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Abstract
Academics and policy-makers recognize that humans and nature should be studied and managed as integrated social–ecological systems. Recently, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
approved the Summary for Policy-makers of the Regional and Subregional Assessment of Biodiversity and Ecosystem
Services for the Americas, concluding the environment should be mainstreamed across development sectors. Beyond its
mandate to generate understanding of nature and human well-being from diverse knowledge sources, IPBES is also tasked
with advancing science-policy tools to aide information uptake into decisions. Based on the Americas Assessment’s 3-year,
continental-scale experience, we developed three strategies to guide decisions regarding nature’s contributions to people
(NCP) for achieving the sustainable development goals (SDGs). Specifically, we prioritized contributions, recognized nature’s
plural values, and grouped diverse human–nature relationships to orient attention towards important NCP–SDG linkages,
expand the suite of environment–development criteria considered, and create bundles to facilitate the incorporation of
complexity into decisions.
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Academics and policy-makers increasingly recognize that
humans and nature must be studied and managed as integrated social–ecological systems (MA 2005; Carpenter
et al. 2009). Indeed, recently, at its 6th Plenary, the Intergovernmental Science-Policy Platform on Biodiversity
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and Ecosystem Services (IPBES) approved the Summary
for Policy-makers (SPM) of the Regional and Subregional
Assessment of Biodiversity and Ecosystem Services for the
Americas, concluding that the environment should be mainstreamed across development sectors. Nonetheless, agriculture, education, energy, environment, finance, tourism and
transportation policies frequently are treated as separate
domains, or development is considered merely a driver of
environmental degradation (IPBES 2018). Conceptually,
an integrated human–nature paradigm shift is consolidating
(e.g., in conservation biology; Teel et al. 2018), and management institutions now face the difficult task of implementing
social–ecological approaches into decision-making strategies (e.g., the United Nation’s 2030 Agenda for Sustainable
Development; UN 2015).
Implementation involves moving beyond checklists (Dye
2018) and facing trade-offs of costs/benefits and between
beneficiaries. For example, expanding intensive agriculture may enhance food production, but the same policy can
simultaneously degrade other elements of human well-being
(e.g., water security, traditional livelihoods, cultural continuity) or decisions may transfer nature’s benefits to other
users (e.g., from multiple stakeholders to a reduced user
set) (Power 2010). Additionally, human–nature interactions
are myriad (e.g., economic, cultural, health, ecological) and
inherently complex, posing difficulties for incorporating
them into sustainability decisions (e.g., public policies, private business models).

Developing science‑policy tools
Beyond generating and assessing knowledge from diverse
sources on biodiversity and human well-being, IPBES also is
tasked with identifying and promoting tools and methods that
facilitate science-policy integration. To help overcome some
of the implementation challenges described above, we developed three approaches in the Americas Assessment to determine nature’s contributions to people (NCP)—a broad concept
encompassing ecosystem services that acknowledges the range
of worldviews that exist to describe the relationship between
humans and nature (Díaz et al. 2018) (see Supplementary
Material)—that are necessary to achieve specific sustainable
development goals (SDGs). Using an iterative evaluation technique, known as a Delphi process (Landeta 2006; Mukherjee
et al. 2015), experts involved in this 3-year, continent-wide
report prioritized the three most important NCP, among the 18
categories, necessary to attain each of the 17 SDGs. Furthermore, throughout the assessment, IPBES charged authors with
recognizing and incorporating the plurality of values embodied in nature and human–nature relationships (Pascual et al.
2017). Finally, priority NCP–SDG bundles were determined
(Blondel et al. 2008) (see IPBES 2018; Seixas et al. 2018; and
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Supplementary Materials for details of methods used in the
IPBES Americas Assessment).

Prioritizing complex nature–human
relationships
While many NCP–SDG links were identified, only 8.8%
were judged priority by a majority of experts, simplifying the array of 306 possible interactions to a set of just 27
(Fig. 1). Individually, these prioritized NCP contributed to
the attainment of up to four SDGs, while individual SDGs
were assessed as being supported by as many as three priority NCP. Prioritization, therefore, reduced the complexity
and uncertainty about the most important NCP to consider
in development decisions and allowed us to orient attention
to specific policy-relevant human–nature relationships.

Recognizing nature’s plural values
Some prioritized NCP–SDG relationships were intuitive,
particularly for material and regulating NCP. For example,
the two NCP related to regulating water quantity and quality clearly are required to meet clean water and sanitation
standards (SDG6), while regulating ocean acidification was
judged a requisite to conserve life below water (SDG14).
Likewise, all experts evaluated biologically derived energy
as necessary for affordable, clean energy (SDG7), and incorporating nature’s role in climate regulation is related directly
to achieving climate action (SDG13). Also, nature’s regulation of extreme events and hazards was deemed important
for achieving sustainable cities and communities (SDG11).
A values-plurality perspective, however, also allowed
the identification of less obvious realms of human wellbeing that are linked to the environment, and a majority of
experts assessed non-material NCP as priorities for development, as well. For instance, nature’s support for learning,
inspiration and identities was evaluated as critical to attain
goals related to quality education (SDG4); gender equality (SDG5); peace, justice and strong institutions (SDG16);
and global partnerships (SDG17). Plus, the material NCP of
food and feed provisioning had value to end poverty (SDG1)
and eradicate hunger (SDG2), but was also implicated in
reducing inequalities (SDG10) and promoting responsible
consumption and production (SDG12).

Synergizing conservation and development
To further guide decision-making, five NCP–SDG clusters were identified (Fig. 2). A suite of nature’s relational
values, including its contributions to learning experiences,
supporting identities and physical and psychological experiences, as well as maintaining options, were bundled
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Fig. 1  The prioritization of nature’s contributions to people (NCP) to
achieve each sustainable development goal (SDG) allows decisionmakers to quickly identify crucial NCP–SDG relationships. The level
of agreement among experts is illustrated as a heat map. The final
columns present the total number of SDGs for which an individual
NCP was prioritized by at least one expert in the Delphi process and

the number of prioritizations that was agreed to by > 50% of experts
(i.e., high level of agreement). The final rows display the total number
of NCP prioritized to achieve a specific SDG and the subset that was
assessed as priority by a majority of experts (modified from Seixas
et al. 2018)

with SDGs dealing with education, gender equity, decent
work, reduced inequality, justice and partnerships (SDG4,
5, 8, 10, 16, 17). These aspects of nature have been less
recognized in setting development goals; making them
explicit broadens our recognition of society’s dependence
on ecological systems. Another bundle brought together
nature’s regulation of climate, extreme events and air quality, as well as energy’s material contribution with SDGs
concerning energy, industry, cities and climate (SDG7, 9,
11, 13). For their part, food security, poverty alleviation,
responsible consumption and life on land (SDG1, 2, 12,
15) were clustered with NCP dealing with soils, pollination, habitat, materials and food. The simplest grouping
associated human health (SDG3) with nature’s regulation
of detrimental organisms and its medicinal properties.
Finally, a water-related cluster involved the regulation of
water quality and quantity, including ocean acidification,
and SDGs dealing with water sanitation and life underwater (SDG6, 14).

Moving forward
This real-world experience linking biodiversity knowledge with specific aspects of development re-affirmed that
nature is essential for attaining the SDGs and complements
work that emphasized its provisioning and regulating ecosystem services. By employing the NCP typology with
integrated approaches, however, we also highlighted the
essential role of non-material contributions. For example,
Wood et al. (2018) reported the importance of nature’s
role in providing food, water, habitat and carbon capture/
sequestration, and a secondary role for water quality and
regulation and ecotourism and recreation. Our study also
prioritized similar material and regulating contributions
(e.g., food, energy, water and climate regulation), but at
the same time provided more nuance in the non-material
ways that nature supported development, including supporting identities and providing physical and psychological
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Fig. 2  Clustering similar priority relationships between nature’s
contributions to people (NCP) and the sustainable development
goals (SDGs) allows decision-makers to recognize and orient efforts

towards synergistic policies that affect multiple NCP and/or SDGs
simultaneously. Colors identify NCP–SDG bundles determined with
the Louvain procedure (modified from IPBES 2018)

experiences. Also, experts in our study frequently identified habitat creation and maintenance as priority to many
SDGs, but these assessments did not have a high level of
agreement, which contrasts with the Wood et al. (2018)
study that found it to be one of the four most important
ecosystem services to the SDGs.
Indeed, incorporating the breadth and depth of nature’s
contributions to society helped demonstrate its relevance
to numerous aspects of development, which is requisite for
the environment to be “mainstreamed” across sectors. Even
SDGs that we did not expect to have explicit relationships to
nature, such as SDGs 16 and 17 (see Supplementary Materials), were assessed as having linkages with NCP, although
these had low agreement among experts. Therefore, to fully
elucidate human–nature relationships, it was necessary to
take a values-plurality perspective relevant to diverse stakeholders and worldviews of nature (Pascual et al. 2017).
Yet, extant literature regarding nature’s relationship to such
human dimensions as health is scarce and skewed towards
developed nations and urban areas (Keniger et al. 2013).
Plus, nature conservation studies that integrate human wellbeing have emphasized material and economic benefits over
aspects like health and livelihoods (McKinnon et al. 2016).
Facing such challenges and barriers, this continental-scale
effort to understand the links between nature and human wellbeing in the Americas proved useful to also develop sciencepolicy tools that not only assess knowledge, but also synthesize it for public and private decision-making. We showed that
while these relationships are diverse, policy-relevant targets

can be defined (e.g., NCP–SDG priorities and bundles) with
the goal of achieving synergistic outcomes for nature and
human well-being. Using the information provided by these
approaches, decision-makers can make progress towards the
SDGs and simultaneously take advantage of opportunities to
establish common understandings and relationships between
different disciplines and stakeholders concerning the integration of biodiversity conservation and sustainable development.
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