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Abstract

The connected nature of social-ecological systems has never been more apparent than in today’s
globalized world. The ecosystem service framework and associated ecosystem assessments aim to
better inform the science—policy response to sustainability challenges. Such assessments, however,
often overlook distant, diffuse and delayed impacts that are critical for global sustainability.
Ecosystem-services science must better recognise the off-stage impacts on biodiversity and
ecosystem services of place-based ecosystem management, which we term ‘ecosystem service
burdens’. These are particularly important since they are often negative, and have a potentially
significant effect on ecosystem management decisions. Ecosystem-services research can better
recognise these off-stage burdens through integration with other analytical approaches, such as
life cycle analysis and risk-based approaches that better account for the uncertainties involved. We
argue that off-stage ecosystem service burdens should be incorporated in ecosystem assessments
such as those led by the Intergovernmental Platform on Biodiversity and Ecosystem Services and
the Intergovernmental Panel on Climate Change. Taking better account of these off-stage burdens
is essential to achieve a more comprehensive understanding of cross-scale interactions, a pre-
requisite for any sustainability transition.

1. Introduction continues unabated with unpredictable impacts on

present and future generations [1-3]. The connectivity
The increasing human footprint on Earth and ofsocial-ecological systems is shaping these impacts in
subsequent decline of Earth’s life-support systems multiple ways, including the growing metabolism of

© 2017 The Author(s). Published by IOP Publishing Ltd
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cities [4, 5], increased long-distance flows of resources,
people (e.g. refugees and migrants) and information
[6], increased reliance on final and embedded imports
and exports of natural resources (e.g. water, fiber,
fisheries, minerals, fossil fuels) [2, 7, 8], growing
carbon emission transfers [9], and the dispersal of
animal and plant infectious diseases via the introduc-
tion of non-native species through trade [10, 11].
Earth is a large, coupled human and natural system
consisting of many smaller coupled social-ecological
systems linked in complex ways through flows of
information, matter and energy [12—14].

These unprecedented spatial interdependencies
link the management of ecosystems and the wellbeing
of people in distant places [15, 16]. Neglecting the
cross-scale effects of production and consumption
patterns will have undesired and unexpected con-
sequences for ecosystems and societies, now and in the
future, and will jeopardise achieving the Sustainable
Development Goals (SDGs). Disregarding cross-scale
effects in ecosystem governance also affects local and
regional sustainability. For instance, greenhouse gas
emission abatement programs incentivising biofuel
imports in one region can indirectly impact biodiver-
sity, ecosystem structure and the wellbeing of people
where biofuel crops are grown [17]. In seascapes,
marine conservation in one region may increase the
dependence on seafood imports from fishing grounds
and aquaculture in regions that are weakly regulated,
undermining their biological sustainability and the
livelihoods of fishing communities [18].

Aspects of such cross-scale or off-site effects are
increasingly acknowledged through the concept of
‘leakage’—in which interventions to reduce environmen-
tal pressures at one site may be locally successful, but also
displace and increase these pressures elsewhere—in
research fields such as land-system science [19],
sustainability modelling [20], sustainability governance
[15, 21], and industrial ecology [2]. Many decisions are
sensitive to leakage, ranging from climate change
mitigation efforts for Reducing Emissions from Defores-
tation and Forest Degradation (REDD+) [22], the design
of coastal management plans, protected area creation,
design of Payment for Ecosystem Services schemes [23],
and the impacts of renewable energy regulations on
biofuel demand [24]. However, leakage is generally
defined in terms of a single resource stock (e.g. carbon,
forestland, fisheries), and often asa side issue (i.e. aleak to
be plugged). Although some environmental leakage is
receiving increased attention in general terms, quantita-
tive analysis is rarely incorporated into ecosystem-
assessments where cross-scale impacts of place-based
decisions on biodiversity and ecosystem services are still
barely considered [25, 26]. Further, acknowledging
environmental leakage problems itself does not necessar-
ily imply any accounting for such impacts [22, 24].

Here we suggest that place-based ecosystem
management creates off-site and out-of-scope issues
that transcend what is referred to as leakage in most
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environmental policy discourse. These are (i) systemic
and affect multiple ecosystem properties beyond the
realm of any single resource or sector (e.g. carbon,
fishery); (ii) more difficult to identify as they can alter
the flows and trade-offs among multiple ecosystem
services in the non-intervening ecosystem; (iii) more
uncertain due to diffuse and cumulative cross-scale
impacts in the context of ecosystem threshold effects
or tipping points, (iv) potentially irreversible through
effects on biodiversity; (v) able to affect people’s
quality of life, directly and indirectly, through complex
pathways; and (vi) difficult to measure using existing
approaches and methods. We consider the ubiquitous
and critical nature of ‘off-stage’ ecosystem service
impacts, and strategies for how they can be not only
acknowledged, but be brought into and quantified
within mainstream ecosystem service frameworks.

More than a decade after the publication of the
Millennium Ecosystem Assessment [1], the ecosystem
services approach continues to attract scientific and
policy interest [27, 28]. Many related policy initiatives
are emerging, including the Aichi targets of the
Convention on Biological Diversity, the Intergovern-
mental Science-policy Platform on Biodiversity and
Ecosystem Services (IPBES) [29], a growing number
of sub-global ecosystem assessments, and the rapid
spread of new policy instruments for conservation
such as Payments for Ecosystem Services programs,
including REDD+ [30]. Yet, the ecosystem service
framework cannot address profound sustainability
challenges if it unintentionally supports decisions that
yield unsustainable negative impacts elsewhere. In
other words, if ecosystem-services science aims to help
understand the effects of ecosystem management on
human wellbeing more broadly and transform
sustainability governance, it must not overlook the
realities of the widespread cross-scale impacts result-
ing from social-ecological teleconnections [31-33].
Recognition of leakage has yet to be more systemati-
cally addressed in assessments and policy processes
such as those underway in the IPBES and the
Intergovernmental Panel on Climate Change (IPCC).
Furthermore, leakage as currently conceptualised
misses broader and more profound cross-scale
impacts. We term these impacts of ecosystem
management on biodiversity and ecosystem services,
off-stage ecosystem service burdens; these may include
leakage, but also refer to broader and more profound
systemic burdens. We frame the need of a new
approach to deal with such off-stage burdens in the
context of global sustainability (not exceeding
environmental limits) as well as considering distribu-
tional outcomes in terms of the groups of people that
become winners and losers from the provision of
ecosystem services and associated burdens.

The objective of the paper is to highlight and
address a key blind spot in ecosystem-services science
and ecosystem assessments, namely the need to
recognize, identify and measure off-stage ecosystem
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service burdens that systematically arise from ecosys-
tem management. We first locate the gap within the
rapidly evolving research agenda on ecosystem
services. Then we focus on the important role of
ecosystem assessments and provide key examples to
illustrate the extent to which they overlook significant
off-stage burdens. Then we suggest alternative but
complementary ways by which off stage ecosystem
service burdens can be identified, and quantified in
ongoing and future assessments, for example those
carried out by the IPBES and the IPCC.

2. Minding the gap between ecosystem-
services science and global sustainability

Advances in ecosystem-services science have yielded
key insights about links between biodiversity, ecological
functions and ecosystem services [34]. Social-ecologi-
cal analyses of economic, cultural and governance
factors [35, 36] have improved the design of cost-
effective and equitable policy instruments to support
the protection of ecosystems and biodiversity [37], and
there has been a thrust in the development of new
accounting systems such as WAVES, the Wealth
Accounting and the Valuation of Ecosystem Services
initiative [38] and new business reporting approaches
[39]. But despite such developments, three kinds of
problems limit the scope of ecosystem-services science
to contribute to the transformative advancement of
global sustainability. First, ecosystem management for
ecosystem services has direct place-based impacts.
There is an unbalanced attention to the final benefits
from ecosystems [1] with less attention to negative
impacts on the species and ecosystem functions
underpinning those benefits [40]. The typical ecosys-
tem-services approach is to delineate a study area,
identify key ecosystem services arising, and assess how
management scenarios are likely to affect those services
in policy relevant units [41]. Negative impacts of the
optimisation of a narrow set of ecosystem services are
often not accounted for, unless they have a measurable
effect on other ecosystem services within the scope of
the study (in the form of trade-offs, e.g. [42]. Even in
such cases, the distribution of impacts across social
groups is seldom accounted for [43, 44].

Second, the impacts of place-based ecosystem
management are frequently diffuse, delayed or
indirect. As a result they are complex and hard to
predict as ecosystem changes often arise from the
cumulative impacts of many interacting biophysical
processes or stressors [45]. Negative impacts from
ecosystem management on non-targeted ecosystem
services, either locally or distantly, are also of a subtle
and diffuse nature due to the way they are co-produced
by people along with other kinds of anthropogenic
assets [46, 47]. For example fossil fuels are used when a
provisioning service such as food is delivered in high-
input intensive human-dominated systems such as
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agriculture. The agricultural system often impacts
other ecosystem services, for example disrupting local
nutrient cycles in ways that may not be felt for decades
(e.g. [48]). Such impacts tend to be overlooked in
ecosystem assessments. Similarly, in coastal areas,
although poor water quality has often been attributed
to contemporary runoff of nitrogen and phosphorus,
the predisposition to a eutrophic state can often also be
traced to historic overfishing, e.g. of abundant filter-
feeding oysters [49]. Despite such cases of multi-
causality, ecosystem-services science still largely
focuses on a limited set of factors assumed to have
non-interacting linear effects, although some effort is
being put to incorporate some of this complexity
through identifying thresholds, regime-shifts and non-
linear impacts (e.g. [50, 51]).

Third, there has been too little attention to wider
cross-scale or cross-location impacts. In particular,
ecosystem assessments are mostly targeted at the
jurisdictional scale (e.g. [41]), rarely focussing on
interconnections across jurisdictions [25, 52]. As a
result, ecosystem assessments tend to disregard those
ecosystem service burdens that transcend local or
national boundaries, and which affect people’s
wellbeing outside the assessments’ spatial or temporal
scope. There is therefore a risk that multiple
uncoordinated local initiatives for ecosystem service
management will lead to larger scale impacts on
ecosystems elsewhere. These effects are likely to be
both unrecorded and unmanaged. In this paper
we explore this third problem, inextricably related to
the previous ones, by assessing the nature of off-stage
ecosystem service burdens and calling for them to be
explicitly addressed in ecosystem assessments.

Table 1 compares our proposed term of ‘off-stage
ecosystem service burdens’ with other terms from the
sustainability science literature to clarify the distinc-
tion and the need to address off-stage burdens over
and above more established phenomena. The terms
are not mutually exclusive but tend to be applied
differently given that they pertain to different
disciplines such as environmental sciences, engineer-
ing and economics.

3. Place-based ecosystem assessments
overlook off-stage ecosystem service
burdens

Most ecosystem assessments have a limited scope since
they tend to overlook the broad and systematic off-
stage (distant, diffuse and delayed) ecosystem service
burdens (figure 1).

Off-stage ecosystem service burdens occur in
various forms. Here we illustrate four typical pathways
based on biodiversity conservation policies, and the
management of provisioning, regulating and cultural
services. First, place-based ecosystem management,
including biodiversity conservation policies, often
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Table 1. Terms relating to environmental burdens due to ecosystem management and policy interventions.
Term Description General scope  Methodological approach
Ecological A measure of the area of land used through consumption and Biophysical Footprint accounting
footprint waste by a country or region over a year [53].
Ecological The amount of materials used during the life cycle of a given Biophysical Material flow analysis (MFA),
rucksack product. Life cycle analysis (LCA)

It includes unseen or hidden upstream flows when obtaining

natural resources [54].
Environmental Situation where one actor’s utility or production function Biophysical, Environmental valuation
externality includes variables whose values are chosen by others, and these Economic

others do not compensate or receive payments relative to the

shifted values [56].
Environmental A displaced or shifted environmental impact from one area Biophysical LCA, Environmental impact
leakage ‘leaked’ into other areas as a result of environmental policies. assessment (EIA)

It is often used in climate policy to reflect the displacement of

greenhouse gas emissions due to the intervention implemented

within an area into other areas [22].
Environmental Environmentally beneficial activities undertaken off-site to Biophysical EIA
offset counterbalance damaging impacts from resource extraction or

development [55].
Off-stage All the spill-over ecosystem services impacts (and associated Biophysical and Ecosystem assessments,
ecosystem effects on people) of ecosystem management within a place, over  socio-economic Ecological LCA, MFA, risk

service burden  time and space. They include distant, diffuse and delayed impacts. based EIA

Ecosystem service burdens

Deforestation in the tropics due to

[7) Chinese and European biomass imports
2 J
'# Displaced fishing pressure to Effect of international tourism
T West African waters on climate regulation
£
I~
-]
£
Y >
b
[T Increase of forest land cover and
'7”! associated regulation services in
China and Europe
% Recovery of fish stocks and \ I 'ﬁ" / Increased investment in
>, associated provisioning cultural services (e.g. tourism)
% services in Europe based Ecosisltem ASSesS in Southern Africa
e, ,
Q\o‘» : e"’.r

s
External impacts on local ecosyste™

Figure 1. Current ecosystem-services assessments focus on the benefits, trade-offs and synergies provided by ecosystem services
within a delimited (often jurisdictional) boundary (green arrows) and the impacts that human activities have over such ecosystem
services therein (grey arrows). Ecosystem assessments tend to overlook off-stage ecosystem service burdens (red arrows) of place-
based ecosystem management decisions, as they often occur in distant places (see supplementary material available at stacks.iop.org/
ERL/12/075001/mmedia for more detail on the examples presented here and others) as well as their feedbacks (e.g. due to climate
change) on local ecosystem (bottom arrow re-entering the smaller white ellipse). All images in figure 1 are catalogued as CCO Public
Domain (Creative Commons), extracted from Pixabay (photographers: Alexas, Dpatdfci, NickJack and Valiunic) and Wikipedia
(photographers: Clipper and Hayden).

leads to ecosystem service burdens elsewhere that tend as the Natura 2000 network, which potentially
to be invisible to local stakeholder groups. For displaces agricultural production to landscapes out-
example, European policies for biodiversity conserva-  side of Europe, from which commodities (e.g. food,
tion require the establishment of protected areas, such  feed, fibre and biofuel) are increasingly imported. It is
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well known that displaced agricultural expansion to
places such as tropical forest frontiers has direct
impacts on biodiversity and reduces forest carbon
sequestration, with local consequences as well as wider
implications, for example for global climate regulation
[57]. Similarly, actions to establish marine protected
areas at one site creates negative spill-over effects on
other marine sites [18]. For instance, the protection of
coral reefs in Australia might be increasing fish
imports into the country, adding pressure on fisheries
elsewhere [58]. However, most ecosystem assessments,
have focused on the effectiveness of local biodiversity
management, without acknowledging cross-scale
impacts of management policies (e.g. [59]). Likewise,
fishing restrictions in Europe have displaced pressure
to West African waters adding to provisioning service
burdens there which are often unaccounted in Europe-
led ecosystem assessments (figure 1). These types
of negative off-stage impacts associated with displaced
production and/or extraction are part of the ‘burden’
of biodiversity conservation policies in many coun-
tries [60].

Second, off-stage burdens can arise from the
management of provisioning services. Many examples
related to agricultural production exist and are
mentioned throughout the paper and in the online
supplementary information. For instance, certain
livestock management policies have favoured intensive
practices whereby grazing or browsing animals are
increasingly kept indoors with artificial food and light.
In turn, this implies ecosystem services burdens
hidden in the form of virtual water associated with the
imports of feed such as maize, sunflower seed and soya
beans [61].

Third, off-stage ecosystem service burdens arise
typically from the management of regulating services
such as those related to climate and water flows. There
is literature on carbon leakage problems through
commodity trade [62] and via land based carbon
management through e.g. REDD+ [22]. There are
also impacts of demand for renewable energy such as
biofuels in developed countries promoting the
expansion of oil palm plantations in Southeast Asia
and Latin America with high impacts on tropical
forests biodiversity and ecosystem services and the
wellbeing of local communities [63, 64]. Similarly,
there are off-stage water regulating service burdens
through agricultural commodity trade [8, 32, 65]. For
example, Canada is a major net exporter of virtual
water worldwide [66], and exports of agricultural
commodities from Canada have implications for other
forest-based ecosystem services such as flood control,
water filtering and carbon storage in the country [67].
Likewise, within the USA, domestic policies regarding
intersectoral access to water and rural-urban water
allocation do not account for the impacts of demand
for virtual water through agricultural commodity
production, in turn associated with the overexploita-
tion of aquifer systems in key ecological areas such as
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the High Plains, Mississippi Embayment, and Central
Valley [68]. Surprisingly though, ecosystem assess-
ments hardly account for the fact that land use policies
displace impacts of the exploitation of water-related
ecosystem services elsewhere [13].

Fourth, ecosystem management for the supply of
cultural services generates off-stage ecosystem service
burdens. For example, in coastal regions of Kenya,
economic valuation of cultural services including
wildlife tourism dwarf local biodiversity use-values
[69], a fact often used to support arguments for the
conservation of their biodiversity rich ecosystems.
However, such ecosystem service values fail to
recognise that tourism is coupled with diffuse negative
impacts on ecosystem services in other regions
through air-travel emissions and climate change, as
well as direct impacts of tourism infrastructure on
local ecosystems and the flows of locally co-produced
food, water or other provisioning services [70].
Tourism in the Antarctic provides another example,
where travel agencies promote ecotourism as an
ambassador for conservation, without acknowledging
or compensating for the emission and consumption
‘burden’ of tourist visits, particularly their contribu-
tions to the climate change that threatens the
same fragile Antarctic ecosystems tourists want to
enjoy [71].

Since the Millennium Ecosystem Assessment [1]
was launched, there have been sustained efforts to
assess changes in biodiversity and ecosystem services
in different parts of the world, including through an
increased number of sub-global assessments (SGA)
[72]. However, generally, such assessments have
overlooked the breadth of off-stage ecosystem service
burdens (e.g. [41]) (see supplementary information
material for examples). For instance, increased
demand for forest conservation and wood products
in European countries—such as in the case of boreal
forests in Finland—have placed increasing pressure
and had negative ecological impacts on neighbouring
forests in Russia, which in turn impact migratory
species in boreal forests in Finland [73]. While the
SGA study from Finland does calculate the value of
forest recreation infrastructures through national
parks [74], the cost of the ecosystem service burdens
on Russian forest ecosystems are not acknowledged.
Similarly, Japan’s land management and economic
activities create pressure on ecosystems in other
regions of the world through imported virtual water
[32] and embodied land [75]. However, the often
praised Japanese Satoyama—Satoumi SGA [76] does
not identify burdens on distant ecosystems. At the
subnational scale, including the municipal level,
studies such as the SGA of the Basque Country
[77], focus on characterising landscapes supplying
multifunctional ecosystem services but ignore the
ecosystem service burdens associated with the
dependence on natural resource imports from distant
places which ultimately help achieve conservation
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goals regarding local multi-functional landscapes [64].
If the impacts of natural resource imports were
accounted for in the Basque SGA it is likely that the
resulting domestic ecosystem management would
yield different results as the ones currently depicted.

4. Addressing off-stage ecosystem service
burdens

For global sustainability to be achieved, ecosystem
assessments and associated policy tools need to
account for and measure impacts on ecosystems
and people across sites and scales. The present lack of
attention to off-stage burdens is partly because of the
methodological difficulties and information costs
involved in systematically addressing them and due
to the absence of effective institutions that enforce
liability for such burdens, but partly also because they
have not been recognized as important components in
ecosystem assessment frameworks (e.g. [1, 29]). We
identify four approaches for science and decision-
makers to better integrate understanding of system
interconnectivity towards assessing off-stage ecosys-
tem service burdens:

(i) Use proxies for off-stage (distant, diffuse and
delayed) spill-over impacts including ‘virtual
water, or ‘CO, equivalent emissions’. Databases
and tools on international trade, e.g. the United
Nations  FAOSTAT  (http://faostat3.fao.org),
Comtrade databases (http://comtrade.un.org),
and the Observatory of Economic Complexity
(http://atlas.media.mit.edu), —among others,
could be used to estimate these, although only
approximately, as it is impossible to accurately
quantify all off-stage impacts. However, begin-
ning to acknowledge the materiality of such
impacts would expose the extent of ecosystem
service burdens and could stimulate more
precise measurement systems. Further, the
unpredictable nature of ecosystem service bur-
dens requires the adoption of a precautionary
approach. When ecosystem-services science
cannot attribute impacts with certainty to
individual drivers of change, it could character-
ize the risk of cumulative impacts posed by
each [45].

(ii) Develop ecological based LCA [78, 79] methods
that incorporate diffuse ecosystem service
impacts. LCA, standardized through ISO proto-
cols, involves comprehensive assessment across
entire commodity chains of the factors that
contribute to stress or change in ecosystems
(‘mid-point impacts; e.g. global warming poten-
tial). It considers diverse impacts, including
distant ones, of activities such as extraction of
raw natural resources, waste disposal or recycling,
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manufacture and distribution, but without char-
acterizing the final consequences for ecosystems
and associated services [80]. Pairing the current
ecosystem assessments with ecological LCA could
involve mapping out and characterizing the
extent and magnitude of the risks of impacts
posed by place-based management of ecosystems
across different regions. Assigning risks to distant
ecosystems would differ from existing efforts to
account for the ecosystem services that contribute
to industrial production of final goods and
services (e.g. [81]). An ecosystem services-cen-
tered LCA approach, could characterize conse-
quences of the management of, for example, a
marine protected area, considering how biologi-
cal productivity there may contribute to goods
and services, such as scuba diving eco-tourism
(cultural ecosystem services), but also other
factors including potential mid-point pollution
impacts on marine life elsewhere, e.g. through
eutrophication potential as an ecosystem service
burden, where management standards are lower.
This would possibly also require building on data
and tools from other approaches that track
resource flows across geographical scales [14, 33],
for example approaches that deal with global
material flow analysis [2, 32]. Eventually though,
complementary innovative approaches need to
be developed that go beyond existing tools, to
address impacts whose significance remains un-
certain, for example those arising from the
introduction of non-native species or pathogen
as well as the unintended disruption of un-
recognized and fragile ecosystems.

(iii) When a country or region exports natural
resources and thus suffers domestically from an
ecosystem service burden, such country could
develop an ecosystem-centred accounting ap-
proach within its national jurisdiction. ‘Inclusive
wealth’ accounting procedures are being devel-
oped [82] and refined by the World Bank WAVES
project (www.wavespartnership.org) [38]. There
are also efforts underway to include condition
metrics for ecosystems via the UN System of
Environmental-Economic Accounting (unstats.
un.org/unsd/envaccounting/seea.asp). However,
we lack precautionary, risk-adjusted, inclusive
wealth accounts that could account for domestic
off-stage burdens, and new natural science met-
rics are needed to evaluate the condition of
ecosystems for multiple services and to focus on
those most at risk [83]. This approach would
focus on the state of ‘source ecosystems, and
monitor their condition over time, seeking to
detect the point at which further ecosystem
service exports might place future supplies at
risk, i.e. to track their proximity to tipping points
or other kinds of deleterious thresholds across
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multiple ecosystem services. For example, instead
of different countries independently recording
the imports of palm oil or timber from tropical
forests and adding totals up, assessments would
add biophysical risk factors regarding the likeli-
hood of impacts in terms of ecosystem flows
from extracting stocks of palm oil or hardwood
trees in the source ecosystems (including carbon-
sequestration or water regulation). Such risk-
adjusted inclusive wealth accounts should ideally
link to cross-national accounts. Importing
nations (of raw materials and ecosystem services)
would account for the impact of their import
decisions on off-site natural capital assets and
associated ecosystem services most at risk.

(iv) Harmonize methodological aspects from other
well-established research fields concerned with
environmental impacts and risk analysis and
facilitate information about the potential inter-
nalisation of ecosystem service burdens across
time and space into policy. This would require
bridging other sustainability research fields to
complement current ecosystem assessments, for
instance reaching out to fields that focus on
environmental impact analysis [84], including
area-based land footprint accounting, and
hybrid physical and monetary environmentally
extended (multi-regional) input-output analysis
[65]. Recent advances in integrated assessments
models [85] could also contribute to this task
by identifying resource flows and ecosystem
services trade-offs across distant places.

5. Conclusions

In a telecoupled planet, accounting for systematic oft-
stage (distant, diffuse and delayed) ecosystem service
burdens is essential for transitioning towards global
sustainability and for living within critical biophysical
boundaries [51]. Ecosystem-services science and
ecosystem assessments in particular, fall short from
recognizing and quantifying ubiquitous off-stage
impacts of placed-based ecosystem management
actions and decisions that generally have impacts
outside the jurisdictional or biophysical scale of
ecosystem assessments. Such impacts may affect
ecosystem properties so as to bring distant ecosystems
closer to biophysical thresholds, or may directly
reduce the wellbeing of people in distant areas now
and in the future, who may be invisible to decision-
makers at the local or jurisdictional scale. The
recognition and quantification of currently hidden
ecosystem service burdens is a first step in addressing
this gap.

Off-stage ecosystem service burdens may well be
an inconvenient truth, but neglecting them does not
help to avoid their impacts. We argue for a transition
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towards an ecosystem-services science that explicitly
seeks to uncover off-stage ecosystem service burdens.
Meaningfully accounting for such burdens would have
far-reaching policy implications. For example,
REDD+ initiatives in developing countries already
reflect the ambition to make forest conservation
governance global rather than place-based, in initial
recognition of the risk of carbon leakage. Similarly,
there is a need for robust accounting of non-carbon
related ecosystem-service burdens and their impacts
on people, to meaningfully connect REDD+- to global
sustainability. At present, existing carbon offsetting
strategies are only linked to greenhouse gas emissions
at source in industrialised countries with an incipient
call for accounting for multiple global ecosystem and
social impacts. Other polices that hinge on the
potential use of ecosystem service frameworks, such
as on biofuel subsidies, the Common Agricultural
Policy in Europe, or international fishery agreements
ought to be revised to account for off-stage ecosystem
services impacts. This would be supported by greater
public awareness and accountability (e.g. the oil palm
industry with respect to downstream products, or
pension investment funds) and due to higher-scale
governance regimes (e.g. of fisheries, climate, or
forests) that include management dimensions at
national/regional/global scales and so explicitly seek
to account for different forms of off-stage burdens.

Beyond sectoral environmental leakage, off-stage
burdens are still largely underestimated in terms of
diversity and significance in ecosystem-services
science, so there is a need for assessments (and
academic work ahead of such assessments) to work
out how to handle this methodologically. In addition,
mainstreaming the importance of off-stage ecosystem
service burdens requires a greater awareness among
consumers, governments and industry. For example,
although some companies are improving global
environmental management through standard cor-
porate reporting [39] and voluntary pledges to
promote ‘zero deforestation’ in the production of
oil palm (e.g. [86]), many producers are also shifting
to consumer markets with fewer sustainability
requirements (e.g. Indonesia, China, India) and
continuing business-as-usual practices [87]. Perhaps
the moral principle of responsibility for such burdens
could develop into increased legal responsibility via
environmental regulations and court cases for
damages elsewhere [88]. In such a context, global
sustainability requires moving towards transnational
environmental governance regimes, and this cannot
be achieved under an ecosystem services lens that
disregards off-stage ecosystem service burdens.

In the knowledge-policy interface there is a good
opportunity for recognizing and embracing the tools
and implications of tackling off-stage ecosystem
service burdens. One such opportunity is with
the Intergovernmental Platform on Biodiversity
and Ecosystem Services (IPBES) to acknowledge
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social-ecological telecouplings across all scales,
within their assessments. This would enhance the
potential to inform opportunities for the sustainable
ecosystem use and sustained wellbeing of people
across the planet and identify the methodological
challenges of assessing off-stage ecosystem service
burdens. Similarly, implementing the Aichi targets
of the Convention of Biological Diversity, should
account for the unintended burdens that may be
posed by nationally determined conservation poli-
cies if they disregard off-stage impacts.

The ecosystem services approach holds promise to
communicate societal dependence on ecological life-
support systems and to move towards a more
sustainable future. However, its current application
—without due account for the diversity and magni-
tude of off-stage burdens—fails to render visible the
connections between changing lifestyles, expanding
extraction frontiers associated with increased meta-
bolic rates of natural resources, and off-stage impacts
on ecosystem services, including the impacts on well-
being of people in distant locations or future times.
Unless connected in a systematic and meaningful way
to the underlying social-ecological causes and effects
of ecosystem service burdens, ecosystem-services
science risks only scratching the surface of today’s
most pressing global sustainability challenges. It is thus
imperative to recognize off-stage burdens, and that
they are often borne by people who tend to be ignored
by current and dominant ways of thinking about
ecosystem services frameworks and approaches. To
ignore the full breadth of off-stage ecosystem services
burdens undermines the value of the ecosystem
services framing as a lens for focusing efforts towards
global sustainability.

Acknowledgments

We would like to thank two anonymous reviewers for
their helpful comments and suggestions. Thanks are
also owed to Ortzi Akizu for graphical assistance.
Funding for a workshop was supported by the
European Union within the project EcoFINDERS
(grant no. FP7-264465), by a postdoctoral research
grant from the Basque government to EG and a Juan
de la Cierva Formacién grant from the Spanish
Ministry of Economy and Competitiveness to IP.
Certain images in this publication have been obtained
by the author(s) from the Wikipedia/Wikimedia
website, where they were made available under a
Creative Commons licence or stated to be in the public
domain. Please see individual figure captions in this
publication for details. To the extent that the law
allows, IOP Publishing disclaim any liability that any
person may suffer as a result of accessing, using or
forwarding the image(s). Any reuse rights should be
checked and permission should be sought if necessary
from Wikipedia/Wikimedia and/or the copyright

W Letters

owner (as appropriate) before using or forwarding
the image(s).

References

[1] MA 2005 Millennium Ecosystem Assessment—Ecosystems
and Human Well-being: Biodiversity Synthesis (Washington,
DC: Island Press)

[2] Wiedmann T O, Schandl H, Lenzen M, Moran D, Suh S,
West ] and Kanemoto K 2013 The material footprint of
nations Proc. Natl Acad. Sci. USA 112 62716

[3] Hoekstra A'Y and Wiedmann T O 2014 Humanity’s
unsustainable environmental footprint Science 344 1114-7

[4] Guo Z, Zhang L and Li Y 2010 Increased dependence of
humans on ecosystem services and biodiversity PLoS One 5
el3113

[5] Seto K C, Reenberg A, Boone C G, Fragkias M, Haase D,
Langanke T and Simon D 2012 Urban land teleconnections
and sustainability Proc. Natl Acad. Sci. USA 109 7687-92

[6] Adger W N, Eakin H and Winkels A 2009 Nested and
teleconnected vulnerabilities to environmental change Front.
Ecol. Environ. 7 150-7

(7] Villoria N B and Hertel T W 2011 Geography matters:
international trade patterns and the indirect land use effects
of biofuels Am. J. Agric. Econ. 93 919-35

[8] Dalin C, Wada Y, Kastner T and Puma M ] 2017
Groundwater depletion embedded in international food
trade Nature 543 700—4

[9] Peters G P, Minx ] C, Weber C L and Edenhofer O 2011
Growth in emission transfers via international trade from
1990 to 2008 Proc. Natl Acad. Sci. USA 108 8903-8

[10] Hulme P 2009 Trade, transport and trouble: managing
invasive species pathways in an era of globalization J. Appl.
Ecol. 46 10-8

[11] Perrings C 2016 Options for managing the infectious
animal and plant disease risks of international trade Food
Sec. 8 27-35

[12] Ostrom E 2009 A General framework for analyzing
sustainability of social-ecological systems Science 325 419-22

[13] Burger J R et al 2012 The macroecology of sustainability
PLoS Biol 10 €1001345

[14] Liu J et al 2015 Systems integration for global sustainability
Science 347 6225

[15] Challies E, Newig J and Lenschow A 2014 What role for
social-ecological systems research in governing global
teleconnections? Glob. Environ. Change 27 32—40

[16] Lenschow A, Newig ] and Challies E 2015 Globalization’s
limits to the environmental state? Integrating telecoupling
into global environmental governance Environ. Polit. 25
136-59

[17] Hammond G P and Seth S M 2013 Carbon and
environmental loading of global biofuel production Appl.
Energ. 112 547-59

[18] Hilborn R 2013 Environmental cost of conservation
victories Proc. Natl Acad. Sci. USA 110 9187-7

[19] Friis C, Nielsen J @, Otero I, Haberl H, Niewdhner ] and

Hostert P 2015 From teleconnection to telecoupling: taking

stock of an emerging framework in land system science

J. Land Use Sci. 11 1-23

Kissinger M and Rees W E 2010 An interregional ecological

approach for modelling sustainability in a globalizing world

—Reviewing existing approaches and emerging directions

Ecol. Model. 221 2615-23

[21] Biermann F et al 2012 Transforming governance and

institutions for global sustainability: key insights from the
earth system governance project Curr. Opin. Environ.

Sustain. 4 51-60

Atmadja S and Verchot L 2012 A review of the state of

research, policies and strategies in addressing leakage from
reducing emissions from deforestation and forest degradation

(REDD+) Mitig. Adapt. Strat. Glob. Change 17 311-36

(20

(22



https://doi.org/10.1073/pnas.1220362110
https://doi.org/10.1126/science.1248365
https://doi.org/10.1073/pnas.1117622109
https://doi.org/10.1890/070148
https://doi.org/10.1093/ajae/aar025
https://doi.org/10.1038/nature21403
https://doi.org/10.1073/pnas.1006388108
https://doi.org/10.1111/j.1365-2664.2008.01600.x
https://doi.org/10.1007/s12571-015-0523-0
https://doi.org/10.1126/science.1172133
https://doi.org/10.1126/science.1258832
https://doi.org/10.1016/j.gloenvcha.2014.04.015
https://doi.org/10.1080/09644016.2015.1074384
https://doi.org/10.1080/09644016.2015.1074384
https://doi.org/10.1016/j.apenergy.2013.01.009
https://doi.org/10.1073/pnas.1308962110
https://doi.org/10.1080/1747423x.2015.1096423
https://doi.org/10.1016/j.ecolmodel.2010.07.003
https://doi.org/10.1016/j.cosust.2012.01.014
https://doi.org/10.1007/s11027-011-9328-4

I0P Publishing

Environ. Res. Lett. 12 (2017) 075001

[23] Friess D A, Phelps J, Garmendia E, and Gémez-Baggethun
E 2015 Payments for Ecosystem Services (PES) in the face
of external biophysical stressors Glob. Environ. Change 30
31-42

[24] Ostwald M and Henders S 2014 Making two parallel land-
use sector debates meet: carbon leakage and indirect land-
use change Land Use Policy 36 533—42

[25] Seppelt R et al 2011 A quantitative review of ecosystem
service studies: approaches, shortcomings and the road
ahead J. Appl. Ecol. 48 6306

[26] Burkhard B, Kroll F, Nedkov S and Miiller F 2012 Mapping
ecosystem service supply, demand and budgets Ecol. Indic.
21 17-29

[27] Guerry A D et al 2015 Natural capital and ecosystem
services informing decisions: From promise to practice
Proc. Natl Acad. Sci. USA 112 7348-55

[28] Polasky S, Tallis H and Reyes B 2015 Setting the bar: standards
for ecosystem services Proc. Natl Acad. Sci. USA 16 24

[29] Diaz S et al 2015 The IPBES conceptual framework—
connecting nature and people Curr. Opin. Environ. Sustain.
14 1-16

[30] Naeem S et al 2015 Get the science right when paying for
nature’s services Science 347 1206—7

[31] Lopez-Hoftman L, Varady R G, Flessa K W and Balvanera P
2009 Ecosystem services across borders: a framework for
transboundary conservation policy Front. Ecol. Environ. 8
84-91

[32] Hoekstra AY and Mekonnen M M 2012 The water footprint
of humanity Proc. Natl Acad. Sci. USA 109 3232—7

[33] Liu J, Wu Yand Li S 2016 Framing ecosystem services in the
telecoupled Anthropocene Front. Ecol. Environ. 14 27-36

[34] Cardinale B ] et al 2012 Biodiversity loss and its impact on
humanity Nature 486 59—67

[35] Bennett E M et al 2015 Linking ecosystem services to
human well-being: three challenges for designing research
for sustainability Curr. Opin. Environ. Sustain. 14 76-85

[36] Wieland R, Ravensbergen S, Gregr E ] and Chan KM A
2016 Debunking trickle-down ecosystem services: the fallacy
of omnipotent, homogeneous beneficiaries Ecol. Econ. 121
175-80

[37] Pascual U, Phelps J, Garmendia E, Brown K, Corbera E,
Martin A, Gomez-Baggethun E and Muradian R 2014
Social equity matters in payments for ecosystem services
Bioscience 64 1027-36

[38] WAVES partnership 2015 Wealth Accounting and the
Valuation of Ecosystem Services (WAVES) Annual Report
(Washington, DC: World Bank) pp 104

[39] Kareiva P M, McNally B W, McCormick S, Miller T and
Ruckelshaus M 2015 Improving global environmental
management with standard corporate reporting Proc. Natl
Acad. Sci. USA 112 7375-82

[40] Peterson M J, Hall D M, Feldpausch-Parker A M and
Peterson T R 2010 Obscuring ecosystem function with
application of the ecosystem services concept Conserv. Biol.
24 113-9

[41] Schroter M, Albert C, Marques A, Tobon W, Lavorel S,
Maes ] and Bonn A 2016 National ecosystem assessments in
Europe: a review BioScience 66 813-28

[42] Howe C, Suich H, Vira B and Mace G M 2014 Creating
win-wins from trade-offs? ecosystem services for human
well-being: A meta-analysis of ecosystem service trade-offs
and synergies in the real world Glob. Environ. Change 28
263-75

[43] Daw T, Brown K, Rosendo S and Pomeroy R 2011
Applying the ecosystem services concept to poverty
alleviation: the need to disaggregate human well-being
Environ. Conserv. 38 370-9

[44] Berbés- Blazques M Gonzélez ] Pascual U and Pascual ]
2016 Time to move towards a transformative ecosystem
services approach that addresses power dynamics Curr.
Opin. Environ. Sustain. 19 134-43

[45] Halpern B S et al 2008 A global map of human impact on
marine ecosystems Science 319 948-52

W Letters

[46] Reyers B, Biggs R, Cumming G S, Elmqvist T, Hejnowicz A

P and Polasky S 2013 Getting the measure of ecosystem

services: a social-ecological approach Front. Ecol. Environ.

11 268-73

Palomo I, Felipe-Lucia M, Bennett E M, Martin-Lopez B

and Pascual U 2015 The pathways and effects of ecosystem

services co-production Adv. Ecol. Res. 54 245-83

[48] Bengtsson J 2015 Biological control as an ecosystem service:
partitioning contributions of nature and human inputs to
yield: ecosystem services and human inputs Ecol. Entomol.
40 45-55

[49] Jackson ] B C et al 2001 Historical overfishing and the
recent collapse of coastal ecosystems Science 293 629-38

[50] Brock W A and Carpenter SR 2006 Variance as a leading
indicator of regime shift in ecosystem services Ecol. Soc. 11 9

[51] Steffen W, Richardson K, Rockstrom J, Cornell S E,

Fetzer I, Bennett E M and Sérlin S 2015 Planetary

boundaries: guiding human development on a changing

planet Science 347 6223

Scholes R J, Reyers B, Biggs R, Spierenburg M J and

Duriappah A 2013 Multi-scale and cross-scale assessments

of social-ecological systems and their ecosystem services

Curr. Opin. Environ. Sustain. 5 16-25

Wackernagel Mathis and Rees William 1996 Our Ecological

Footprint (Philadelphia, PA: New Society Press)

Moriguchi Y 1999 Recycling and waste management from

the viewpoint of material flow accounting J. Mater. Cycles

Waste Manage. 1 2-9

Hayes N and Morrison-Saunders A 2007 Effectiveness of

environmental offsets in environmental impact assessment:

practitioner perspectives from Western Australia Immpact

Assessment and Project Appraisal 25 209-18

Vatn A and Bromley D W 1997 Externalities—a market

model failure Environ. Resour. Econ. 9 135-51

[57] Bustamante M, Roitman I, Aide T M, Alencar A, Anderson

L O, Aragao L and Costa M H 2016 Toward an integrated

monitoring framework to assess the effects of tropical forest

degradation and recovery on carbon stocks and biodiversity

Glob. Change Biol. 22 92—109

Fisheries Research and Development Corporation, FRDC

2010 A study of the value, composition and utilisation of

imported seafood in Australia. FRDC Project Report 2010/

222/ (Canberra: Australian Government Fisheries Research

(47

(52

[53

(54

(55

(56

[58

and Development Corporation) (www.frdc.com.au/research/
final-reports/Pages/2010-222-DLD.aspx)

Stoeckl N, Hicks C C, Mills M, Fabricius K, Esparon M,
Kroon F, Kaur K and Costanza R 2011 The economic value

[59

of ecosystem services in the great barrier reef: our state of

knowledge Ann. NY. Acad. Sci. 1219 113-33

Tscharntke T, Clough Y, Wanger T C, Jackson L, Motzke 1,

Perfecto 1, Vandermeer ] and Whitbread A 2012 Global

food security, biodiversity conservation and the future of

agricultural intensification Biol. Conserv. 151 53-9

de Miguel A, Hoekstra A Y and Garcfa-Calvo E 2015

Sustainability of the water footprint of the Spanish pork

industry Ecol. Indic. 57 465-74

Ghertner D A and Fripp M 2007 Trading away damage:

quantifying environmental leakage through consumption-

based, life-cycle analysis Ecol. Econ. 63 563—77

Mingorria S, Gamboa G, Martin-Lopez B and Corbera E

2014 The oil palm boom: socio-economic implications for

Q’eqchi” communities in the Polochic valley, Guatemala

Environ. Dev. Sustain. 16 841-71

Garmendia E, Urkidi L, Arto I, Barcena I, Bermejo R,

Hoyos D and Lago R 2016 Tracing the impacts of a

northern open economy on the global environment Ecol.

Econ. 126 169-81

Bruckner M, Fischer G, Tramberend S and Giljum S 2015

Measuring telecouplings in the global land system: a review

and comparative evaluation of land footprint accounting

methods Ecol. Econ. 114 11-21

[66] Allan J A 2001 The Middle East Water Question: Hydro-
politics and the Global Economy (London: I B Tauris)

[60

(61

[62

(63

(64

(65



https://doi.org/10.1016/j.gloenvcha.2014.10.013
https://doi.org/10.1016/j.gloenvcha.2014.10.013
https://doi.org/10.1016/j.landusepol.2013.09.012
https://doi.org/10.1111/j.1365-2664.2010.01952.x
https://doi.org/10.1016/j.ecolind.2011.06.019
https://doi.org/10.1073/pnas.1503751112
https://doi.org/10.1073/pnas.1406490112
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1126/science.aaa1403
https://doi.org/10.1890/070216
https://doi.org/10.1890/070216
https://doi.org/10.1073/pnas.1109936109
https://doi.org/10.1002/16-0188.1
https://doi.org/10.1038/nature11148
https://doi.org/10.1016/j.cosust.2015.03.007
https://doi.org/10.1016/j.ecolecon.2015.11.007
https://doi.org/10.1016/j.ecolecon.2015.11.007
https://doi.org/10.1093/biosci/biu146
https://doi.org/10.1073/pnas.1408120111
https://doi.org/10.1111/j.1523-1739.2009.01305.x
https://doi.org/10.1093/biosci/biw101
https://doi.org/10.1016/j.gloenvcha.2014.07.005
https://doi.org/10.1016/j.gloenvcha.2014.07.005
https://doi.org/10.1017/s0376892911000506
https://doi.org/10.1111/cobi.12912
https://doi.org/10.1126/science.1149345
https://doi.org/10.1890/120144
https://doi.org/10.1111/een.12247
https://doi.org/10.1126/science.1059199
https://doi.org/10.5751/es-01777-110209
https://doi.org/10.1126/science.1259855
https://doi.org/10.1016/j.cosust.2013.01.004
https://doi.org/10.1007/s10163-999-0007-4
https://doi.org/10.3152/146155107x227126
https://doi.org/10.1007/bf02441375
https://doi.org/10.1111/gcb.13087
http://www.frdc.com.au/research/final-reports/Pages/2010-222-DLD.aspx
http://www.frdc.com.au/research/final-reports/Pages/2010-222-DLD.aspx
https://doi.org/10.1111/j.1749-6632.2010.05892.x
https://doi.org/10.1016/j.biocon.2012.01.068
https://doi.org/10.1016/j.ecolind.2015.05.023
https://doi.org/10.1016/j.ecolecon.2006.12.010
https://doi.org/10.1007/s10668-014-9530-0
https://doi.org/10.1016/j.ecolecon.2016.02.011
https://doi.org/10.1016/j.ecolecon.2015.03.008

I0P Publishing

Environ. Res. Lett. 12 (2017) 075001

[67] Schindler D and Lee P 2010 Comprehensive conservation
planning to protect biodiversity and ecosystem services in
Canadian boreal regions under a warming climate and
increasing exploitation Biol. Conserv. 143 157186

[68] Marston L, Konar M, Cai X and Troy T J 2015 Virtual
groundwater transfers from overexploited aquifers in the
United States Proc. Natl Acad. Sci. USA 112 8561-6

[69] Hicks C C, McClanahan T R, Cinner J E and Hills ] M
2009 Trade-offs in values assigned to ecological goods and
services associated with different coral reef management
strategies Ecol. Soc. 14 10

[70] Marzouki M, Froger G and Ballet ] 2012 Ecotourism versus
mass tourism. A comparison of environmental impacts based
on ecological footprint analysis Sustainability 4 12340

[71] Eijgelaar E, Thaper C and Peeters P 2010 Antarctic cruise
tourism: the paradoxes of ambassadorship, ‘last chance tourism’
and greenhouse gas emissions J. Sustain. Tourism 18 337-54

[72] Layke C, Mapendembe A, Brown C, Walpole M and Winn
J 2012 Indicators from the global and sub-global
millennium ecosystem assessments: an analysis and next
steps Ecol. Indic. 17 77-87

[73] Mayer A L, Kauppi P E, Angelstam P K, Zhang Y and
Tikka P M 2005 Importing timber, exporting ecological
impact Science 308 359—60

[74] Jappinen J P and Heliold ] Ed 2015 Towards a sustainable
and genuinely green economy. The value and social
significance of ecosystem services in Finland (TEEB for
Finland) Synthesis and Roadmap. The Finnish Environment
Ien/2015 (Helsinki: The Finnish Ministry of Environment)

[75] Weinzettel ], Hertwich E G and Peters G P 2013 Affluence
drives the global displacement of land use Glob. Environ.
Change 23 433-8

[76] Japan Satoyama—Satoumi Assessment, JSSA 2010 Satoyama—
Satoumi Ecosystems and Human Well-being: Socio-ecological
Production Landscapes of Japan—Summary for Decision
Makers (Tokyo: United Nations University)

[77] Onaindia M, Madariaga I, Palacios I and Arana X 2015
Nature and Human Well-Being in Biscay. Ecosystem Services
Assessment; Research Applied to Management (Leioa:
University of the Basque Country) 130 pp

W Letters

[78] Koellner T and Koehler A 2011 Life Cycle Assessment
and ecosystem services Ecosystem Services and Global
Trade of Natural Resources: Ecology, Economics and
Policies ed T Koellner (London: Routledge)
pp 151-71

[79] Othoniel B, Rugani B, Heijungs R, Benetto E and Withagen
C A 2016 Assessment of life cycle impacts on ecosystem
services: promise, problems and prospects Environ. Sci.
Tech. 50 1077-92

[80] Baumann H and Tillman A M 2004 The Hitch Hiker's
Guide to LCA: An Orientation in Life Cycle Assessment
Methodology and Application (Lund: Professional Publishing
House)

[81] Zhang Y, Singh S and Bakshi B R 2010 Accounting for
ecosystem services in life cycle assessment, part I: a critical
review Environ. Sci. Tech. 44 223242

[82] UNU, IHDP & UNEP 2014 Inclusive Wealth Report 2014
Measuring Progress Toward Sustainability (Cambridge:
Cambridge University Press)

[83] Mace G M, Hails R S, Cryle P, Harlow ] and Clarke S ]
2015 Review: towards a risk register for natural capital
J. Appl. Ecol. 52 641-53

[84] Geneletti D 2013 Sustainability assessment. Pluralism,
practice and progress Impact Assesment and Project
Appraisal 31 238-9

[85] Harfoot et al 2014 Integrated assessment models for

ecologists: the present and the future Glob. Ecol. Biogeogr.

23 12443

Unilever 2015 Working across the palm oil supply chain

(www.unilever.com/sustainable-living/the-sustainable-living-

[86

plan/reducing-environmental-impact/sustainable-sourcing/
transforming-the-palm-oil-industry/working-across-the-
palm-oil-supply-chain.html)
Boucher D and Elias P 2013 From REDD to deforestation-
free supply chains: the persistent problem of leakage and
scale Carbon Manage. 4 374-475
[88] Phelps J, Jones C A, Pendergrass ] A and Erik G 6mez-B
aggethun 2015 Environmental liability: a missing use for
ecosystem services valuation Proc. Natl Acad. Sci. USA
112 E5379

[87

10


https://doi.org/10.1016/j.biocon.2010.04.003
https://doi.org/10.1073/pnas.1500457112
https://doi.org/10.5751/es-02712-140110
https://doi.org/10.3390/su4010123
https://doi.org/10.1080/09669581003653534
https://doi.org/10.1016/j.ecolind.2011.04.025
https://doi.org/10.1126/science.1109476
https://doi.org/10.1016/j.gloenvcha.2012.12.010
https://doi.org/10.1021/acs.est.5b03706
https://doi.org/10.1021/es9021156
https://doi.org/10.1111/1365-2664.12431
https://doi.org/10.1080/14615517.2013.779797
https://doi.org/10.1111/geb.12100
http://www.unilever.com/sustainable-living/the-sustainable-living-plan/reducing-environmental-impact/sustainable-sourcing/transforming-the-palm-oil-industry/working-across-the-palm-oil-supply-chain.html
http://www.unilever.com/sustainable-living/the-sustainable-living-plan/reducing-environmental-impact/sustainable-sourcing/transforming-the-palm-oil-industry/working-across-the-palm-oil-supply-chain.html
http://www.unilever.com/sustainable-living/the-sustainable-living-plan/reducing-environmental-impact/sustainable-sourcing/transforming-the-palm-oil-industry/working-across-the-palm-oil-supply-chain.html
http://www.unilever.com/sustainable-living/the-sustainable-living-plan/reducing-environmental-impact/sustainable-sourcing/transforming-the-palm-oil-industry/working-across-the-palm-oil-supply-chain.html
https://doi.org/10.4155/cmt.13.47
https://doi.org/10.1073/pnas.1514893112

