yields in forestry,
and urbanization, which increases the density of human settlements.
Intensification allows demand to be met on a smaller area, thus sparing natural
habitats from conversion to productive uses like farming, forestry, and settlement.

However, intensification also leads to biodiversity loss, as it tends to result in fewer
species being able to persist on the fields, plantations, or built-up areas in ques-
tion.71,205 is has been the case, for example, in Europe, where populations of
common farmland birds have declined over several decades.206 e flipside of this
is that maintaining high levels of biodiversity on farmland or in forestry — also
known as a “land sharing” strategy — likely involves lower yields than would oth-
erwise be possible, leading to expansion of farmland into natural habitats in order
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to meet demand.71,207 Consequently, there is no free lunch for biodiversity when
it comes to providing more food, timber, and housing.

Intensification allows demand to be met on a
smaller area, thus sparing natural habitats from

conversion to productive uses like farming,
forestry, and settlement.

Global yield improvements lead to land sparing, but not always at a one-to-one
ratio, especially in the short term.208 Higher yields can lead to a rebound in food
demand, stimulated by lower food prices.135,209 But in the longer run, income
growth likely overwhelms the effects of food prices, such that in countries past a
certain income threshold, food demand is saturated and thus less responsive to
prices.90 Even accounting for short-run rebound, omas Hertel et al. estimate
that the Green Revolution reduced land expansion by half compared to a coun-
terfactual scenario without a Green Revolution — sparing an area larger than
Western Europe.135

How to increase production of food, timber, and other goods while preserving as
much biodiversity as possible at larger scales — ie, from the landscape to the global
level210 — depends on different species’ habitat requirements. at is, it depends
on which, and how many, species can persist in natural habitats, and on farmland
or production forest with different levels of productivity.71 Intensification is,
broadly speaking, the best strategy in situations where there is a big difference in
biodiversity between natural habitats and farmland (ie, where there is a big drop
in biodiversity upon conversion from natural habitat to farmland), and where the
rate of biodiversity loss in relation to yields is lower once the land has been con-
verted.71 A land-sharing strategy can be preferable when there is less difference in
biodiversity between natural habitats and low-intensity farmland or forestry, and
where intensification causes accelerating biodiversity loss.71
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LAND  SPAR ING  IN  THE  TROP ICS

e relative conservation values of natural habitats — primary or secondary —
and farmland in tropical regions suggests that intensification is preferable from a
conservation perspective.210,211 In other words, the priority is to avoid further con-
version of natural habitats. e tropics are particularly relevant in the context of
agriculture and biodiversity, since that is where much agricultural expansion occurs
today — mostly at the expense of forests. Between 1980 and 2000, for every 10
ha of agricultural expansion in the tropics, 5.5 ha of primary forest and 3 ha of
secondary forests were lost.212

Many species in tropical regions are dependent on primary habitats — areas that
have not been converted or heavily disturbed for several decades or centuries213

— for their survival.214 ey are simply unable to maintain viable populations in
secondary habitats, consisting of natural regrowth following abandonment or as
part of shifting cultivation, or farmland. ey may, however, be able to persist in
forests that have been selectively logged.215,216 ese primary habitat specialists are
often the most threatened species.214 For these species, less primary habitat cannot
be compensated by more secondary regrowth or farmland; the only way to con-
serve these species is by avoiding conversion of primary habitat in the first place.217

Secondary forests have greater biodiversity than farmland, but still less than pri-
mary forests or forests subject only to low-intensity, selective logging. In a review
by Navjot Sodhi et al., the difference in “ecological health” — an index summa-
rizing factors like species richness, species abundance, and ecosystem structure —
was 60% larger between primary forest and farmland than it was between primary
forest and disturbed forest, which includes secondary forest.218 Mammals are rel-
atively able to recolonize secondary forest, but even here, it may take decades if
not centuries for mammal diversity and composition to approach that of primary
forests.219,220 Trees and other plants associated with primary forest are even less able
to colonize secondary forests.221 In a meta-analysis of 138 studies, Luke Gibson et
al. found that secondary forests “invariably have much lower biodiversity values
than do remnant areas of relatively undisturbed primary forest.”217
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In farmland even fewer of the primary forest specialists remain, and the species
mix is often dominated by more widespread, generalist species.71,207 Evidence sug-
gests only around half of forest species are present even on extensive,
wildlife-friendly farmland.71,207 Even this may be an underestimation, due to
extinction lags (forest species initially persisting on converted land but unable to
maintain viable long-term populations), spillover from nearby primary forest, and
shifting baselines (the reference forest having already lost some species because of
disturbance).207,214

One way that farmland can retain biodiversity is through interspersed patches of
natural habitat. However, a hectare of habitat isolated in the midst of farmland
may not hold as much biodiversity as a hectare of habitat that is part of a larger
area of contiguous natural habitat because species richness is often related to the
size and connectivity of habitat patches, where larger size and greater connectivity
means more species.222,223 When David Edwards et al. compared patches of forest
within oil palm plantations — promoted as a wildlife-friendly measure — to the
neighboring unused forest, they found the abundance of priority bird species to
be 60 times lower in the former.224 At the landscape level, these species would have
been much better off with homogeneous palm oil plantations that encroached less
on the primary forest.

Empirical evidence in support of intensification in tropical regions includes a study
by Ben Phalan et al., showing that land sparing consistently results in higher land-
scape-level biodiversity in sample regions in Ghana and India.225 is finding was
reinforced in a later modeling exercise, also by Ben Phalan et al., which concluded
that “many more of the world’s birds could be threatened by cropland expansion
than by efforts to increase yields on arable land.”205 Similar results have been shown
for lowland rainforests in Southeast Asia, where David Edwards et al. find that the
abundance of birds, beetles, and ants was higher in a land-sparing scenario than
in one with lower logging intensities over larger areas.226

2 . H OW  H UM AN S  S AV E  N AT U R E



54

THE BREAKTHROUGH INSTITUTE > NATURE UNBOUND: DECOUPLING FOR CONSERVATION > SEPTEMBER 2015

2 . H OW  H UM AN S  S AV E  N AT U R E

LAND  SPAR ING  VERSUS  SHAR ING  OUTS IDE  THE  TROP ICS

Intensification is likely to be preferable in many regions outside the tropics as well,
especially in “frontier landscapes” with relatively short land-use histories.210 For
instance, Rebecca Tittler et al. find that concentrating logging operations in a
smaller area, rather than spreading the impact more evenly across the landscape,
favors biodiversity in Canada’s boreal forest.227 ere is also support for intensifi-
cation in the context of urban development, where higher-density but less
biodiverse urban space is associated with higher landscape-level biodiversity than
low-density scenarios, especially under high levels of urbanization.228,229

e case for intensification is perhaps less clear cut for non-forest biomes, and for
regions with longer histories of farming.210 In the case of natural grassland versus
pasture, for example, it is possible that light grazing of grasslands is compatible
with high biodiversity and that most species are lost only at high densities of cat-
tle230 (although see Alkemade et al. 2012231). Here, extensification, with low
stocking densities over larger areas, may be a winning strategy.230 e same has
been suggested for areas, particularly in parts of Europe, with long-standing tra-
ditional farming practices that maintain mid-succession habitats for many
species.207,210 Here, agricultural abandonment may in fact lead to a loss of threat-
ened species,232 at the same time as it creates opportunities for rewilding.136

A  GLOBAL  PERSPECT I VE

Improving agricultural productivity may enhance the competitiveness of a region’s
farming products, thus incentivizing further expansion of farmland within that
region.209,233,234 is reality does not negate the global land-sparing benefits of
intensification, but it does mean that the benefits may be experienced outside the
region whose yields have improved.135,235,236 For a region to reap the biodiversity
benefits of intensification, effective policy and planning is required.235,236 Over the
past decades, some regions, like the US Midwest or more recently Brazil have taken
on an ever-larger share of global food production, thereby reducing land-use 
pressures in the rest of the world.237 is has been part of a broader pattern
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whereby farmland area is contracting in developed regions like Europe and North
America while expanding in developing countries, especially in the tropics.212 e
net result of these trends is difficult to evaluate, as it depends on complex biodi-
versity trade-offs   and subjective values over which landscapes have a higher
conservation value.238

High-yield agricultural systems tend to 
have equal or lower environmental impacts —

including water depletion, soil erosion, 
and pollution from fertilizers and 

greenhouse gases — per unit production 
than lower-yield systems.

Yet it is clear that in order to meet a projected doubling of global crop demand
over the next few decades without losing a large amount of natural habitat, includ-
ing tropical old-growth forests, intensification should be the priority across much
of the world’s existing farmland. e best candidates for such intensification are
areas where farmland biodiversity is already low and intensification thus leads to
proportionally less biodiversity loss.

I N TENS I F ICAT ION  S IDE  EFFECTS

High-yield agricultural systems tend to have equal or lower environmental impacts
— including water depletion, soil erosion, and pollution from fertilizers and 
greenhouse gases — per unit production than lower-yield systems. is means
that as more countries are able to meet their potential yields through adopting
better technology, they are also likely to reduce their ratio of environmental
impacts to production.
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Rich countries, characterized by high-yield agricultural systems, have consistently
higher nitrogen efficiency, which is defined as the proportion of external nitrogen
inputs that is recovered in harvested products, than poorer countries with lower
yields, implying less pollution per unit crop production in higher-yield systems.239

Aggregate crop yields in OECD countries are 70% higher than in non-OECD
countries, with only 54% greater nitrogen inputs.239 Countries’ nitrogen use effi-
ciency typically declines at early stages of development — evident for instance in
China today or the United States in the 1960s — but then starts improving after
a certain point, reached by the United States and most European countries in the
1970s and 1980s.239–241 e nitrogen surplus per hectare of farmland in OECD
countries declined by more than a quarter between 1990 and 2009,242 even as
yields went up. e Netherlands today uses the same amount of fertilizer as it did
in the 1960s but has double the crop yields.241

High-yield intensive farming systems are not inherently more damaging to soils
than extensive low-yield systems. Four-fifths of all degraded farmland is located
in the developing world regions of Africa, Asia, and Latin America; 60% is in dry-
land regions unfit for intensive agriculture.243 Rates of soil loss have been estimated
to be more than twice as high in developing countries than in developed coun-
tries.244 Technologies for reducing erosion, including conservation and no-till
methods, exist and have been increasingly adopted in North America and other
regions.243,245–247 In the United States, total erosion from cropland fell by 40%
between 1982 and 1997246 in spite of increasing yields and output. 

In terms of greenhouse gas emissions, intensive systems tend to have higher emis-
sions at the scale of the agricultural operation itself, in part accounted for by the
fossil-fuel intensive production of synthetic fertilizers.248 However, their higher
yields means that less land needs to be converted to farming, often from carbon-
dense ecosystems like forests.248–251 Jennifer Burney et al. find that over the period
1961 to 2005, intensification reduced net greenhouse gas emissions by up to 161
gigatons of carbon compared to a non-intensification counterfactual.248

2 . H OW  H UM AN S  S AV E  N AT U R E



THE BREAKTHROUGH INSTITUTE > NATURE UNBOUND: DECOUPLING FOR CONSERVATION > SEPTEMBER 2015

57

Given climatic and other geographical factors, it is hard to evaluate how water-
use efficiency relates to crop yields. However, many of the technologies that can
reduce water losses from irrigation, like drip irrigation, require capital investments
that may only be feasible in more profitable, higher-yield agriculture.252 A study
by David Gustafson et al. shows consistently higher water-use efficiencies (cubic
meters of irrigation water per unit crop output) in high-yield countries than in
low-yield countries.253 Aside from efficiency, agricultural water management needs
to ensure that local water withdrawals do not exceed sustainable rates.

Organic farming tends to perform no better than its conventional counterparts in
terms of pollution. A number of studies have shown that nitrate leaching in
organic systems is comparable to or higher than in conventional systems, per unit
crop output.254–256 Similar patterns apply to emissions of ammonia and nitrous
oxide.256 By the most comprehensive review, organic farming across Europe was
associated with around 50% higher nitrate leaching per unit output than conven-
tional systems.256
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3.1 PROTECTED AREAS

PROTECTED  AREAS  AS  ACT I VE  PROTECT ION

Protected areas are the oldest and most common conservation strategy, covering
over 15% of the world’s land area outside Antarctica.257 e parties to the
Convention on Biological Diversity have pledged to increase this share to 17% by
2020.137 Protected areas are intended to exclude some or all ecologically harmful
human activities from an area by legal means. As such, they are a form of active
protection, which seeks to overcome opportunity costs by legal, financial, or other
methods. Active protection stands in contrast to passive protection, where land,
animals, or other natural resources are conserved because exploiting them would
not be economically rational.

is section reviews the potential of protected areas to achieve conservation. We
find that protected areas, on their own, have a low capacity to overcome opportu-
nity costs. When they do, ecologically harmful activities are typically displaced
within nations or globally, rather than eliminated. is limits the potential of pro-
tected areas to contribute to large-scale conservation.

3.  LIMITATIONS OF EXISTING
CONSERVATION TOOLS
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PASS IVE  PROTECT ION

Much, if not most, of the land under protected area status was already passively
protected before receiving legal protection.258 In these cases, the protected area
only confirmed the baseline without making a difference to land use.141 is is
particularly the case in places at high elevation, on steep slopes, or at great distance
from roads and cities.

For instance, fully three-quarters of the protected areas established in Latin
America and the Caribbean through 2002 were outside places of high human
impact.259 Using a matching method — where areas under protection are com-
pared with unprotected areas with similar characteristics — Kwaw Andam et al.
show that only 7% to 9% of forests protected in Costa Rica between 1960 and
1996 would have been deforested in the absence of protection.260 Similar patterns
of low additionality were found in all 147 countries assessed by Lucas Joppa and
Alexander Pfaff.258

PROTECTED  AREA  DOWNGRAD ING ,  DOWNS IZ ING ,  

AND  DEGAZETTEMENT

Governments often make protected areas weaker, make them smaller, or remove
protection completely when opportunity costs emerge or grow after the protected
area has been established.261,262 is is known as Protected Area Downgrading,
Downsizing, and Degazettement (PADDD).261 For instance, Indonesia recently
permitted the legal conversion of vast expanses of conservation and protection
forests into production forests to allow open-pit mining and conversion to oil 
palm plantations.261 Between 1981 and 2012 in Brazil, 5.2 million ha of 
parks and reserves were affected by downsizing or removal of protection.263

is provides further evidence that protected areas are largely located where they
do not conflict with other economic interests, that is, where opportunity costs are
low or non  existent  .
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Protected areas are largely located where they do not conflict with other economic interests,
that is, where opportunity costs are low or nonexistent.

WEAK  ENFORCEMENT

In other cases where protection competes with economic interests, protected areas
are often weakly enforced. A review of over 4,000 sites found less than 25% to be
under sound management; about 40% have “major deficiencies.”264 In South Asia
(encompassing Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri
Lanka), legal protection has had no effect whatsoever on the ground: Natalie Clark
et al. find that habitat conversion rates inside protected areas is “indistinguishable
from that on unprotected lands,” and that habitat conversion rates do not decline
following the establishment of a protected area.265 ere is uncertainty in how to
understand weak enforcement. It could be interpreted as a simple lack of resources.
It could also be interpreted as illustrating the limits to the opportunity costs that
local and national communities are actually willing to accept. Tougher enforce-
ment in the face of high opportunity costs may be politically or economically
unfeasible  .
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ADD IT IONAL I TY

All of the above examples — where protected areas are located in places under no
threat; where protection is scaled back when an economic opportunity appears
within the protected area; and where protected areas make no difference to the
baseline through inadequate enforcement — illustrate the ways in which many
protected areas do not actually overcome any opportunity cost. In other words,
they do not represent additional conservation, in that they do not change land use
or resource exploitation from the baseline. Many of the world’s protected areas fall
in one of these categories, showing that the willingness of societies to make eco-
nomic sacrifices for the sake of nature conservation is in most cases very low.

Yet, some fraction of protected areas represent additionality; that is, they would
have been converted or exploited in the absence of legal protection. However, in
these cases, two further factors may undermine protected areas as a conservation
strategy.

OPPORTUN I TY  COSTS :  DO  NO  HARM

Protected areas that successfully limit ecologically harmful activities like deforesta-
tion and wildlife harvesting impose opportunity costs — such as the income
foregone from hunting, farming, or fuelwood harvesting — on people locally 
and nationally.266–268 In some cases, protected areas impose an additional cost 
in the form of crop damage or livestock predation by animals from within the pro-
tected areas.269 ese costs may or may not be offset by extra income resulting
from ecotourism  , research, infrastructure development, or other employment
oppor  tunities.268,270

e net impact of protected areas on poverty in affected communities depends on
many local factors, including institutions and the design of the protected area
intervention. ere is good evidence that many protected areas, particularly in
developing regions, have historically exacerbated poverty through displacement of
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communities and limitations on resource use.271–275 ere is also evidence of the
opposite: protected areas in Costa Rica, ailand, and Bolivia have been shown
to alleviate poverty.276,277

e former situation, where protected areas exacerbate poverty, is inequitable 
and may infringe on human rights; as such, it is an unstable proposition.266,278

is has been recognized by international organizations for more than three
decades, and the “do no harm” principle was consolidated at the 2003 World Parks
Congress.267,268 Living up to this principle, through financial compensation, invest-
ments in ecotourism or infrastructure, or other means is entirely possible, but
requires monetary and other resources. Alexander James et al. estimated that 
the annual opportunity cost of protected areas in developing countries around 
the year 2000 — based on the land price at fair market value — was as much as
15 times higher than the sum spent annually on these protected areas.279 With
finite conservation budgets, therefore, the do no harm principle may reduce the
amount of land that can be protected.

LOCAL  LEAKAGE

When legal protection successfully excludes harmful activities from an area, this
gain can be offset if these activities are displaced, or leaked, to adjacent areas.280

is is generally the case with settlement, as well as subsistence activities like fuel-
wood gathering or grazing.281 Paulo Oliveira et al. provide one of few empirical
estimates of local leakage as a result of protected area establishment.282 By com-
paring rates of deforestation and forest disturbance inside and outside a protected
area both before and after its establishment, they were able to disentangle the effect
of the land-use restriction from the effect of leakage. Like many other studies,
Oliveira et al. show that the land-use restrictions successfully reduced deforestation
rates inside the protected area relative to their pre-establishment baseline. However,
they also show that there was a dramatic increase in deforestation in the unre-
stricted landscapes surrounding the protected area, strongly indicating leakage.
is displacement of activities from within the protected area to its surrounding
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areas might in fact accelerate the rate of habitat fragmentation, as it polarizes the
level of human impacts across the landscape.283–285

NAT IONAL  AND  INTERNAT IONAL  LEAKAGE

If the production foregone as a result of protection is geared toward national 
and international markets, as is the case with much modern farming and forestry,
demand will be met by production elsewhere.63,237,280,281,286–288 In a sample of 
seven developing countries that have seen reforestation within their national bor-
ders over the past five decades, additional global changes in land use embodied in
their net wood trade offset 74% of their total reforestation.286 Similarly for Europe
and New England, both of which have undergone a so-called forest transition —
where forest area has increased as land is taken out of agricultural production —
this has gone hand in hand with increased agricultural production elsewhere.63

More than four-fifths of lost timber supply from public forest conservation in the
Pacific Northwest was offset by increased production elsewhere in the United States
and Canada.289

is may lead to a net loss of biodiversity globally because of the prevalence in
tropical countries of high levels of biodiversity, weak environmental protection,
logging practices that cause high collateral damages, and lower crop yields.63

is has led Mary Berlik et al. to argue that forest conservation in rich countries
gives an “illusion of preservation” as ecological impacts are simply shifted to other
regions.290

CONCLUS ION

To be truly successful at a landscape to national level, protected areas must over-
come many obstacles. To make a net difference, they must overcome real
opportunity costs, that is, exclude harmful human activities that would have taken
place in the absence of legal protection. is requires enforcement, and avoiding
the scaling back of protection when an economic opportunity appears. When pro-
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tected areas do make a difference to conservation within their borders, in order to
be stable long-term propositions, they must also fairly compensate affected groups,
and ensure that harmful activities are not displaced to adjacent areas. Overcoming
all these obstacles is difficult and costly, but it is possible.291 To the degree that
they do, they form an important landscape-level conservation tool. We will discuss
this in more detail in Chapter 4. 

It is important to understand, however, that because of national and international
leakage, it is primarily at the local to national level that protected areas can make
a real difference. Hence, while protected areas are a legitimate and potentially suc-
cessful means of conservation at the local or landscape level, they cannot scale up
to net conservation at the global level. While displacement does not necessarily
lead to a one-to-one loss of biodiversity elsewhere, the continuing demand for
crops, livestock, timber, and other land-based commodities worldwide suggests
that protected areas have very limited, if any, capacity to reduce net habitat 
loss globally.

3.2 CONSERVATION BY COMMERCIALIZATION

e shortcomings of protected areas motivated the search for a way for conserva-
tion to pay for itself. One response that became widespread in the 1980s and 1990s
centered on the small-scale, sustainable exploitation of ecosystem goods like
fuelwood  , wild foods, and wild rubber, as well as low-intensity logging. e idea
was that by recognizing the value of these forms of wildlife harvesting to the liveli-
hoods of local populations, and fostering markets for these goods in order to
generate additional cash income, the economic gain from a relatively intact ecosys-
tem like a standing forest might rival that of alternative land uses like conversion
to pasture or logging.292 is would create an incentive for conservation and at
the same time benefit local people, thus offsetting the opportunity cost of conser-
vation.293,294 is win-win proposition was embraced by conservation organizations
around the world, often as part of so-called Integrated Conservation and
Development Projects.293
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However, this strategy, sometimes referred to as “conservation by commercializa-
tion” or “conservation by use” has in most cases failed to deliver on its win-win
promise.293,295 e main reason for this is that the incomes from harvesting non-
timber forest products like wild foods and rubber are very low. ese ecosystem
goods can supplement the livelihoods of the poorest and provide a last resort when
other sources of subsistence or income fail to materialize.296–299 ey are not, how-
ever, a viable way out of poverty, since they are typically too slow growing and
dispersed to yield any substantial surplus over the time and effort invested.300–304

Dependence on wildlife harvesting is a symptom of poverty, not a way out of it.305

A number of studies have found that the per-hectare net value of wildlife harvest-
ing or low-intensity logging cannot compete with the potential incomes from
conversion to farmland or production forest.306,307 In cases where conversion is an
option and a threat, conservation is for the most part not the highest economic
use of land. 

Even relatively low rates of wildlife harvesting cause some level of biodiversity loss,
as discussed in Chapter 1.308,309 To increase profitability, more intensive manage-
ment and cultivation is necessary, but this often leads to more severe impacts on
forest ecosystems, lowering their conservation value.301,302,310,311 us, based on an
extensive review of case studies from Asia, Africa, and Latin America, Koen Kusters
et al. conclude that trade in non-timber forest products is “not likely to reconcile
development and conservation of natural forest.”300

3.3 REGULATING ECOSYSTEM SERVICES

THE  PREM ISE

Regulating ecosystem services differ from provisioning ecosystem services in that
they are not harvested but rather generate a flow of material services like water
purification, air purification, water flow regulation and flood control, climate sta-
bilization (through carbon sequestration and alteration of albedo and other char-
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acteristics of the earth’s surface), erosion control, pollination, and pest control.312

Using or benefitting from regulating ecosystem services does not harm nature in
itself, and therefore, substitution of technology for regulating ecosystem services
does not automatically save nature, as with provisioning ecosystem services  .

e basic idea behind regulating ecosystem services as a conservation strategy 
is similar to that of conservation by commercialization: making conservation 
the highest economic use of land. is would be the case in situations where the 
net value of regulating ecosystem services provided by a given hectare of land, with
disservices and transaction costs discounted, exceeds the value of an alternative
land use like industrial farming, plantations, or housing development.134,313

In other words, the benefit stream from the natural habitat must be greater 
than the benefit stream from the alternative land use. When this holds, and 
institutions exist to capture these values, conservation could result from the 
rational self-interest of actors like farmers, watershed managers, or public health
agencies.314,315

For the strategy of conservation through regulating ecosystem services to work,
the material value of the regulating service must be detectable and amenable to at
least a rough estimation. Otherwise, no rational economic actor would be willing
to pay for the purported benefits of regulating ecosystem services. If downstream
water users pay for upstream conservation, it is because they have some evidence
that it is a good economic decision. If farmers forsake production on part of their
land to provide pollination services, it is because they think they would make more
profit across all their land by doing so. 

Of course, people may pay for or support conservation for any number of reasons,
including aesthetic and moral, without any estimate of material value. But that is
no different from ordinary conservation. By contrast, the premise of the ecosystem
services framework is that it speaks to the material self-interest of economic actors.
Without doing so, it cannot scale beyond the current confines of conservation to
really affect large-scale land use and resource exploitation decisions.
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3.  L I M I TAT I O N S  O F  E X I S T I N G  C O N S E R VAT I O N  T O O L S

Regulating ecosystem services make many important contributions to material
human welfare through, for example, their role in food production, pollution
reduction, flood protection, and carbon sequestration.312 ey can probably justify
conservation in some local instances, as with buffer strips mitigating nutrient leach-
ing from farmland, and mangrove forests providing coastal flood control.316,317 Yet
this does not necessarily mean that valuing them can make a large-scale difference
to habitat and biodiversity loss. Several factors limit the viability and scalability of
regulating ecosystem services as a conservation tool.

MANY  REGULAT ING  ECOSYSTEM  SERV ICES  CAN  BE  

PERFORMED  BY  S IMPLE  ECOSYSTEMS

Protecting regulating ecosystem services does not necessarily result in the protec-
tion of those species, ecosystems, and places most valued by conservationists. For
the most part, regulating ecosystem services can be provided by ecosystems far
simpler than those typically targeted by conservation.318 Most of the ecological
functions underpinning regulating ecosystem services are performed by functional
groups of species that are resilient or substitutable.318 Primary, undisturbed habitats
are generally no better at turning over matter and energy than habitats with a large
share of introduced species.319,320

Protecting regulating ecosystem services 
does not necessarily result in the protection 

of those species, ecosystems, and places 
most valued by conservationists.

Looking at specific sectors, ecosystem services enjoyed by modern agriculture can
be performed by a combination of invertebrates for soil structure, microorganisms
for nutrient cycling, and vegetation cover for water provision and purification.145,321

Carbon sequestration can be performed by homogeneous stands of eucalyptus or
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any other fast-growing tree. Erosion prevention and regulation of water flows can
be performed by almost any set of plants and trees, as long as they provide an ade-
quate amount of ground cover.318 Air quality regulation is done by virtually any
photosynthesizing plant or tree.

Loss of biodiversity within a given ecosystem may reduce the flow of regulating
ecosystem services.322 is is the case with carbon sequestration and soil organic
matter creation, among others.322 However, the empirical results are mixed when
it comes to carbon storage, pest control, and pollination.322 e evidence suggests
biodiversity has no impact on freshwater purification, and there is not enough evi-
dence yet to support a link between biodiversity and flood regulation.322 However,
these marginal effects, where they exist, must be put in the context of the difference
in regulating ecosystem service provision between different ecosystems, and
between natural habitats and land that has been converted to agriculture or other
direct uses. What is more, in a majority of local ecosystems, species introductions
offset extirpations, such that overall local species richness has stayed the same or
gone up.323–325

From the perspective of simply providing regulating ecosystem services to humans,
a far less diverse, more homogeneous, and less beautiful biosphere would in all
likelihood work as well as a more diverse and beautiful biosphere. ose species
and habitats most valued by conservationists for their aesthetic, intrinsic, or spir-
itual value are, as David Ehrenfeld has pointed out, “the ones least likely to be
missed by the biosphere. Many of these [rare] species were never common or eco-
logically influential; by no stretch of the imagination can we make them out to be
vital cogs in the ecological machine.”326 High levels of material human welfare are
likely to be achievable without the remaining megafauna such as elephants and
tigers, without unique habitats like the South African fynbos, without the spec-
tacular landscapes of Yellowstone or Yosemite, and without most of the bird species
that fascinate and delight people across the world.
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MANY  REGULAT ING  ECOSYSTEM  SERV ICES  

CAN  BE  SUBST I TUTED

What is more, most regulating ecosystem services can be substituted or otherwise
made redundant with technology. Air filters can capture pollutants from the atmos-
phere instead of trees. Better still, less-polluting technologies can replace more-  
polluting ones, negating the need for post-tailpipe pollution capture. Water
treatment   plants can capture water pollutants instead of aquatic ecosystems;327

a combination of desalination and water treatment plants can allow cities to close
the water cycle altogether, eliminating the need for any regulating ecosystem serv-
ices. Pests can be tackled with pesticides rather than with biological control.327

Pollination can be done by imported bees housed in trailers, rather than by native
bees living in natural forests.328

Photosynthesis appears to be the only regulating ecosystem service that cannot yet
be artificially replaced.147 But even here, photosynthesis does not depend on the
protection of natural habitats. Food can be grown hydroponically, indoors, with
artificial lighting. Already, much industrial food production, from Iowa’s corn-
fields to Brazil’s soy farms, takes place in heavily modified environments far
removed from any natural ecosystems.

REGULAT ING  ECOSYSTEM  SERV ICES  AND  THE  

H IGHEST  USE  OF  LAND

e fact that regulating ecosystem services can be substituted or performed by
simple ecosystems does not mean they can never provide an economic basis for
conservation. However, at the local and regional scale, several considerations apply.

For regulating ecosystem functions to have any value at all — to be a “service” —
they must have a human beneficiary.329 Ecosystems located remotely from eco-
nomic activities like farming or forestry, or from human settlements, may not
supply regulating ecosystem services of any value. is excludes many areas of high
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biodiversity value from the regulating ecosystem service rationale for conservation.
However, ecosystems in such remote locations are often not threatened by con-
version in the first place.258 In these cases, conservation is already the highest use
of the land, regardless of any regulating ecosystem services.

One exception to the geographical condition is carbon storage and sequestration,
which affects the global climate regardless of where on earth it takes place. But the
characteristics of climate change make any estimation of the value of carbon
sequestration highly tenuous; the institutional challenges in implementing a global
mechanism to capture this value are enormous; and leakage could cancel out any
global benefits.289,330–332

For all other regulating ecosystem services, the site of production (ie, the natural
habitat where the service is generated) and the site of consumption (eg, the crop-
land that benefits from pollination or cities benefitting from cleaner water) must
be within a certain proximity, which depends on the specific service in question.333

For pollination, it is a matter of hundreds of meters.334 Air purification by plants
is also highly localized.335 e benefits of water purification and flow regulation
can extend over an entire river basin.

Where the sites of service production and consumption are close, the value of the
regulating ecosystem service is often correspondingly higher. But in the proximity
of agriculture, farming, or settlements, the opportunity costs are typically also
higher. At these scales, a paradox in the economics of regulating ecosystem services
appears, as described by David Simpson.333 If the regulating ecosystem service is
produced diffusely — if it takes a lot of land to produce a certain amount of the
service — then the per-hectare value of that service will be correspondingly low,
and conservation will fail to compete on an economic basis with alternative land
uses. If, on the other hand, the service can be performed very efficiently in terms
of land, then the per-hectare value might be able to match that of the opportunity
cost, but only a small area of conservation would be needed to provide an adequate
amount of services.333
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There is little robust empirical evidence 
of cases where the value of regulating 

ecosystem services exceeds that of 
the opportunity cost of conservation.

As such, highly efficient regulating ecosystem services are self-limiting in terms of
how much land they can conserve. is is probably the case with the instances
where regulating ecosystem services are able to justify conservation, like buffer
strips.317,333 If a ten-meter buffer strip can absorb most of the nitrogen leaching
from nearby fields, then the eleventh meter will not make much of a difference,
and is therefore of low value.

e large literature on ecosystem services provides little robust empirical evidence
of cases where the value of regulating ecosystem services exceeds that of the oppor-
tunity cost of conservation.138,313,316 As such, the hypothesis that regulating
ecosystem services can widely compete with alternative land uses has not been
convincingly proven.333 ere are cases where, from a theoretical perspective,
regulating   ecosystem services are unlikely to outcompete alternative land uses. For
example, it is implausible that the per-hectare value of services like pollination
from natural forests can match the per-hectare profits from converting and farming
that land.313,328,336

CONCLUS ION

In sum, while the value of regulating ecosystem services can probably make con-
servation the highest use of land in some cases, the amount of land that can be
saved this way is probably constrained by the self-limiting nature of highly efficient
regulating ecosystem services.333 And in cases where regulating ecosystem services
really do outcompete alternative land uses like farming or logging, these activities
are likely displaced rather than eliminated.337 Just like in the case of protected
areas, therefore, local gains thus do not automatically scale up to make a significant
difference to global trends in habitat and biodiversity loss.
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4.1 PEAK IMPACT IN THE 21ST CENTURY

Ongoing trends in population, consumption, and the technology factor make it
possible that human impacts on the environment peak and decline this century.
Peak impact is not inevitable but rather depends on concerted action by govern-
ments, NGOs, and private actors. As such, peak impact offers a concrete goal and
an affirmative vision for conservation in the 21st century.

e goal of peak impact will be aided by the peaking and decline of the human
population. e global population has been forecast to reach nine billion by 2070
and decline thereafter,338 while other projections have it increasing further into
the second half of the 21st century.339 Exactly when and at what level peak popu-
lation is reached depends largely on how fast the demographic transition
happens in the poorest countries of the world, especially in tropical Africa,
where population today grows fastest.339 Whereas the past hundred years
added more than five billion people globally, the next hundred years
may not add more than two billion.

4.  TOWARD A NEW FRAMEWORK 
FOR CONSERVATION
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As more and more countries reach high-income status, the growth in demand for
most material goods — and therefore natural resources — will eventually slow
down at a global scale. Even so, the world will need to produce much more over
the next few decades as poorer countries emerge from poverty and move toward
higher living standards. Global demand for crops is forecast to double by 2050148

and global demand for energy to rise by half by 2040.186 Global energy supply
would have to more than double for everyone to enjoy the current per-capita
energy consumption of a developed country like Germany.126,338

Human impacts on the environment 
may peak and decline this century.

Trends in population and consumption combine into continued, but slower,
growth in total consumption over this century. What will ultimately determine
when and at what level peak impact occurs is the technology factor. ere is
scope for enough improvement in the technology factor to reach peak impact.
For example, global yields of most major crops could be increased by up to 70%
if all countries could match the best performers in their region.340 If all countries
met their potential for cropping frequency, annual crop production per unit land
could be boosted by another 50%.99 Carbon emissions from energy production
would be 60% lower if all countries had the carbon intensity (CO2 per unit
energy) of Sweden.126

e arrival of peak impact — or, as Jesse Ausubel called it, the Great Reversal169

— would constitute a turning point in the Anthropocene, the epoch during which
humans have strongly shaped the global environment. After growing for centuries,
the area of farmland would peak and decline, leaving behind an expanding space
for nature. Less forest would be logged and waterways less polluted with fertilizers.
e loss of habitat and biodiversity could be reversed. ese reversals, if realized,
could not only spare remaining natural habitats, but also open up new opportu-
nities including ecosystem restoration and rewilding.
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4.2 LIMITATIONS OF DECOUPLING AND THE NEED
FOR A LARGER FRAMEWORK

Decoupling has the potential to significantly reduce aggregate human impacts on
the environment. As such, it is a fundamental precondition for saving nature at
large scale. But decoupling does not solve every conservation problem, and comes
with its own limitations.

Decoupling does not guarantee that the landscapes conservationists care about
most, such as old-growth forests, will be preserved, nor that land that remains in
production will be concentrated in areas where ecological impacts are least signifi-
cant. e geographical distribution of farmland and forestry could continue to
shift globally, thus encroaching further onto primary habitat or other areas of high
conservation value even as the total production area declines. e same concen-
tration of agriculture in the most productive areas that is currently contributing
to a global decoupling of farmland area from food production is also causing the
loss of invaluable tropical rainforest in South America and Southeast Asia.236,341

Decoupling does not solve every 
conservation problem, and comes with 

its own limitations.

Even with accelerated decoupling, some forms of environmental impact may con-
tinue growing for several more decades. More-efficient production processes may
result in cheaper goods and services, resulting in a rebound in demand, until such
time as demand is saturated. Even after peaking, large-scale impacts will persist
through the century. For instance, even if total cropland area starts to decline
within the next few decades, it will still necessarily cover a huge portion of ice-
free land. Human extraction of freshwater, even if declining, will still leave less
water for freshwater ecosystems.
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Decoupling can also be inadequate in cases where environmental harm is not
directly linked to the production of an economic good, such as with harmful
species introductions.

Decoupling should therefore be understood not as an alternative to existing con-
servation strategies but an augmentation and a larger framework within which
conservation efforts must situate themselves. Passive protection through decou-
pling and active protection through protected areas and ecosystem services are both
required in order to achieve 21st-century conservation goals. Passive protection
addresses the limited capacity of active protection to achieve aggregate reductions
in human pressures. Active protection, within a framework of strategic landscape
planning, addresses the limited capacity of passive protection to achieve optimal
outcomes at the species or landscape level.

Below, we outline the contours of a broader strategy for conservation. We describe
how ongoing decoupling processes can be actively accelerated, and how this relates
to broader socioeconomic changes. We also explain how proactive landscape plan-
ning, including active protection in the form of protected areas and ecosystem
services, can ensure better outcomes at the landscape level. Finally, we outline how
innovation on the technological frontier pushes the long-term envelope of possi-
bility for conservation. We can, however, only scratch the surface of possibilities
that arise from this framework. Our hope is that conservation researchers and prac-
titioners will fill in the many gaps and provide more case studies over months and
years to come.

4.3 ACCELERATING DECOUPLING

ACT IVE  DECOUPL ING

Conservation organizations, government agencies, and private firms can contribute
to accelerating the decoupling trends that are moving the world toward peak
impact. While decoupling manifests as aggregate trends at the global level — for
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example in terms of the land area under agriculture — these emergent patterns
stem from active, willed decisions, interventions, and policies at the local to
national level. Spontaneous, organic market forces are very important but explain
only a part of the ongoing decoupling processes. In other words, decoupling is 
as much a bottom-up process as is active protection. is is a framework for “active
decoupling” as well as active protection.

SPREAD ING  LOW- IMPACT  TECHNOLOG IES

Continued and accelerated agricultural intensification could result in the land
footprint of food production peaking and declining this century. is will require
low-yield farming to be intensified or in some cases abandoned. Achieving 
high-yield agriculture requires the diffusion of not one but rather a cluster of inter-
related technologies including synthetic fertilizers, pesticides, tractors, irrigation,
and new seed varieties, as well as markets and infrastructure like roads, and refrig-
eration. Technological change through more precise and efficient farming practices
can also reduce water consumption and nutrient pollution from agriculture  .342

e conservation benefits from intensified agriculture can be very large. Ricardo
Grau and Mitchell Aide document one case in Northern Argentina where the
amount of protein produced on 4.7 million ha of traditional grazing could be sup-
plied using just 16,000 ha of soybean farming — a reduction in land footprint of
99.7%.343 e most productive livestock system in sub-Saharan Africa requires
more than 20 times more land to produce a kilogram of protein than the most
productive North American system.344 Modern farming with multiple harvests per
year replacing shifting cultivation can lower the land clearing required to produce
a given amount of crops by over one order of magnitude.345

Substitution can bring conservation benefits in developing and developed countries
alike. Defaunation of tropical forests can be reduced if more people got their pro-
tein from farmed animals instead of bushmeat. Forest degradation can decrease if
more people moved away from fuelwood and toward modern forms of energy like
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liquid petroleum gas and electricity. Carbon emissions from energy can be reduced
by moving away from fossil fuels and toward low-carbon energy sources like solar,
wind, hydro, and nuclear. Wild fish can be spared through broader adoption of
aquaculture. Dense cities can reduce the land footprint of human settlements.
Desalination can take pressure off freshwater ecosystems. 

ere are concrete on-the-ground substitution and intensification projects that
governments, conservation organizations, and companies are already implement-
ing. For instance, a program giving farming households subsidized coupons for
fertilizers and improved corn seeds contributed to significant corn yield improve-
ments in the mid-2000s in Malawi.346 A similar program a decade earlier had
positive effects on crop yields and was shown to have reduced forest degradation
and led to intensification of existing farmland rather than area expansion.347

In India, the introduction of liquid petroleum gas has been tied to forest conser-
vation and regrowth. Sunil Nautiyal and Harald Kaechele describe how, over two
decades, a government program to increase the uptake of modern fuels in a num-
ber of villages in the Indian Himalayas nearly eliminated the use of fuelwood,
leading to ecosystem recovery in this threatened biodiversity hotspot.348

Conservation organizations can also help ensure that decoupling trends are not
reversed. For instance, in recent decades, biofuels from crops like corn, soy, and
sugarcane has come to be used as a substitute for petroleum in liquid transporta-
tion fuels. Even the most land-efficient source of biofuels, sugarcane, requires more
than six times more land to produce a given amount of energy than petroleum,
and the least efficient one, soybean, requires about 20 times more.349 Since biofuels
derived from crops like corn or sugarcane cause direct or indirect land-use change,
with associated releases of carbon dioxide and methane, their life-cycle carbon
emissions may not be lower than those of fossil fuels.350–355 Most current biofuels
run counter to decoupling. So do some forms of organic farming, because of lower
yields,356,357 especially if adopted at larger scale or applied to bulk crops like cereals.
Conservation-by-use programs tying local people’s incomes to non-timber forest
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products like bushmeat or fuelwood harvesting may only delay the adoption of
less environmentally impactful livelihoods.298,358

SUPPORT ING  MODERN IZAT ION

e intensification and substitution processes described above occur in a context
of socioeconomic change, broadly referred to as modernization. Urbanization,
income and consumption growth, and a shift from subsistence farming to manu-
facturing and services all underpin decoupling. ese processes are in turn enabled
by strong institutions, especially a strong state.

Urbanization, income and consumption growth, and a shift from subsistence farming to manu -
facturing and services all underpin decoupling.

Urbanization and agricultural intensification go hand in hand. As agricultural pro-
ductivity rises nationally and internationally, the labor requirement tends to go
down, as do food prices. At the same time, marginal agriculture becomes less and
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less competitive.133,358 Together with increasing opportunities for off-farm employ-
ment, these processes can create a combined push and pull on people, away 
from unproductive, small-scale farming — which is often completely abandoned
— and toward manufacturing or services jobs in cities.133,359,360 is goes hand in 
hand with further consolidation and productivity improvements on remaining
farmland  .

Once in cities, people tend to buy food that comes from commercial farming sys-
tems with yields several times higher than in subsistence farming.360 ese
productivity improvements tend to more than compensate for the increased per-
capita food consumption — with increased overall calorie consumption and more
protein-rich foods — that results from higher incomes, such that the per-capita
land requirement can decline.97

Subsistence farming is not the only ecologically degrading activity abandoned
when people move to the city. Bushmeat hunting, extensive grazing, wild foods
gathering, and fuelwood collection are also largely substituted by lower-footprint
sources of material sustenance. While the drivers of wild meat hunting and
consumption   are complex, evidence from many regions suggests that the relative
price of substitute sources of protein — especially domestic livestock, chicken,
and fish — together with the opportunity cost of hunting are key factors.41,298,361–

365 e highest consumption of bushmeat is found among the rural poor close to
wildlife populations, where the cost of bushmeat is low and domestic farmed meat
is unaffordable. As incomes rise, consumption of both farmed and wild meat can
rise initially, but after some threshold when farmed meat becomes cheaper than
wild meat, consumption of wild meat tends to decline toward zero. Broad and
sustained modernization, therefore, appears to be a long-term solution to the bush-
meat problem.

Urbanization and income growth is also closely linked to people climbing the
energy ladder.366 It is far cheaper to provide electric grid access in cities than in
the countryside.367 As a result, most progress on energy access in recent decades

4 .  T OWA R D  A  N EW  F R AM EWOR K  F O R  C O N S E R VAT I O N



80

THE BREAKTHROUGH INSTITUTE > NATURE UNBOUND: DECOUPLING FOR CONSERVATION > SEPTEMBER 2015

has occurred in cities. In Africa between 1990 and 2010, twice as many people
got access to electricity in cities as in rural areas.368 Even so, urbanization alone is
often not enough. Many poor cities in sub-Saharan Africa, for instance, rely on
charcoal rather than modern forms of energy, with considerable impacts on
forests.369 Income growth and public and private investments in energy infrastruc-
ture are therefore required in order for large numbers of people to climb the energy
ladder and thus reduce pressure on forests.

Finally, fertility rates tend to fall as people move to cities, increase their incomes,
and acquire education.370,371 Modernization and economic growth enables
producers   in agriculture, forestry, and other sectors to adopt better, more envir -
on mentally efficient technologies that are often capital intensive.372,373 And higher
quality of governance means protected areas and other forms of active conservation
can be better enforced.235,374

4.4 LANDSCAPE PLANNING

Decoupling through technological and socioeconomic change, as noted above,
defines the boundary conditions for conservation — how much land and wildlife
is left after human material needs have been met. In this sense, reducing the
amount of environmental impacts per unit of goods and services is the first priority.
When it comes to energy choices, sources with lower land requirements and carbon
emissions should, where possible, be chosen over those with larger impacts. e
same goes for agriculture, forestry, and other sectors: every opportunity for sub-
stitution and intensification should be identified and acted upon to the largest
feasible degree. 

Yet even with accelerated decoupling, food will need to be grown somewhere, met-
als will need to be mined, roads built, and dams constructed. Conservation stands
a better chance of mitigating the impacts of these activities if it engages pragmat-
ically with these economic activities and their stakeholders at a strategic landscape
level, rather than opposing any development in an ad hoc manner.375,376
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is pragmatic approach has two sides: locating production and locating protec-
tion. Conservation organizations have a lot of expertise in the latter, including
biogeography, ecological processes, population viability, and landscape con nec -
tivity. e goal of this systematic conservation planning is to identify a portfolio
of priority areas across a landscape that as much as possible captures the most
unique elements of biodiversity, allows for the persistence of viable populations 
of target species, and allows for resilience in the face of climate change and 
other disturbances  .377

To achieve these targets, conservation can draw on its existing toolbox, including
protected areas, direct payments, and conservation concessions. As noted previ-
ously, these tools are not made obsolete by decoupling, but rather complement it.
At the same time, active protection is made possible by decoupling, which lowers
the opportunity cost of conservation.

As decoupling continues, more and more opportunities emerge for conservation.
Agriculture will be abandoned in marginal areas. e number of people residing
in rural areas worldwide is peaking, and is forecast to decline by at least 500 million
by 2050.378 Rural depopulation can open up new spaces for nature. ese processes
are already ongoing in many parts of the world. Agriculture is receding in Europe
and parts of North and South America.212,379 Wildlife populations are rebounding
where habitats are expanding and hunting pressure is reduced.380

Yet these processes do not automatically lead to conservation. Lower land prices
might be seized upon by urban sprawl. In many tropical regions, rural depopulation
does not translate directly into forest regrowth, as even more extensive practices
like pasture, which have lower labor requirements, take the place of croplands.381

ere are good examples of how conservationists have taken advantage of decou-
pling for rewilding, regrowth, and restoration. e reintroduction of bison to large
swathes of land in Montana and neighboring states is facilitated by low land prices
and rural depopulation.382 ese, in turn, are related to shifts in national and global
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markets for agricultural products. One of the largest floodplain restoration proj-
ects in the Mississippi River basin, that of the Ouachita River in Louisiana, was
made possible when farming in the area became an uneconomic proposition,
resulting in very low land prices, which the US Fish and Wildlife Service and e
Nature Conservancy seized upon.383

Conservation faces a different set of challenges where economic activities are
expanding. Where roads, dams, and mines need to be constructed, the goal is to
design and locate these in the least ecologically harmful way possible. is requires
a proactive approach by conservation organizations.

One example of this is in evidence in the Mekong River in Southeast Asia. Here,
a suite of hydropower dams, with a target for total generation capacity, is slated
for construction with the objective of providing clean energy and a source of export
revenue. Since these dams are likely to cause damage to biodiversity — especially
the fish populations — in the Mekong and its tributaries, Guy Ziv et al. used a
model to find the dam locations that would cause the smallest migratory fish
reductions for any given energy requirement.384 ey found that for a given level
of generation capacity, the impact on fish biomass from using one set of locations
can be several times higher than with another set of locations. By choosing loca-
tions wisely, then, multiple objectives can be optimized so as to result in the
smallest trade-off possible, or at least avoid the developments pathways with the
highest biodiversity costs for any given level of generation capacity.

On the ground, decoupling and landscape planning often blend together. A single
project may steer people’s resource use away from a biologically rich area while at
the same time allowing them to increase their crop yields or gain off-farm employ-
ment. Direct payments conditional on the non-degradation of a forest can give
people the financial means of moving from fuelwood collection to electrical grid
access, thereby doubly achieving forest protection. Conservation organizations can
help identify areas where agricultural intensification would lead to the least damage
to biodiversity, and then work with local and national governments as well as cor-
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porations to invest in infrastructure, financial support, and regulation that “crowds
in” agricultural production in the target region, while establishing protected areas
on land with higher conservation value.

Conservation organizations may promote the construction of hydroelectric dams
or oil refineries to substitute electricity or liquefied petroleum gas (LPG) for fuel-
wood and charcoal while also working to situate the dams and refineries in the
least damaging location possible. Similarly, road construction can be a precondi-
tion for agricultural intensification in target regions, but at the same time needs
to be designed and located in the landscape so as to minimize harm to species and
habitats.385 Working with agricultural intensification, energy access, and other
elements   of decoupling thus becomes inseparable from a broader strategy for land-
scape planning.

4.5 INNOVATION ON THE TECHNOLOGICAL FRONTIER

Increasing adoption of existing low-impact technologies, along with landscape-
level planning, can go a long way toward peak impact and local conservation
success. But in the longer run, the envelope of technological possibility, and thus
ultimately of global conservation, is pushed forward by innovation, radical and
incremental. Examples of radical innovation include new seed varieties that enable
higher crop yields, synthetic fertilizer that cuts the land requirement of food pro-
duction by up to half, and nuclear power that provides low-carbon baseload
electricity. New seed varieties alone are estimated to have spared 18 to 27 million
ha since 1965, corresponding to a land area up to twice the size of England.386

Over the last two centuries, societies have transitioned in their energy production
from biomass to coal to natural gas and petroleum to nuclear, wind, and solar
power, reducing the carbon intensity of energy along the way.387 Transport systems
have evolved from horse and buggy to canals to railroads to automobiles and
aviation  . “Technological change,” write Dominique Foray and Arnulf Grübler,
“could offer reductions in the resource, materials, and environmental intensiveness
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of industrial societies that are not only marginal, but rather are by orders of
magnitude  .”388 As technological systems are reinvented in the 21st century, there
is every chance of substantially reducing the human footprint on the environment
in the process.

In the longer run, the envelope 
of technological possibility, 

and ultimately of global conservation, 
is pushed forward by innovation.

Markets are important drivers of innovation, yet the historical record shows that
many important technologies trace their origins back to non-market environments,
such as government agencies,389 monopolies390 (which are shielded from market
competition), and universities.391,392 In these conditions, innovation is not diffuse
and organic, as in competitive markets, but rather willed, mission-oriented, 
and often involving collective action toward public goods. e upshot of this his-
torical insight is that further acceleration of decoupling trends can be achieved by
concrete action on the part of conservation organizations, government agencies,
and other actors.

Research and development underpinning radical innovations, in particular, are
more likely to take place outside competitive markets since it is often uncertain,
expensive, and time-consuming.393 For instance, many of the information and
communications technologies that have become so central to today’s economies
were developed over many decades in government labs and agencies, or in public-
private partnerships — often driven by the decidedly non-market imperative of
national security.394 e rapid and widespread changes in farming technology
known as the Green Revolution had their origins in a set of particular technologies
developed in a philanthropic setting, and their subsequent diffusion across 
the globe was driven in part by political and humanitarian concerns.395 Still 
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today, a majority of global investment in agricultural innovation comes from the
public sector.396

More practically, there are several ways in which conservation organizations can
engage with innovation. ey can advocate for and support targeted public invest-
ments in key decoupling technologies like low-carbon energy, precision farming,
and biotechnology. In the United States, federal institutions like the Department
of Energy and ARPA-E, along with the national labs, play an important role in
clean energy innovation — with more funding, they could help accelerate long-
term decarbonization through cheaper and more functional nuclear and solar
power, carbon capture and storage, and so forth. e same goes for the many
national or international institutions for agricultural innovation, such as CGIAR.
In some cases, environmental regulation or market-based mechanisms like pricing
or trading schemes may spur innovation, at least of the incremental kind.397–399

Finally, it should not be out of the question for conservation organizations to col-
laborate with corporations to accelerate innovation in key areas like agriculture,
energy, pollution control, and water. Bt cotton, a genetically modified form of
cotton that eliminates the need to use broad-spectrum insecticides, with attendant
environmental advantages,400 was developed by a private corporation.

Innovation and adoption of technology are in many cases closely related. Many
environmentally benign technologies are held back in their adoption because they
are too expensive, functionally inferior, or not adapted to the local context. is
creates a trade-off between environmental impact and economic development that
tends to be resolved in favor of the latter. To minimize this trade-off, innovation
is required to make technologies cheaper, more functional, and better adapted to
the needs of the users.

is applies to most of today’s low-carbon energy technologies, which are generally
more expensive than their fossil counterparts.401 Without innovation to address
these shortcomings, the diffusion of these technologies will remain limited. e
upshot of this is that many reasons exist to innovate on low-impact technologies
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that do not have to do with the environment. A large share of the decoupling
observed so far has been achieved not through demands for environmental pro-
tection, but as a result of the imperative to develop better, cheaper, and more
abundant goods and services. is is something conservation organizations can
take advantage of, by creating new coalitions with non-environmental organiza-
tions or interest groups.

4.6 LEGITIMACY, GOVERNANCE, AND CONSERVATION
IN THE 21ST CENTURY

e new framework offers a strategy to achieve peak impact. e four elements
all work together: decoupling through intensification and substitution, modern-
ization, landscape planning, and innovation on the technological frontier.

No part of the broader decoupling framework can be imposed from on high. 
It must be embraced by societies, as well as their governing institutions. While
recognizing that there will always be losses as well as gains, losers as well as winners,
developmental, decoupling, and conservation efforts must all seek popular legiti-
macy and continuous improvements in respect for human rights and social justice.

ere has been a sea change in conservation practice over the last century. Parks
and protected areas, starting in the United States in the 19th century and spreading
to Africa and other regions in the 20th century, were often imposed top-down
with little or no consultation with local inhabitants and often involving their out-
right eviction.272 Today, leading conservation NGOs have become increasingly
sensitive to the needs and rights of local communities, and the need for appropriate
compensation and support. Beyond greater sensitivity to local communities, con-
servation NGOs have over the last decades increasingly recognized the necessity
of national economic development alongside conservation efforts.11

ere has been a range of recent efforts to align economic development and con-
servation. In the Democratic Republic of the Congo, Virunga National Park is
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building a hydroelectric dam to produce power for communities living near the
park with financing from the Howard Buffett Foundation.402 e Nature
Conservancy advises nations around the world on how to best site hydroelectric
dams to reduce their environmental impacts.403 And in Brazil and Southeast Asia,
conservation NGOs are working with governments, multinational food compa-
nies, and local farmers to reduce deforestation by improving yields and
concentrating production on already cleared land. Although in some cases it is too
early to know the effects of these efforts on development and biodiversity, they are
all signs that conservation organizations are already moving toward embracing
decoupling and the broader framework described in this paper.

No conservation framework can eliminate
trade-offs entirely, but the goal of peak 
global environmental impact is realistic 

and inspiring — a framework with 
cross-national and cross-cultural appeal.

Governments, companies, and conservation NGOs all have much to gain from a
framework that reduces trade-offs between development and the environment. No
conservation framework can eliminate trade-offs entirely, but a goal of peak global
environmental impact is realistic and potentially inspiring — a framework with
cross-national and cross-cultural appeal. A better understanding and use of decou-
pling processes could help nations better achieve their development and
conservation outcomes than the status quo. As such, we hope this framework con-
tributes to the development of a wider, and wiser, process of modernization and
conservation in the 21st century.
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