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Ecosystem services have become a mainstream concept for

the expression of values assigned by people to various

functions of ecosystems. Even though the introduction of the

concept has initiated a vast amount of research, progress in

using this knowledge for sustainable resource use remains

insufficient. We see a need to broaden the scope of research to

answer three key questions that we believe will improve

incorporation of ecosystem service research into decision-

making for the sustainable use of natural resources to improve

human well-being: (i) how are ecosystem services co-produced

by social–ecological systems, (ii) who benefits from the

provision of ecosystem services, and (iii) what are the best

practices for the governance of ecosystem services? Here, we

present these key questions, the rationale behind them, and

their related scientific challenges in a globally coordinated

research programme aimed towards improving sustainable

ecosystem management. These questions will frame the

activities of ecoSERVICES, formerly a DIVERSITAS project and

now a project of Future Earth, in its role as a platform to foster

global coordination of multidisciplinary sustainability science

through the lens of ecosystem services.
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Introduction
The consequences of anthropogenic environmental

change, the fundamental need to improve the well-being

of people around the world, and the desire to conserve

biodiversity at the planetary scale together require more

focused attention on how ecosystems can be managed to

sustainably, efficiently, and equitably produce ecosystem
www.sciencedirect.com 
services that benefit society [1�]. Several research and

assessment approaches have been proposed to better

understand the potential of the ecosystem service con-

cept to improve management of ecosystems for human

well-being [e.g., 2,3�,4�,5,6]. These frameworks mostly

build on the principles of sustainable development and

include aspirational goals to enhance both ecosystem

functioning and human well-being. Yet, despite exten-

sive work on ecosystem services in recent decades, our

understanding of their ecological foundation, their

impacts on human well-being, and our knowledge about

how to govern their benefits remains insufficient [7–9].

There are several explanations for these gaps. First, the

vast amount of knowledge about ecosystem services is

fragmented into many disciplinary studies, mostly in the

natural sciences and economics, making it difficult to

synthesize it [10]. Also, most publications about ecosys-

tem services are conceptual (i.e., not including empirical

measurements of ecosystem services [11]) or cover only

one aspect of the interaction between ecosystems and

people [12]. To advance, we need to strengthen the

science behind the production, distribution, and gover-

nance of ecosystem services and the benefits they provide

[13]. In this paper, we describe three key gaps in our

understanding of ecosystem services, and present a re-

search strategy to jointly address these gaps.

Although we know that the production of ecosystem

services is a result of the interplay between social and

ecological systems [14�], the precise combinations of

social and ecological contributions required to produce

services, and how these combinations affect the resil-

ience and sustainability of the provision of services,

remains unclear. For example, agricultural production

derives from properties and functions of the ecological

system, such as soil quality and nutrient cycling, as well

as from human interventions, such as ploughing and

harvesting. However, the extent to which human ma-

nipulation of ecosystems alters ecological functions in

ways that change the sustainable supply of services

remains uncertain [10,15�]. Differences  in the role

and balance of ecological and social components in

the supply of services are likely to lead to contrasting

emergent system properties or unexpected effects on

long-term sustainability of service supply [16]. For

example, a system in which water is cleaned through

ecological processes, such as those occurring in reten-

tion ponds, is likely to have different properties from

one in which water is cleaned through the use of filtering

technology. Each of these systems might be more or less

resilient to different perturbations or more or less sus-

tainable over the long run under different conditions.

Understanding how altering the mix of ecological and

social contributions to services affects long-term sus-

tainability, is a key step in improving management of

ecosystems and their services.
Current Opinion in Environmental Sustainability 2015, 14:76–85
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Box 1 Box on ecoSERVICES

In 2004, DIVERSITAS — the international programme of biodiversity

science (www.diversitas-international.org) — established its eco-

SERVICES project to bridge the broadly recognized difficulties of

communication and engagement on the environment and to address

key challenges by fostering international collaborative research on

biodiversity, ecosystem functioning and ecosystem services [81].

Between 2005 and 2011, ecoSERVICES brought together multi-

disciplinary groups in ecology and economics to research the

ecological processes underlying the supply of ecosystem services

and to place an economic value on these services. The group made

a number of widely recognized key contributions in science [e.g., 82–

84]. Active involvement of DIVERSITAS scientists in science-policy

activities led to the development of crucial policy related to the

impacts of biodiversity change on ecosystem functioning and

services (most notably the tenth meeting of the Conference of the

Parties to the Convention on Biological Diversity (CBD-COP10) [85]

and policy briefs for the United Nations Environment Programme

(UNEP) [e.g., 86,87] and for the Earth Summit Rio+20 [88].

A crucial follow-on to these achievements is the integration of

ecoSERVICES within Future Earth, a 10-year international scientific

programme on global sustainability (www.futureearth.org). Future

Earth emerged in response to calls from the Science and Technology

Alliance for Global Sustainability, including the International Council

for Science (ICSU), the International Social Science Council (ISSC),

research funding agencies, and policy bodies (UNESCO, UNEP,

WMO) for a major global scientific initiative that strengthens the

engagement between policy, society, and science on the questions

posed by the urgent challenges of sustainable development [76].

Future Earth is built on the legacy of the four global environmental

change programmes, DIVERSITAS, IGBP, IHDP and WCRP.
Second, we do not yet understand enough about the

drivers of ecosystem service distribution, preferences or

access across stakeholders, nor the specifics of how ser-

vices impact human well-being [17]. We have too little

empirical understanding about the diversity of stake-

holders, their motivations and preferences for various

ecosystem services, and furthermore, understand relative-

ly little about the potential social conflicts and inequities

arising from the access to specific ecosystem services by

different individuals and groups. Without this knowledge,

even if we understood how social and ecological systems

interact to produce ecosystem services, we would not

understand how varying the amount of services provided

is likely to affect the well-being of various stakeholder

groups.

Finally, knowledge about how governance influences the

sustainability, efficiency and equitability of ecosystem

service supply remains scant [18�]; and there are very

few investigations of the effectiveness of ecosystem ser-

vice-based policies relative to other interventions [19].

Issues such as how and when existing governance struc-

tures prevent or enhance sustainable, equitable, and

efficient flows of benefits, and how we transform out of

deeply entrenched systems of inequity and non-sustain-

able use to fundamentally new systems of governance,

remain inadequately addressed [20�].

These gaps in our understanding limit the capacity of

ecosystem service research to inform policy and manage-

ment [3�,21–23]. The authors, part of the ecoSERVICES

community (which is itself a project of the DIVERSITAS

and Future Earth global change programmes) aim to help

guide the agenda of natural and social science in a policy

context to address crucial knowledge gaps and implemen-

tation of ecosystem service science in practice (see Box 1).

To respond to this objective, the ecoSERVICES commu-

nity has identified three key research challenges, illustrat-

ed and conceptualized in Figure 1. Here, we explain these

challenges in sequence and then present a strategy to

address the major research gaps. The goal of this paper

is to outline these challenges for the ecosystem service

research community, and, at the same time, to highlight

how the ecoSERVICES project aims to address them.

Challenge 1: how, when and where are
ecosystem services co-produced by social–
ecological systems?
The seemingly simple notion that ecosystem services are

provided by ecosystems quickly becomes rather complex

when we ask how the dynamics of the biological system,

and its interaction with the human sphere, translate into

the actual stocks and flows of services. The body of

ecological research investigating how stocks and flows

of specific ecosystem services are moderated tends to be

framed with respect to either biophysical processes and

context, or the role of human interventions. Considerably
Current Opinion in Environmental Sustainability 2015, 14:76–85 
less emphasis has been given to understanding the rela-

tive importance and interplay of biophysical, ecological,

and social components over time and space. Understand-

ing of this interplay can be improved via four key research

avenues:

(1a) Identify the role of biodiversity and other forms of
heterogeneity in maintaining multiple ecosystem services:
Recent reviews have emphasized the pivotal role of

biodiversity for ecosystem functions [e.g., 24–27], but

only few studies have investigated the linkage between

biodiversity, ecosystem function and a broader range of

services [27]. In particular, we need to (i) disentangle the

effects of the different dimensions of biodiversity (e.g.,

species richness, functional diversity, phylogenetic diver-

sity) on services at different spatial and temporal scales;

and (ii) more comprehensively account for responses of

ecosystem function to multi-dimensional anthropogenic

environmental forcing. As data on different dimensions of

biodiversity and ecosystem services become more readily

available, we see high potential to systematically investi-

gate the links between different indicators of biodiversity

to various ecosystem functions and ultimately, to differ-

ent types of ecosystem services themselves. Information

linking biodiversity and ecosystem function is required,

for example by simultaneously quantifying structural and

functional components, or by simultaneously measuring

functional trait variation and ecosystem fluxes like carbon
www.sciencedirect.com
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This figure depicts the conceptual framework used to structure this paper. It will also serve as the conceptual framework of the ecoSERVICES

project. It shows the three challenges to improving our understanding and management of ecosystem services: (1) Understanding how services

are produced by social–ecological systems, (2) understanding how benefits are distributed among users, and (3) understanding how governance

acts as an interface between the production of services and benefits received by those who use them. Ecosystem services are generated by

social–ecological systems, in which four components (landscape heterogeneity, biodiversity, socio-technical modification, and path dependence)

play a key role. The services themselves are distributed to people to use, and this use is driven by stakeholder values as well as by the temporal

and spatial patterns of both people and services. Governance, through its institutions, is what determines the relationship between services and

their use.
sequestration or nutrient cycling [28,29]. Combining

empirical survey approaches with modeling and direct

experimental manipulations then allows scientists to

move from inference to identifying mechanisms.

(1b) Understand the effect of landscape and seascape
heterogeneity on ecosystem service supply: Species move-

ment and behavior can change in response to localized

resource heterogeneity and small-scale variations in habi-

tat structure and that can, in turn, influence ecosystem

functioning and the provision of ecosystem services

[30,31]. By the same token, we still lack a comprehensive

assessment linking landscape heterogeneity to the supply

of multiple ecosystem services across terrestrial, fresh

water, and marine systems. Determining how the rela-

tionship between biodiversity and ecosystem service

supply could best be conserved within and among land-

scapes, taking into account ecological continua and ap-

propriate spatio-temporal scales [32], will allow us to

better predict and mitigate changes to the magnitude

and flow of services. Another challenge consists of testing

how innovative land systems, spatial planning, and policy

can be used to ensure landscape configurations that more
www.sciencedirect.com 
optimally sustain desired bundles of ecosystem services

over time [33,34].

(1c) Assess the role of path-dependence and legacy effects
in the supply of multiple ecosystem services: The inter-

actions of ecosystem services over space and time may be

linear or non-linear, and may contain unexpected thresh-

old effects [16,35]. There may also be important cross-

scale effects, such that some local or regional changes can

cascade up to affect global scale processes and thresholds

[36]. Ecosystem services are themselves the manifesta-

tion of complex interactions between biophysical context,

ecological processes, and human interventions [37]. Such

interactions at one point in time can trigger self-reinfor-

cing sequences and influence future trajectories of eco-

system services, potentially constraining options for their

supply in the future. For instance, decisions to prioritize

food production today may constrain our ability to provide

clean water in the future if excess nutrients accumulated

in the soil, thereby increasing their availability for poten-

tial future runoff that could eutrophy aquatic systems.

Approaches to explore path-dependence should be based

on long-term monitoring of bundles of ecosystem services
Current Opinion in Environmental Sustainability 2015, 14:76–85
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across a series of sites around the world with varying

mixes of service supply [e.g., 38]. Observations and

historical data would allow quantification of service

supply and human interventions, and encourage assess-

ment of temporal variations in service supply against

key policy changes or transformations in land use and

land cover composition and configuration over time.

(1d) Understand the function of social systems in ecosys-
tem service supply: Human intervention in ecosystems

has been the fundamental factor driving the supply and

distribution of ecosystem services in the Anthropocene

[2]. People consciously and unconsciously protect, con-

serve, use, contest, alter, exploit, destroy, change, and

rehabilitate ecosystems, for their own or somebody else’s

benefit, with implications for ecosystem functions and

services. For instance, without ploughing and addition of

fertilizers, agricultural production would be far lower than

it currently is in most industrialized nations. Although

some claim that there are limits to the role of knowledge

systems and technology in the supply of services [10],

others have argued that these far exceed what we cur-

rently imagine [15�,39]. There is little systematic under-

standing about the particular combinations of different

human actions and ecological systems that provide eco-

system services sustainably, efficiently and equitably now

and in the future. Our understanding of the implications

of such interventions across spatial scales is equally

sparse. Research aiming at better understanding the

opportunities, limitations and implications of technologi-

cal interventions in the supply of all kinds of services

through time in many different locations and situations

will improve our ability to manage ecosystem services

sustainably.

Challenge 2: who benefits from the provision
of ecosystem services?
Identifying those who benefit from ecosystem services

and understanding how benefits are distributed among

individuals and stakeholder groups is an acknowledged

prerequisite for effective ecosystem services assess-

ments [8,40]; however it remains largely unaddressed

in the international research agenda [41�]. Tackling this

gap means seeking to understand the diversity of sta-

keholders, why they use various ecosystem services, and

the potential social conflicts that can arise from the use

of specific ecosystem services by different individuals

and stakeholder groups at different spatial-temporal

scales. This can be analyzed through three key research

areas:

(2a) Understand the diversity of stakeholders, their ben-
efits from ecosystem services and their preferences for
valuing services: Understanding how stakeholders benefit

from ecosystem services entails identifying the stake-

holders in question and characterizing their knowledge

types, capabilities, rights, and value-systems, as well as
Current Opinion in Environmental Sustainability 2015, 14:76–85 
preferences regarding use of services. Our understanding

of benefit distribution must then be integrated with

information about stakeholders’ relationships with one

another and the prevailing entitlement structures that

foster or hinder equality in access to, and benefits from,

ecosystem services [42]. Together with people’s multi-

faceted reasons for using, valuing, or disregarding ecosys-

tem services, this information helps us understand social

constellations that can lead to collaboration or conflict

between interest groups with respect to ecosystem ser-

vice management [43]. Knowledge about benefit distri-

butions and the mechanisms behind these distributions

can also help us understand the trade-offs between cur-

rent versus future needs and rights, and proximate versus

geographically distant benefits that are implied by differ-

ent management strategies [44]. Understanding the social

relationships involved in determining the (in)equality of

access and benefits of different stakeholder groups to

ecosystem services is fundamental to evaluating manage-

ment options, their implications for livelihoods and well-

being, and to establishing acceptable trade-offs in the

context of equity and access to ecosystem services

[8,18�,45�,46].

(2b) Identify spatial patterns of ecosystem services use and
benefit: Trade-offs and synergies between the benefici-

aries of different ecosystem services help determine

winners and losers at different spatial scales [47]. Who

wins and who loses generally depends on the location of

stakeholders, their access rights and access to decision-

making. Additionally, spatial mismatches between areas

of ecosystem service supply and demand — e.g., along

the rural-urban supply and demand gradient, from moun-

tains to lowlands, or through goods exported from one

country to another [48,49�] — mean that human activities

and decisions in one area can have a large impact on

social–ecological systems in distant locations [50,51].

Indeed, the costs of conservation are often born locally

for national, regional, or international gain. Similarly, the

disproportionate consumption of certain ecosystem ser-

vices (e.g., food or freshwater) by rich countries or urban

societies in developing countries implies ecosystem deple-

tion in poorer countries [52]. In addition, poor people and

poor countries tend to be those most vulnerable to the

multiple effects of global environmental change [53].

Understanding how individuals’ consumption of a particu-

lar ecosystem service in one place can limit the use and

enjoyment of this or other services by other people else-

where, is therefore a major research priority [52]. Under-

standing these interactions of cost and benefit requires us

to understand how the spatial scale of supply and demand

differs between services and stakeholders [54], through

spatially explicit quantifications of ecosystem service sup-

ply and demand using spatial models [55] or public partici-

patory geographic information systems [56]. It also requires

the identification of winners and losers at different spatial

scales and in different regions [8,57]. Although studies of
www.sciencedirect.com
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trade-offs and synergies in provisioning services such as

food and water need to be expanded, research should also

be undertaken on interactions among non-provisioning

services, which are seldom addressed [but see 10].

(2c) Identify temporal dynamics of ecosystem services use
and supply: Understanding how past societies adapted to

external drivers and perturbations to maintain the flow of

ecosystem services without adverse consequences to their

well-being, can improve our understanding of how to deal

with current drivers of change [1,58]. Historical analysis is

one way to understand the mechanisms behind interac-

tions among ecosystem services [59–61]. Additionally,

studying history and trends in ecosystem service supply,

can help us learn about typical rates of change and time

lags between changes in policies or other drivers and

resultant changes in ecosystem service supply [62�].
Analysis of historical and current drivers of change is

needed to identify key social–ecological features that

help cope with perturbations, while maintaining a diverse

and desired set of ecosystem service flows for a diversity

of beneficiaries. Future scenarios can show possible

trends in ecosystem services, the impact of new drivers

and increased telecoupling in the global system and the

related impacts on the well-being of future generations

[51,63].

Challenge 3: what are the best practices for
the governance of ecosystem services?
Broadly interpreted, institutions refer to the conventions,

norms and formally sanctioned rules of a society that

facilitate or hinder governance, both formal and informal

[64]. Understanding these institutions and the actors,

discourses, and politics generating them, informs assess-

ments of best practices for the management of ecosystem

services [65]. Although much attention has been given to

institutions regarding resource procurement - especially

in common property regimes [67], and to international

accords [68] - minimal attention has been given to the full

range of ecosystem services and implications for sustain-

ability [69]. Overall improvement in understanding the

ways in which different institutional structures influence

more equitable, sustainable, and efficient flows of eco-

system services and their benefits, and how socio-political

processes promote or hinder the emergence and mainte-

nance of this governance is required, in order to inform

best practices for decision making. This goal, in turn,

requires improvement in the tools and methods used to

address the formation and maintenance of robust mecha-

nisms of governance.

(3a) Characterize how institutions and agents influence
the supply and distribution of ecosystem services: Sub-

stantial attention has been given to the institutional

dimensions of common property regimes and public

goods [70], although much of it has been conceptual

and game theoretic in kind [71], and almost all case study
www.sciencedirect.com 
assessments address one provisioning service only. Syn-

thesis of this work indicates that there are no institutional

panaceas for sustainable ecosystem services; rather, mul-

tiple institutions may achieve sustainable results, crafted

by the social–environmental system in question [67].

These results suggest that attention to the ‘institutional

and agent landscape’ is needed in which different social–
ecological systems are examined and compared to identi-

fy the conditions in which different governance systems

yield robust results. This requires a concrete understand-

ing of the values and social capital of the agents in play,

and the benefits they prefer and actually derive from the

services [72�]. Addressing this challenge requires novel

hybrid methods that can characterize the structural and

functional dimensions of institutions (e.g., property

rights, formal and informal governance systems), the

preferences and capacities of agents, and the integration

of both with the biophysical understanding of ecosystem

services [73].

(3b) Identify tools, models, and processes to support
efficient, equitable, and sustainable decision-making pro-
cesses that account for feedbacks in complex social–eco-
logical systems: Robust methods for systematic

assessments of the effectiveness of international accords

(one form of governance) are under development, dem-

onstrating that output, outcome, and impact must be

treated as three distinct steps in a causal chain [68]. Other

work demonstrates that balancing tradeoffs among infor-

mation credibility, salience, and legitimacy is essential for

the development of governance structures among diverse

stakeholders [74]. Building from these and other works,

attention to enhancing the applicability of tools and

methods to address knowledge generation (e.g., assess-

ments and scenario development), collaborative and

transformative learning, and robust institution formation

is required to improve the management and governance

of ecosystem services [43,75]. A promising research area

involves the adaption of cost–benefit analyses and partic-

ipatory multi-criteria approaches to account for different

preferences and values among stakeholders [43]. Ade-

quately capturing and representing the diversity of

knowledge systems, institutional structures, governance

systems and individual stakeholder’s priorities is funda-

mental to understanding these trade-offs, and how they

might best be governed.

(3c) Understand the socio-political processes that create,
support or constrain transformative pathways towards
equitable, efficient and sustainable governance of ecosys-
tem services: Institutions and governance structures

aimed at sustainability emerge from complex political–
economic structures and processes. Improving our ability

to transform ecosystem service governance — and to

know under what conditions such transformation is need-

ed — demands an understanding of how insights from

institutional and actor analyses (3a), and best practices
Current Opinion in Environmental Sustainability 2015, 14:76–85
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with various technical tools and participatory processes

(3b), function to lead to transformation in various socio-

political settings. Given that these linkages cross spatio-

temporal scales, research is needed at multiple levels of

analysis; from international governance and prevailing

economic conditions to local institutions and social

conditions, with attention to scale interactions, includ-

ing how possible changes in ecosystem services

governance may feedback on other institutions and

levels of governance [73]. Understanding these dynam-

ics will require approaches that combine empirical tools

and modeling that focus on identifying social and envi-

ronmental values, experiences, expectations, and re-

sponsibilities of different actors. Understanding how

to draw lessons from the processes of transformative

changes in one specific context, to apply to ecosystem

management in other contexts, presents a particular

challenge [76,77].

A science strategy and beyond
We have laid out a broad, and necessarily transdisciplin-

ary, research agenda for ecosystem service science in the

coming decade. Beyond continuing to advance our sci-

ence, what will it take to respond to the three challenges?

Although we presented each challenge separately, they

are interconnected. That is, we cannot address issues of

governance without a thorough understanding of how

social and ecological systems interact to produce services.

Similarly, we cannot fully grasp questions about benefits

distributions without a clear picture of institutions and

how they impact service provision, social relationships,

and benefits distribution.

With this in mind, at least two key improvements in the

way we do science are needed to make progress here.

First, more integrative collaboration across social

sciences, natural sciences, and the humanities is required

to address the challenges implied by the fact that ecosys-

tem services are supplied and distributed by complex

social–ecological systems. This goes well beyond multi-

disciplinary perspectives on the ecosystem services con-

cept, and recognizes the need for truly integrated, trans-

disciplinary approaches to studying interactions between

socio-economic and ecological systems. Second, the sci-

entific community working on ecosystem service science

alone cannot provide a full response to all of the key needs

of policy-makers and decision-makers [78]. Instead, we

need co-production of knowledge through research pro-

grammes designed in collaboration with decision-makers

and users of ecosystem services, to ensure that interven-

tions and policies have appropriate impact and can oper-

ate across multiple temporal and spatial scales. In this

sense, our knowledge should integrate local and tradi-

tional knowledge with other sources of information [79],

recognizing the diversity of modes by which multiple

stakeholders and users interact with ecological systems

[80].
Current Opinion in Environmental Sustainability 2015, 14:76–85 
How can a Future Earth project such as ecoSERVICES

contribute to the further development and application of

transdisciplinary and co-designed ecosystem service sci-

ence in practice and policy? Building on the DIVERSI-

TAS legacy (Box 1), we aim to advance research efforts

responding to all three challenges through improved net-

working, information exchange, and co-design with both

funders and stakeholders. A first step will be the further

conceptual elaboration of the challenges and tasks men-

tioned above, guiding transdisciplinary research on ecosys-

tem services in the next decade. Additionally, there is a

considerable amount of scattered, but very good, ecosys-

tem service science in existence. Using approaches that

bring multiple academic disciplines and stakeholders to-

gether to better integrate this information into new knowl-

edge about ecosystem services, will advance our ability to

manage ecosystems for ecosystem services. In parallel, we

will develop deeper interactions with science-policy inter-

faces, including, but not limited to, the Intergovernmental

Platform on Biodiversity and Ecosystem Services (IPBES)

[14�]; in order to assure co-design of research and policy.

Finally, while the urgency of better management of natural

resources may be self-evident to some, better communi-

cation is still essential for motivating advances in policy, as

well as make a change to the impact of private actors’

activities on the biophysical environment.
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Jäger J, Mitchell RB: Knowledge systems for sustainable
development. Proc Natl Acad Sci USA 2003, 100:8086-8091.

75. Kenter JO, Hyde T, Christie M, Fazey I: The importance of
deliberation in valuing ecosystem services in developing
countries — evidence from the Solomon Islands. Global
Environ Change 2011:21.

76. Reid WV, Chen D, Goldfarb L, Hackmann H, Lee YT, Mokhele K,
Ostrom E, Raivio K, Rockström J, Schellnhuber H-J et al.: Earth
system science for global sustainability: grand challenges.
Science 2010, 330:916-917.

77. Carpenter SR, Folke C, Norström A, Olsson O, Schultz L,
Agarwal B, Balvanera P, Campbell B, Castilla JC, Cramer W et al.:
Program on ecosystem change and society: an international
research strategy for integrated social–ecological systems.
Curr Opin Environ Sustain 2012, 4:134-138.

78. Laurans Y, Rankovic A, Billé R, Pirard R, Mermet L: Use of
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