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The central challenge of the 21st century is to develop economic, social, and governance systems capable of ending poverty and achieving
sustainable levels of population and consumption while securing the life-support systems underpinning current and future human well-being.
Essential to meeting this challenge is the incorporation of natural capital and the ecosystem services it provides into decision-making. We
explore progress and crucial gaps at this frontier, reflecting upon the 10 y since the Millennium Ecosystem Assessment. We focus on three key
dimensions of progress and ongoing challenges: raising awareness of the interdependence of ecosystems and human well-being, advancing
the fundamental interdisciplinary science of ecosystem services, and implementing this science in decisions to restore natural capital and use it
sustainably. Awareness of human dependence on nature is at an all-time high, the science of ecosystem services is rapidly advancing, and talk
of natural capital is now common from governments to corporate boardrooms. However, successful implementation is still in early stages. We
explore why ecosystem service information has yet to fundamentally change decision-making and suggest a path forward that emphasizes:
(/) developing solid evidence linking decisions to impacts on natural capital and ecosystem services, and then to human well-being; (ii) working
closely with leaders in government, business, and civil society to develop the knowledge, tools, and practices necessary to integrate natural
capital and ecosystem services into everyday decision-making; and (iii) reforming institutions to change policy and practices to better align
private short-term goals with societal long-term goals.

sustainable development | resilience | human well-being | decision making | beneficiary

Since the start of the Industrial Revolution,
a massive expansion of economic activity has
transformed the planet. From 1820 to 2003,
world gross domestic product (GDP) in-
creased nearly 60-fold in real terms (1). This
expansion dramatically increased the aver-
age standard of living even as human popu-
lation rose sixfold; but, economic expansion
has come with large costs. Global environ-
mental changes and further population ex-
pansion (possibly reaching 10 billion peo-
ple by 2100) threaten to undermine future

prosperity (2-7). Improving living standards
for the approximately two billion people liv-
ing in dire poverty, achieving a sustainable
population size, and securing the life-support
systems that underpin human well-being and
life on the planet is the central development
challenge of the 21st century.

Our current global economic, political, and
social systems are not well suited to meet-
ing this challenge. There is a fundamental
asymmetry at the heart of economic systems
that rewards short-term production and
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consumption of marketed commodities at the
expense of stewardship of natural capital
necessary for human well-being in the long
term. With a majority of people now living
in urban areas (expected to be two-thirds of
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the global population by 2050) (8), this asym-
metry may be accentuated further as connec-
tions to nature become less evident, though
no less important. Correcting this asymmetry
will require transforming the use of natural
capital through better understanding the role
that natural capital plays in sustaining human
well-being, integrating this information into
decision and policy contexts, and changing
institutions, policies, and incentives to reward
long-term stewardship (6, 9-12). Conservation
and economic development have been consid-
ered in separate spheres for too long. Sustain-
able development in the 21st century requires
explicit recognition that social and economic
development are part of—and dependent
upon—a stable and resilient biosphere.

A decade ago, the Millennium Ecosystem
Assessment (MA) drew attention to the im-
portance of natural capital and ecosystem
services in supporting human well-being (2).
It also amassed powerful evidence that hu-
man actions were leading to declines in a
majority of ecosystem services. The intent of
the MA was to catalyze efforts to reverse
these declines. Currently, hundreds of such
efforts are underway, engaging individuals,
communities, businesses, nongovernmental
organizations, governments, and interna-
tional organizations (13). After defining cen-
tral concepts, we explore progress in the 10 y
since the MA, we highlight critical knowl-
edge gaps and impediments preventing ful-
ler incorporation of natural capital and eco-
system services into decision-making, and
we suggest a path to accelerate progress to-
ward sustainable development.

“Natural capital” refers to the living and
nonliving components of ecosystems—other
than people and what they manufacture—
that contribute to the generation of goods and
services of value for people. Capital assets
take many forms, including manufactured
capital (buildings and machines), human cap-
ital (knowledge, skills, experience, and health),
social capital (relationships and institutions),
and financial capital (monetary wealth), as
well as natural capital. Multiple forms of
capital interact to generate goods and services.
For example, fish harvesting depends on the
availability of fish stocks (natural capital),
which depend on high-quality habitat (natural
capital), but harvesting also depends on fish-
ing vessels (manufactured capital, backed by
financial capital), the skills and experience of
fishers (human capital), and fisheries gov-
ernance (social capital).

Ecosystems sustain and fulfill human life
through “ecosystem services.” Forested riparian
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buffers hold soil in place and improve water
quality for people downstream; aquatic hab-
itats support populations of fish caught for
food; mangroves stabilize shorelines and de-
crease damage to people and property from
storms; forests and oceans store carbon that
helps regulate climate; lakes and mountains
provide aesthetic views, opportunities for re-
creation, and spiritual inspiration. Ecosystem
services are the conditions and processes of
ecosystems that generate—or help generate—
benefits for people. These benefits result from
the interactions among plants, animals, and
microbes in the ecosystem, as well as biotic,
abiotic, and human-engineered components
of social-ecological systems. Ecosystem ser-
vices are produced along the full spectrum of
heavily managed ecosystems (e.g., agro-
ecosystems) to ecosystems with low human
imprint. Ecosystem services can be final (pro-
duce benefits directly, such as seafood) or
intermediate (underpinning final services;
e.g., the generation of habitats that support
fish populations) (14).

The pace of research on ecosystem services
has increased greatly in the last decade (15,
16). Rapid innovation and proliferation of
approaches have been productive, but have
resulted in inconsistent and confusing use of
terms [17; see also Polasky et al. (18) in this
issue]. For example, the terms “environmental
services” and “ecosystem services” are used by
different authors, but the intended meaning is
similar. We use “ecosystem services” for three
pragmatic reasons: it is consistent with the
considerable body of literature emerging from
the MA, the word “ecosystem” connotes the
integration of both biotic and abiotic com-
ponents, and many people equate environ-
mental services with waste and recycling ser-
vices provided by local government.

Understanding who affects the generation
of ecosystem services (called providers or
suppliers) and who benefits from ecosystem
services (beneficiaries or consumers) allows
assessments of the costs and benefits from a
given policy, including the distributional con-
sequences across affected parties. Institutions,
such as property and access rights, together
with the nature of the services in question,
frame the policy context and influence the
set of incentives for the private and public use
and provision of ecosystem services. Under-
standing the institutional landscape and incen-
tive structures can inform effective manage-
ment and governance. For example, carefully
designed policies, such as payments for eco-
system services (PES), can motivate potential
ecosystem service suppliers by using pay-
ments for action, access, or maintenance of
a service. Similarly, rights-based fishery man-
agement can incentivize fishers to be better

stewards of the ecosystems that produce the
fish they catch (19).

Concerns about how ecosystems will re-
spond to climate change and other gradual or
abrupt changes have led to greater efforts to
understand their resilience from local to
planetary scales (20-22). Natural capital with
enhanced resilience has a greater ability to
persist and adapt in the face of change, to
continue to provide ecosystem services, and
to adapt and transform in beneficial ways
(23). This capacity of social-ecological sys-
tems to sustain natural capital and ecosystem
services in the face of disturbance and on-
going changes is more likely to support de-
velopment pathways in changing environ-
ments where uncertainty and surprise prevail
(24, 25). Robust solutions that generate de-
sired outcomes for people and nature under
a wide range of potential futures can be en-
hanced by adopting a more integrated dy-
namic systems approach to understanding
complex social-ecological systems [21, 26-28;
see also Reyers et al. (29) in this issue]. Such
thinking fosters more wide-ranging contem-
plation of potential future outcomes and pla-
ces an emphasis on adaptive governance
[e.g., Schultz et al. (30) in this issue].

There has been remarkable progress in ele-
vating these concepts over the past decade.
Influential actors in public and private sectors
now routinely talk about the importance of
natural capital and ecosystem services, sci-
entific research has advanced significantly,
and new institutions are emerging (31-33).
However, tangible changes in the operation
of businesses and governments have not
been dramatic, especially compared with the
scale and urgency of the issue. Fundamental
asymmetries in economic systems leading to
undervaluing stewardship of natural capital
remain largely unchanged. In this section we
consider: (i) increasing awareness of the in-
terdependence of nature and people; (ii) ad-
vancing interdisciplinary science of the value
of natural capital and ecosystem services,
the effects of governance and behavior, and
impacts of policy or management interven-
tions; and (iii) incorporating natural cap-
ital and ecosystem services into policy and
management.

Increasing Awareness of the Interdepen-
dence of Nature and People. Several efforts
have enhanced broader general understand-
ing of the fundamental linkage between eco-
systems and human well-being (5, 12, 34, 35)
and a number of examples state the impor-
tance of incorporating the value of nature in
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public and private arenas [e.g., refs. 36-39
and Kareiva et al. (40) and Schaefer et al. in
this issue (41)]. In many cases, interest from
decision-makers has created demand for in-
formation that has outstripped the supply
from science [42; see also Polasky et al. in
this issue (18)].

However, awareness of the interdepen-
dence of nature and people is not yet suf-
ficiently widespread. Despite promising de-
velopments, such as the World Economic
Forum’s identification of environmental is-
sues among the top 10 global risks for busi-
ness (43), environmental issues still often
rank low in public concerns (44). Most busi-
ness and economic practices ignore natural
capital (45). A major limitation of the cur-
rent framing of natural capital is its per-
ceived isolation from other forms of capital
and the mainstream of economic and so-
cial activity. This isolation relegates consid-
erations of natural capital and ecosystem ser-
vices to ministries of the environment rather
than finance, agriculture, and industry; to
corporate sustainability departments rather
than boardrooms; and to the rural poor pop-
ulations rather than to the urban populations
driving resource use.

Information and
influence

Service Providers
Access to capitol (natural, financial, human,
manufactured, social); Preferences

Flow of net
benefits

Fig. 1.

Formal & Informal

Institutions
Markets, government,
norms, culture

Incentives

Provision of goods and services
Change in capital stocks

Measure of human well-being
by group (distribution)

Income, health, wealth, livelihoods
security, culture

Placing natural capital and ecosystem ser-
vices into a broader decision-making con-
text (Fig. 1) is necessary to effect large-scale
transformations in policies, practices, and in-
vestments. Such considerations are not only
relevant to natural resource and conserva-
tion decisions, but also for health, agricul-
ture, energy, water security, infrastructure,
urban development, finance, and national
security: arenas that extend well beyond clas-
sic conservation. Helping sectoral leaders un-
derstand these connections is critical. Societal
decisions in these contexts would often be
different if natural capital and ecosystem ser-
vices considerations were incorporated [46;
see also Arkema et al. (47) and Li et al. (48)
in this issue].

Advancing Science. Advancing science and
creating accessible tools for analysis and de-
cision support can identify critical natural
capital, quantify and map ecosystem service
values, highlight spatial, temporal, and social
differences in ecosystem service production
and delivery of services to beneficiaries, and
explore trade-offs. In this section we explore
four key themes describing scientific progress
and challenges: the provision and resilience

Information and
influence

Beneficiaries
Access to copital (natural, financial, human,
manufactured, social); Preferences

Demand

benefits
Valuation

A framework for including natural capital in the broader context of formal and informal decision-making

institutions along with other forms of capital: financial, human, manufactured, and social. Formal and informal in-
stitutions influence decisions by both service providers and beneficiaries. Access to various forms of capital (“capabil-
ities”) (115) and preferences affect the decisions of service suppliers and beneficiaries. The joint actions of service
providers and beneficiaries determine the flow of goods and services (including ecosystem services). These change
various capital stocks (including natural capital) and affect the well-being of different groups in society. Closing the loop
from institutions to decisions to human well-being, and back to the top to inform institutional design and decision-
making, has the potential to improve policy and management in ways that lead to improvements in human well-being.
Components in italics indicate factors that change on relatively long timescales.
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of ecosystem services, the value of natural
capital and ecosystem services, governance,
and the impacts of policy and management.
Understanding the provision and resilience of
ecosystem services. New knowledge, metrics,
data, and tools have made it easier to assess
and account for nature’s benefits to people
and provide tangible ways to identify and
weigh trade-offs resulting from different
possible decisions. Progress has been made in
quantifying, mapping, and exploring relation-
ships among multiple ecosystem services and
biodiversity (26, 49, 50); predicting changes in
land use, climate, and other drivers of eco-
system change (51); and spatial modeling of
how changes in ecosystems are likely to lead
to changes in the flow of ecosystem services
[31, 33, 46, 52-54; see also Arkema et al. (47)
and Chaplin-Kramer et al. (55) in this issue].

Less progress has been made in under-
standing complex, adaptive system dynamics,
including feedbacks and the potential for
climate change and other major disruptions
to affect natural capital and the future pro-
vision of ecosystem services (56-58). Recent
progress in the area of complex systems and
resilience of ecosystem services (21, 59) uses
both natural and social science to understand
how environmental and social shocks disrupt
systems, and in turn how those systems re-
spond in ways that either undermine or
maintain sustainability. Combining approaches
to understanding resilience with ecosystem
service modeling will assist evaluation and de-
sign of alternative management interventions
so that ecosystem services are more secure in
an uncertain future (29).

Understanding the value of ecosystem ser-
vices and natural capital.

Ecosystem service valuation. The value of
ecosystem services is not always clear to de-
cision-makers or the public. Monetary valu-
ation of ecosystem services is sometimes
helpful. Market and nonmarket valuation
methods from economics are used to esti-
mate ecosystem service values [e.g., Bateman
et al. (60) in this issue]. Numerous studies
report values for a range of services across
many locations (61) but these first-generation
studies generally are insufficient for robust
extrapolation to other locations (58, 62).

Where monetary valuation is highly con-
tested or lacks robustness, or where monetary
value metrics are not relevant to decisions,
it is often preferable to report outcomes
in biophysical terms or directly in terms of
impacts on human health or livelihoods (63-
65). Although recent work has begun to de-
scribe the varied ways in which natural sys-
tems affect human health and well-being [66,
67; see also Bauch et al. (68) in this issue], the
paucity of models and tools for exploring
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regulating and cultural services and con-
necting them to human health and well-being
metrics is a critical research gap.

Natural capital accounting. Maintaining
natural capital is essential for future flows of
ecosystem services. Focusing only on trends
in the provision of services is insufficient.
Current provision of ecosystem services can
be increased temporarily by reducing nat-
ural capital, such as by harvesting more fish
at the expense of depleting stocks. Natural
capital accounts are an important additional
tool for informing sustainable development
(69). Such accounts highlight areas of de-
veloping “natural capital deficit” (42) that may
require policy intervention.

A number of accounting frameworks for
natural capital have been developed, in-
cluding “inclusive wealth,” which attempts
to value all forms of capital assets: human,
manufactured, social, and natural capital
(10, 70). Increasing inclusive wealth means
that future generations are endowed with a
larger “productive base,” capable of providing
more goods and services to support human
well-being. Inclusive wealth can be used as
a gauge of sustainability, although accurate
measurement of the value of capital assets is
challenging (70).

Including future as well as present values
raises questions of how to properly aggregate
values over time. Economists typically argue
that future values should be discounted.
However, the appropriateness of discounting
in cases affecting natural capital with poten-
tially profound influences on future genera-
tions is controversial and entails ethical as
well as economic considerations. Debates on
discounting in the context of climate change
policy highlight the importance and lack of
agreement on how society should aggregate
benefits and costs over time (71, 72).
Understanding governance: Social norms,
policy, incentives, and behavior. Natural cap-
ital is degraded and ecosystem services are
underprovided in large part because of a
failure of markets and other institutions to
provide proper incentives to conserve and
value them (11). Reform of policies and in-
stitutions can help correct the fundamental
asymmetry that rewards production of mar-
keted commodities but fails to reward eco-
system service provision. Incentives to main-
tain or enhance natural capital and increase
provision of ecosystem services can be pro-
vided in a variety of ways, including PES,
environmental taxes, cap-and-trade schemes,
environmental laws and regulations, product
certification, and encouraging social norms
for stewardship.

Social-ecological systems are complex, char-
acterized by multiple interacting processes
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with nonlinear and stochastic dynamics (73).
Multiple scales (local to international) and
forms of governance (e.g., social norms and
policy rules) often overlap and intersect (74)
and typically differ from the biophysical
scales at which ecosystem services are
generated. Policy design for governance of
social-ecological systems should reflect the
underlying complexity of such systems (75)
and should account for the complex spatial
patterns of ecosystem service supply and the
spatial patterns that link supply with bene-
ficiaries [76; see also Bateman et al. (60) in
this issue].

The integration of behavioral economics,
psychology, and resilience theory offers po-
tential for more effective policy design. Be-
havioral economics and social psychology
provide insights into how people make deci-
sions and can lead to better policy and man-
agement interventions (77-79). A growing
body of literature has analyzed approaches
for adaptive management, comanagement,
and governance (25, 30, 80). A better under-
standing of human motivations, preferences,
and cultural norms surrounding nature and
its benefits is a prerequisite for changes in
human-nature interactions. Anthropology,
behavioral economics, psychology, sociology,
and other social sciences are directly relevant.
Understanding impacts of policy and man-
agement. Assessing the impacts of policies
and decisions on the sustainable use of natural
capital and the provision of ecosystem ser-
vices is essential for testing assumptions, and
enabling on-going learning and adaptive man-
agement. Some advances have been made in
evaluating the impact of protected areas [81-
83; see also Bateman et al. (60) and Ferraro
et al. (84) in this issue] and PES programs
on biophysical and social outcomes (85; see
also Li et al. (48) in this issue]. Impact eval-
uation of conservation actions on aspects of
human well-being is significantly behind other
fields (e.g., education and health impact eval-
uation) and remains a critical area for further
work (86).

Evaluating impacts requires monitoring of
relevant biophysical and socioeconomic mea-
sures. Most current monitoring data are in-
adequate. The obvious solution is more com-
prehensive or more relevant data collection,
but this is costly. Analysts must often try to
make clever use of whatever data exist.

Assessing policy impacts is complicated by
confounding factors, complex feedbacks, and
potentially long lags between action and
impacts. Accurately assessing impacts of a
program requires comparison of conditions
postimplementation and a counterfactual of
conditions had the program not been in-
stituted (84, 86). Because it is often difficult to

design experiments at landscape scales, care-
ful control both of the factors going into se-
lection of areas for program implementa-
tion and for potential confounding factors is
needed for relatively unbiased estimates of
program impact (86).

Attribution of impacts from a policy inter-
vention often involves trying to trace through
a complex chain of causation. Understanding
complex causal links is often incomplete and
likely to remain so with emerging novel cli-
mate and ecosystem conditions. Complexity
regarding causation of impacts can complicate
implementation of policies such as PES, with
disputes likely over who should pay for ser-
vices, how much, and who should bear the
risks of underprovision. Shared understanding
of social-ecological dynamics can reduce, but
is unlikely to eliminate, disputes [e.g., Schultz
et al. (30) in this issue].

For many recently instituted interven-
tions, it is simply too early to see significant
impacts. For example, habitat destruction
(or restoration) can lead to eventual bio-
diversity loss (or increase) but the effect may
take decades to centuries (87). However,
program evaluation—even if interim and in-
complete—offers immense value for the de-
sign and ongoing improvement of effective
policies [e.g., Li et al. (48) and Ferraro et al.
(84) this issue].

Incorporating Natural Capital and Eco-
system Services into Policy and Manage-
ment. National governments, international
organizations, businesses, and nongovern-
mental organizations have begun to incor-
porate natural capital and ecosystem service
information into policy and management,
but it is not yet standard practice.

China has ambitious plans to harmonize
economic development with nature to be-
come the “ecological civilization of the 21st
Century” (88). Following severe droughts in
1997 and massive flooding in 1998, China
instituted the world’s largest PES program,
the Sloping Land Conversion Program, en-
rolling 120 million households to convert
cropland into forest and grassland (ap-
proximately 9 million ha) and afforest barren
land (approximately 12 million ha). Progress
on biophysical objectives is being achieved
(89) but progress on social objectives of
poverty alleviation and sustainable livelihoods
is mixed (90). China is now establishing a
network of “Ecosystem Function Conserva-
tion Areas” to focus conservation in areas
with high return-on-investment for public
benefit (91). Ecosystem Function Conserva-
tion Areas now span approximately 35% of
the country and are expected to expand to
45% in 2015 (88). China also announced
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plans to track natural capital and ecosystem
services through a new metric, “gross eco-
system product,” to be reported alongside
GDP (92).

Costa Rica pioneered PES at a national
scale (93) and transformed itself from having
the world’s highest deforestation rate to one
of the few countries with net reforesta-
tion. The program increased forest cover on
farmland under PES contracts from 11% to
17% over 8 y (85), notable given the ongoing
loss of tree cover on farmland globally. The
program also conserved and regenerated for-
est on other lands to provide watershed ser-
vices, biodiversity, and carbon sequestration
(93). It is difficult, however, to fully disen-
tangle the effects of PES from other policy
measures and broader economic trends (93).

Other countries are moving ahead as well.
In South Africa, ecosystem service planning
is linked with development planning to in-
form decisions in water management and al-
location processes, poverty alleviation (94),
disaster management (29), and land-use plan-
ning (95, 96). Belize incorporated the value
of ecosystem services in coastal zone man-
agement to identify the preferred balance
of tourism, fisheries, and coastal protection
goals for the country (47). The United King-
dom conducted a national-scale assessment
of status and trends of ecosystems, services,
and impacts (34). The United Kingdom then
set up a Natural Capital Committee (42) that
reports to the UK Government Economic
Affairs Committee, not the UK Environment
Department. The Gulbenkian Foundation in
Portugal has created the Marine Ecosystem
Services Partnership to share ecosystem ser-
vice information. In Sweden, ecosystem ser-
vices are incorporated into urban planning
and green area management (97). In the
United States, federal agencies have begun to
incorporate ecosystem service information into
decision-making and natural resource damage
assessment (39). A White House interagency
commiittee is exploring further steps and re-
cent legislation directs consideration of eco-
system services in decision-making (41).

Across Latin America there is movement
to use payments to secure water for cities.
Since 2006, more than 40 water funds, sys-
tems of payments from downstream water
consumers to upstream communities to alter
land management and improve water quality
and quantity (32), have been established or
are under development. Standardized ap-
proaches for targeting investments, designing
finance and governance systems, and on-
going monitoring are being developed and
shared (98, 99).

New policies provide incentives to the
private sector. In fisheries, rights-based
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management limits overall harvest, stops the
“race to fish,” reduces unwanted by-catch, and
improves efficiency (19, 100). Cap-and-trade
for carbon emissions, taxes on activities with
negative impacts on ecosystems, PES, and
certification schemes that provide consumers
with information are all ways to realign in-
centives in the private sector to protect and
enhance natural capital and provide eco-
system services. Some corporate CEOs have
committed to including the value of nature
into business practices [101-103; see also
Kareiva et al. (40) in this issue].

Ruckelshaus et al. (63) summarized over
20 examples of ecosystem service approaches
in both private and public spheres to inform
decisions in spatial planning, ecosystem res-
toration, PES, climate adaptation planning,
corporate risk management, development
planning, and permitting of infrastructure
projects.

The World Bank’s Wealth Accounting and
Valuation of Ecosystem Services initiative (69)
is working to expand national economic ac-
counts to include the value of ecosystem ser-
vices and natural capital. The InterAmerican
Development Bank, through its Biodiversity
and Ecosystem Services Program, aims to in-
tegrate ecosystem services into infrastructure
investments. For all loans, the International
Finance Corporation requires assessment of
ecosystem service impacts in its environ-
mental impact assessments (18). Similarly,
the United Nations has advanced the ac-
counting of ecosystem services and natural
capital. The Statistics Division has created
experimental ecosystem accounts as part of
the revision of the System of Environmental
and Economic Accounts. The Inclusive
Wealth Report provides information for 140
countries on changes in natural capital over
the past 20 y (104). However, significant data
gaps remain. Most nonmarket values are not
included in these efforts. Evidence that such
information is being used in policy is also
needed. GDP, by comparison, is regularly
calculated, reported, and cited for almost
all countries.

Despite this progress, incorporation of nat-
ural capital and ecosystem service informa-
tion into diverse decisions remains the ex-
ception, not the rule. In the next section, we
suggest a strategy for building on progress to
bolster real-world implementation.

A strategy for future success includes: (i) de-
veloping solid evidence linking decisions to
impacts on natural capital and ecosys-
tem services, and then to human well-
being; (ii) working closely with leaders in

governments, businesses, and civil society to
develop and make accessible the knowledge,
tools, and practices necessary to integrate
natural capital and ecosystem services into
everyday decision-making; and (iii) reform-
ing policies and institutions and building
capacity to better align private short-term
goals with societal long-term goals.

A growing number of cases suggest that
incorporating natural capital and ecosystem
service information into decisions is prac-
tical and can lead to decisions that secure a
broader set of desired outcomes (e.g., refs.
29, 41, 47, and 48). Making better decisions
requires solid evidence that demonstrates
how incorporating natural capital and eco-
system service understanding can lead to
outcomes that improve human well-being in
the short and long term. This evidence will
necessarily combine biophysical, economic,
and social data. Most compelling will be a
robust portfolio of well-documented studies
that include both successes and failures,
allowing the next generation of policy design
to learn from past efforts.

Conducting ecosystem service science
linked to specific decision contexts will pro-
vide invaluable learning opportunities. Some
examples of promising decision contexts in-
clude: securing water for cities, national and
coastal development planning, fishery man-
agement and ocean conservation, corporate
supply chains, and infrastructure investment
(Table 1). Refining and replicating these ap-
proaches to bring them into the mainstream
can spur innovation and action that may
drive deep, systemic change for sustainability.

Engaging with leaders will help move from
vision to action. True engagement requires
codeveloping knowledge and understanding
and cocreating tools that address real-world
challenges (105-107). Such engagement within
decision-making processes improves the sa-
lience, credibility, and legitimacy of the sci-
ence (108) and its uptake (63, 109). Further-
more, leaders can encourage greater uptake
of ecosystem service information by im-
proving accessibility of science and data. A
platform that reduces the time and cost
associated with sharing useable biophysical
and social data could greatly enhance trans-
parency and trust needed among parties
striving to balance multiple development and
environmental objectives.

Perhaps the most difficult challenge in the
path of success is removing the fundamental
asymmetry at the heart of economic systems,
which rewards production of marketed com-
modities but not the provision of nonmarketed
ecosystem services or the sustainable use
of natural capital that supports these ser-
vices. As mentioned above, numerous policy
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Table 1.

Opportunity

Geography/possible key
actors

Context

Specific questions

Some promising opportunities to effect large-scale transformative change in the near future

What is at stake?

Scalability

Securing water
for cities

Africa, Latin America;
Water Funds Platforms
(including city water
companies, local
governments,
development banks)

Prioritize investments in
watersheds for ensuring
access to clean water and
associated benefits, by
identifying areas most
important to conserve or
restore and how changes
will enhance or secure
water-related ecosystem
services

(i) To maintain/improve
water purification and
regulation, where in the
watershed is most
important to restore
or protect?

(i) Which activities will
promote the most
cost-effective outcomes
for desired benefits?

The 30 funds established
or in development
worldwide approach ~$1
billion in spending;
targeted investments can
produce three to six times
more efficient outcomes

The number of water
funds in operation has
more than doubled in
the past 5y, another
doubling is expected in
the next decade

National
development
plans

China; Chinese
government

Inform zoning of ecosystem

function conservation areas

to ensure most vital natural
capital assets are secured

and livelihoods are

improved; focus on securing
local surface water and
water from W. China for
Beijing as well as Hainan

Island pilot

(i) What areas should be
zoned for conservation to
most cost-effectively
secure key natural capital
assets and improve
livelihoods?

(if) What magnitude
of investment is needed?
(iif) How might
eco-compensation
policies be designed?

Essential to national and
economic security
(environmental
degradation equivalent to
9% of China’s gross
national income)

Scalable throughout
China and as an example
for other nations

National
development
plans

South Africa; South
African government

Invest in conserving Strategic
Water Source Areas in South
Africa for urban and
agricultural water security

How and where should
large national investments
from South Africa’s
National Infrastructure Plan
be directed?

Strategic Water Source
areas are 8% of land area,
securing 50% of national

water supply

Replicable in other
regions

Corporate supply
chains with
agricultural
products

Global; International
corporations (e.g.,
Unilever, Coca-cola)

Incorporate ecosystem
services into sourcing,
product development, or
certification strategies by
selecting the most
sustainable regions/materials
or adopting ecosystem
service standards for
agricultural practices

(/) What are the
relative impacts
and dependencies
for different sourcing
locations or material
ingredients?

(if) Where should suppliers
apply best management
practices for optimal
ecosystem outcomes at
lowest production costs?

Top multinational
corporations have larger
GDPs than most nations,
and demand significant

portions of global
agricultural product (e.g.,
Unilever purchases up to

12% of black tea globally)

The standards and
approaches adopted by
corporate leaders can be
scaled throughout other

companies in their

sectors

Sustainable
infrastructure
investments

Latin America; Inter-
American Development
Bank (IDB)

Quantify and value impacts
and dependencies of roads
on ecosystem services;
integrate into cost benefit
analysis for road siting and
investment and mitigation
decisions to ensure
compliance with in-country
offset regulation and IDB
standards

(i) Which projects should
be prioritized across
the portfolio (based

on dependence
and impacts)?

(if) Within a project, how
and where should
development be designed
to minimize impacts, and
how does the environment
affect infrastructure
security?

IDB spending $5B/y on
infrastructure lending
($1.67B on transportation,
79% of that on roads)

Scalable across IDB and
to other multilaterals.
Building capacity within
IDB and with consultants

National and
international
fishery reforms

National governments
and international
regional fishery
management
organizations

Reform management to
incentivize sustainable
fisheries and protection of
habitat and biodiversity

(i) Which fisheries are most
appropriate for rights-
based approaches that

can incentivize sustainable
fisheries and habitat/
biodiversity protection?

(i) How can use of high
seas be sustainable?

Food and economic
security for the billions
of people who depend

upon seafood for
protein and poverty

alleviation without eroding

the resilience of ocean
ecosystems in the face of

continued exploitation,
climate change, and ocean

acidification

Scalable across nations
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approaches exist to correct this market
failure (PES, environmental taxes, cap-
and-trade schemes, environmental regula-
tions, product certification). Implementing
these policy approaches requires the other
two conditions for success: evidence on out-
comes under alternative strategies, and en-
gaged and committed leadership that will re-
form institutions and implement governance.

The eight Millennium Development Goals
established by the United Nations in 2000
were one mechanism through which the in-
ternational community hoped to encourage
integration of well-being, poverty alleviation,
and environmental objectives. In 2005, the
MA concluded that policy interventions to
improve human well-being through devel-
opment rarely considered sustainable use of
natural capital and had achieved only mixed
success (2). Achievement of the Millennium
Development Goals has been hampered by
poor integration between environmental
and other targets, among other issues (110-
112). The United Nation’s new Sustainable
Development Goals (SDGs) better integrate
the three pillars of sustainable development
(social, economic, and environmental) but
the true test will be in implementation. Ac-
tionable, easy-to-communicate goals, targets,
and indicators that include connections be-
tween nature and human well-being are
needed. As demonstrated by the papers in
this Special Feature, the data, methods, tech-
nology, and body of evidence on the value of
natural capital and ecosystem services have
advanced rapidly over the past decade and
are ripe for inclusion in the implementation
of the SDGs and the country plans to follow.
Many important building blocks are in place
for achieving sustainable development by
active stewardship of natural capital along-
side human, manufactured, built, financial,
and social capital.

The UN Secretary General’s High-level
Panel on Global Sustainability argues that
“by making transparent both the cost of ac-
tion and the cost of inaction, political pro-
cesses can summon both the arguments and
the political will necessary to act for a sus-
tainable future. . .to eradicate poverty, reduce
inequality and make growth inclusive, and
production and consumption more sustain-
able, while combating climate change and
respecting a range of other planetary bound-
aries” (113). Similarly, the World Business
Council for Sustainable Development in its
Vision 2050 document defined their goal as
“not just living on the planet, but living
well and within the limits of the planet. . ..
This guiding star is an attempt to help leaders
across governments, businesses and civil
society avoid repeating mistakes of the

7354 | www.pnas.org/cgi/doi/10.1073/pnas.1503751112

past—making decisions in isolation that re-
sult in unintended consequences for people,
the environment and planet Earth” (38).
This vision has recently been translated to
an Action 2020 agenda, defining guardrails
for businesses to be able to thrive within a
safe operating space on Earth; a similar
framework has been proposed to guide the
United Nation’s SDGs (114). Progress since

1 Maddison A (2007) Contours of the World Economy 1-2030 AD:
Essays in Macro-Economic History (Oxford Univ Press, Oxford).

2 Millenium Ecosystem Assessment Panel (2005) Ecosystems and
Human Well-Being: Synthesis. Millenium Ecosystem Assessment
Series (Island Press, Washington, DC).

3 Intergovernmental Panel on Climate Change (IPCC) (2014)
Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Working Group Il Contribution to the IPCC 5th Assessment Report
(IPCQ). Available at www.ipcc.ch/report/ar5/wg2/. Accessed May 21,
2015.

4 National Climate Assessment (NCA) (2014) 2014 National Climate
Assessment (US Global Change Research Program, Washington, DC).
5 Risky Business Project (2014) Risky Business: The Economic Risks
of Climate Change in the United States. Available at riskybusiness.
org/reports/national-report/. Accessed May 21, 2015.

6 United Nations Secretariat (2012) 2012 Revision of the World
Population Prospects. Available at esa.un.org/wpp/. Accessed May
21, 2015.

7 Steffen W, et al. (2015) Sustainability. Planetary boundaries:
Guiding human development on a changing planet. Science
347(6223):1259855.

8 United Nations, Department of Economic and Social Affairs,
Population Division (2014) World Urbanization Prospects: The 2014
Revision. Available at esa.un.org/wpp/. Accessed May 21, 2015.

9 Stiglitz J, Sen A, Fitoussi J-P (2009) Report by the Commission on
the Measurement of Economic Performance and Social Progress
(Commission on the Measurement of Economic Performance and
Social Progress, Paris).

10 United Nations (2012) Inclusive Wealth Report 2012: Measuring
Progress Toward Sustainability | Natural Resource and
Environmental Economics (Cambridge Univ Press, Cambridge, UK).
11 Kinzig AP, et al. (2011) Sustainability. Paying for ecosystem
services—Promise and peril. Science 334(6056):603-604.

12 TEEB (2010) Mainstreaming the Economics of Nature:

A Synthesis of the Approach, Conclusions and Recommendations
of TEEB. Available at www.teebweb.org/publication/. Accessed May
21, 2015.

13 Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES) (2012) Catalogue of Assessments on Biodiversity and
Ecosystem Services. Available at catalog.ipbes.net. Accessed May 21,
2015.

14 Fisher B, Turner RK, Morling P (2009) Defining and classifying
ecosystem services for decision making. Ecol Econ 68(3):643-653.
15 Costanza R, Kubiszewski | (2012) The authorship structure of
“ecosystem services” as a transdisciplinary field of scholarship.
Ecosystem Services 1(1):16-25.

16 Carpenter SR, et al. (2009) Science for managing ecosystem
services: Beyond the Millennium Ecosystem Assessment. Proc Nat!
Acad Sci USA 106(5):1305-1312.

17 Nahlik AM, Kentula ME, Fennessy MS, Landers DH (2012) Where
is the consensus? A proposed foundation for moving ecosystem
service concepts into practice. £col Econ 77:27-35.

18 Polasky S, Tallis H, Reyers B (2015) Setting the bar: Standards for
ecosystem services. Proc Natl Acad Sci USA 112:7356-7361.

19 Barner A, et al. (2015) Solutions for recovering and sustaining the
bounty of the ocean: Combining fishery reforms, rights-based
fisheries management and marine reserves. Oceanography 28(2).
20 Berkes F (2000) Linking Social and Ecological Systems:
Management Practices and Social Mechanisms for Building
Resilience, ed Folke C (Cambridge Univ Press, Cambridge, UK).

21 Biggs R, et al. (2012) Toward principles for enhancing the
resilience of ecosystem services. Annu Rev Environ Resour 37(37):
421-448.

22 folke C, et al. (2002) Resilience and sustainable development:
Building adaptive capacity in a world of transformations. Ambio
31(5):437-440.

23 Scheffer M, et al. (2015) Climate and conservation. Creating a
safe operating space for iconic ecosystems. Science 347(6228):
1317-1319.

the MA—in increasing awareness, advanc-
ing science, and beginning the long and
difficult road to implementation—suggests
that we can indeed go beyond promise to
inspire and empower leaders to include
natural capital and ecosystem services in
their decisions. As human populations grow,
and grow increasingly disconnected from
nature, sustainability requires no less.

24 Levin SA, Lubchenco J (2008) Resilience, robustness, and marine
ecosystem-based management. Bioscience 58(1):27-32.

25 Folke C, et al. (2010) Resilience thinking: Integrating resilience,
adaptability and transformability. £col Soc 15(4):20-28.

26 Reyers B, Polasky S, Tallis H, Mooney HA, Larigauderie A (2012)
Finding common ground for biodiversity and ecosystem services.
Bioscience 62(5):503-507.

27 Regan HM, et al. (2005) Robust decision-making under severe
uncertainty for conservation management. Ecol Appl 15(4):
1471-1477.

28 Liu J, et al. (2015) Sustainability. Systems integration for global
sustainability. Science 347(6225):1258832.

29 Reyers B, Nel JL, O'Farrell PJ, Sitas N, Nel DC (2015) Navigating
complexity through knowledge coproduction: Mainstreaming
ecosystem services into disaster risk reduction. Proc Natl Acad Sci
USA 112:7362-7368.

30 Schultz L, Folke C, Osterblom H, Olsson P (2015) Adaptive
governance, ecosystem management, and natural capital. Proc Nat/
Acad Sci USA 112:7369-7374.

31 Kareiva P, Tallis H, Ricketts TH, Daily GC, Polasky S (2011) Natural
Capital: Theory and Practice of Mapping Ecosystem Services (Oxford
Univ Press, New York), 1st edition.

32 Goldman-Benner RL, et al. (2012) Water funds and payments for
ecosystem services: Practice learns from theory and theory can learn
from practice. Oryx 46(1):55-63.

33 Zheng H, et al. (2013) Benefits, costs, and livelihood implications
of a regional payment for ecosystem service program. Proc Natl Acad
Sci USA 110(41):16681-16686.

34 UK National Ecosystem Assessment (2011) The UK National
Ecosystem Assessment: Synthesis of the Key Findings (UNEP-WCMC,
Cambridge, UK).

35 Duraiappah AK, et al. (2014) Managing the mismatches to
provide ecosystem services for human well-being: A conceptual
framework for understanding the New Commons. Curr Opin Environ
Sustain 7:94-100.

36 Ecosystem Services for Poverty Alleviation (ESPA) (2010)
Ecosystem Services for Poverty Alleviation Programme
Memorandum. Available at www.espa.ac.uk/files/espa/espa-
programme-plan.pdf. Accessed May 21, 2015.

37 Niyondiko T (2014) PEI Annual Progress Report. Available at
www.unpei.org. Accessed May 21, 2015.

38 World Business Council for Sustainable Development (WBCSD)
(2010) Vision 2050: The New Agenda for Business. Available at
www.wbcsd.org/pages/edocument/edocumentdetails.aspx?id=219.
Accessed May 21, 2015.

39 National Research Council (2013) An Ecosystem Services
Approach to Assessing the Impacts of the Deepwater Horizon
Oil Spill in the Gulf of Mexico (National Academies Press,
Washington, DC).

40 Kareiva PM, McNally BW, McCormick S, Miller T, Ruckelshaus M
(2015) Improving global environmental management with standard
corporate reporting. Proc Natl Acad Sci USA 112:7375-7382.

41 Schaefer M, Goldman E, Bartuska AM, Sutton-Grier A,
Lubchenco J (2015) Nature as capital: Advancing and incorporating
ecosystem services in United States federal policies and programs.
Proc Natl Acad Sci USA 112:7383-7389.

42 Natural Capital Committee (2015) The State of Natural Capital:
Protecting and Improving Natural Capital for Prosperity and
Wellbeing (Natural Capital Committee, London).

43 World Economic Forum (2015) Global Risks 2015. Available at
reports.weforum.org/global-risks-2015/. Accessed May 22, 2015.
44 Gallup (2015) Gallup Most Important Problem Poll. Available at
www.gallup.com/poll/1675/most-important-problem.aspx. Accessed
January 26, 2015.

45 Sukhdev P (2012) Corporation 2020: Transforming Business for
Tomorrow’s World (Island Press, Washington, DC).

46 Goldstein JH, et al. (2012) Integrating ecosystem-service
tradeoffs into land-use decisions. Proc Natl Acad Sci USA 109(19):
7565-7570.

Guerry et al.


http://www.ipcc.ch/report/ar5/wg2/
http://riskybusiness.org/reports/national-report/
http://riskybusiness.org/reports/national-report/
http://esa.un.org/wpp/
http://esa.un.org/wpp/
http://www.teebweb.org/publication/
http://catalog.ipbes.net
http://www.espa.ac.uk/files/espa/espa-programme-plan.pdf
http://www.espa.ac.uk/files/espa/espa-programme-plan.pdf
http://www.unpei.org
http://www.wbcsd.org/pages/edocument/edocumentdetails.aspx?id=219
http://reports.weforum.org/global-risks-2015/
http://www.gallup.com/poll/1675/most-important-problem.aspx
www.pnas.org/cgi/doi/10.1073/pnas.1503751112

!
o

g

Downloaded at KIT Library on February 23, 2022

47 Arkema KK, et al. (2015) Embedding ecosystem services in
coastal planning leads to better outcomes for people and nature.
Proc Natl Acad Sci USA 112:7390-7395.

48 Li C, et al. 2015) Impacts of conservation and human
development policy across stakeholders and scales. Proc Natl Acad
Sci USA 112:7396-7401.

49 Cardinale BJ, et al. (2012) Biodiversity loss and its impact on
humanity. Nature 486(7401):59-67.

50 Raudsepp-Hearne C, Peterson GD, Bennett EM (2010) Ecosystem
service bundles for analyzing tradeoffs in diverse landscapes. Proc
Natl Acad Sci USA 107(11):5242-5247.

51 Lawler JJ, et al. (2014) Projected land-use change impacts on
ecosystem services in the United States. Proc Natl Acad Sci USA
111(20):7492-7497.

52 Bateman 1), et al. (2013) Bringing ecosystem services into
economic decision-making: Land use in the United Kingdom. Science
341(6141):45-50.

53 Arkema KK, et al. (2013) Coastal habitats shield people and
property from sea-level rise and storms. Nat Clim Change 3(10):
913-918.

54 Barbier EB, et al. (2011) The value of estuarine and coastal
ecosystem services. Ecol Monogr 81(2):169-193.

55 Chaplin-Kramer R, et al. (2015) Spatial patterns of agricultural
expansion determine impacts on biodiversity and carbon storage.
Proc Natl Acad Sci USA 112:7402-7407.

56 Polasky S, Nelson E, Pennington D, Johnson KA (2011) The
impact of land-use change on ecosystem services, biodiversity and
returns to landowners: A case study in the State of Minnesota.
Environ Resour Econ 48(2):219-242.

57 Mooney HA, et al. (2009) Biodiversity, climate change, and
ecosystem services. Curr Opin Environ Sustain 1(1):46-54.

58 Seppelt R, Dormann CF, Eppink F, Lautenbach S, Schmidt S
(2011) A quantitative review of ecosystem service studies:
Approaches, shortcomings and the road ahead. J App! Ecol 48(3):
630-636.

59 Reyers B, et al. (2013) Getting the measure of ecosystem
services: A social-ecological approach. Front Ecol Environ 11(5):
268-273.

60 Bateman 1), et al. (2015) Conserving tropical biodiversity via
market forces and spatial targeting. Proc Nat/ Acad Sci USA
112:7408-7413.

61 Van der Ploeg S, de Groot RS (2010) The TEEB Valuation
Database—A Searchable Database of 1310 Estimates of Monetary
Values of Ecosystem Services (Foundation for Sustainable
Development, Wageningen, The Netherlands).

62 Plummer ML (2009) Assessing benefit transfer for the valuation
of ecosystem services. Front Ecol Environ 7(1):38-45.

63 Ruckelshaus M, et al. (2015) Notes from the field: Lessons
learned from using ecosystem service approaches to inform real-
world decisions. Ecol Econ 115:11-21.

64 Keeler BL, et al. (2012) Linking water quality and well-being for
improved assessment and valuation of ecosystem services. Proc Nat!
Acad Sci USA 109(45):18619-18624.

65 Myers SS, et al. (2013) Human health impacts of ecosystem
alteration. Proc Natl Acad Sci USA 110(47):18753-18760.

66 Russell R, et al. (2013) Humans and nature: How knowing and
experiencing nature affect well-being. Annu Rev Environ Resour
38(1):473-502.

67 Chan KMA, Satterfield T, Goldstein J (2012) Rethinking
ecosystem services to better address and navigate cultural values.
Ecol Econ 74:8-18.

68 Bauch SC, Birkenbach AM, Pattanayak SK, Sills EO (2015) Public
health impacts of ecosystem change in the Brazilian Amazon. Proc
Natl Acad Sci USA 112:7414-7419.

69 WAVES (2014) Wealth Accounting and the Valuation of
Ecosystem Services. WAVES Annual Report 2014. Available at

Guerry et al.

www.wavespartnership.org/sites/waves/files/documents/
WAVES_2014AR_REV_low_FINAL.pdf. Accessed May 22, 2015.

70 Arrow K, et al. (2004) Are we consuming too much? J Econ
Perspect 18(3):147-172.

71 Nordhaus WD (2007) The Stern review of the economics of
climate change. J Econ Lit 45(3):686-702.

72 Stern N (2008) The economics of climate change. Am Econ Rev
98(2):1-37.

73 Levin S, et al. (2013) Social-ecological systems as complex
adaptive systems: Modeling and policy implications. Environ Dev
Econ 18(02):111-132.

74 Ostrom E (2010) Beyond markets and states: Polycentric
governance of complex economic systems. Am Econ Rev 100(3):
641-672.

75 Ostrom E (2007) A diagnostic approach for going beyond
panaceas. Proc Natl Acad Sci USA 104(39):15181-15187.

76 Polasky S, Lewis DJ, Plantinga AJ, Nelson E (2014) Implementing
the optimal provision of ecosystem services. Proc Natl Acad Sci USA
111(17):6248-6253.

77 Shogren JF, Taylor LO (2008) On behavioral-environmental
economics. Rev Environ Econ Policy 2(1):26-44.

78 Camerer CF, Loewenstein G, Rabin M (2011) Advances in
Behavioral Economics (Princeton Univ Press, Princeton, NJ).

79 Ostrom E (1998) A behavioral approach to the rational choice
theory of collective action: Presidential Address, American Political
Science Association, 1997. Am Polit Sci Rev 92(1):1-22.

80 Bodin 0, Tengd M (2012) Disentangling intangible
social-ecological systems. Glob Environ Change 22(2):430-439.

81 Andam KS, Ferraro PJ, Sims KRE, Healy A, Holland MB (2010)
Protected areas reduced poverty in Costa Rica and Thailand. Proc
Natl Acad Sci USA 107(22):9996-10001.

82 Ferraro PJ, Hanauer MM, Sims KRE (2011) Conditions associated
with protected area success in conservation and poverty reduction.
Proc Natl Acad Sci USA 108(34):13913-13918.

83 Sala E, et al. (2013) A general business model for marine
reserves. PLoS ONE 8(4):e58799.

84 Ferraro PJ, et al. (2015) Estimating the impacts of conservation
on ecosystem services and poverty by integrating modeling and
evaluation. Proc Natl Acad Sci USA 112:7420-7425.

85 Arriagada RA, Ferraro PJ, Sills EO, Pattanayak SK, Cordero-
Sancho S (2012) Do payments for environmental services affect forest
cover? A farm-level evaluation from Costa Rica. Land Econ 88(2):
382-399.

86 Ferraro PJ, Pattanayak SK (2006) Money for nothing? A call for
empirical evaluation of biodiversity conservation investments. PLoS
Biol 4(4):e105.

87 Tilman D, May RM, Lehman CL, Nowak MA (1994) Habitat
destruction and the extinction debt. Nature 371(6492):65-66.

88 National Development and Reform Commission (2013) Opinions
on Accelerating the Construction of Ecological Civilization (National
Development and Reform Commission of People’s Republic of China,
Beijing).

89 LiuJ, Li S, Ouyang Z, Tam C, Chen X (2008) Ecological and
socioeconomic effects of China’s policies for ecosystem services. Proc
Natl Acad Sci USA 105(28):9477-9482.

90 LiJ, Feldman MW, Li S, Daily GC (2011) Rural household income
and inequality under the Sloping Land Conversion Program in
western China. Proc Natl Acad Sci USA 108(19):7721-7726.

91 Daily GC, et al. (2013) Securing natural capital and human well-
being: Innovation and impact in China. Shengtai Xuebao Acta Ecol
Sin 33(3):677-685.

92 Zhiyun O, et al. (2013) Gross ecosystem product: Concept,
accounting framework and case study. Acta Ecol Sin 33:6747-6761.
93 Pagiola S (2008) Payments for environmental services in Costa
Rica. Ecol Econ 65(4):712-724.

94 Turpie JK, Marais C, Blignaut JN (2008) The working for water
programme: Evolution of a payments for ecosystem services
mechanism that addresses both poverty and ecosystem service
delivery in South Africa. Ecol Econ 65(4):788-798.

95 Egoh BN, Reyers B, Rouget M, Richardson DM (2011) Identifying
priority areas for ecosystem service management in South African
grasslands. J Environ Manage 92(6):1642-1650.

96 Reyers B, et al. (2009) Ecosystem services, land-cover change,
and stakeholders: Finding a sustainable foothold for a semiarid
biodiversity hotspot. Ecol Soc 14(1):38.

97 Growth, Environment and Regional Planning (2013) Ecosystem
Services in the Stockholm Region, Stockholm County,
Sweden—NMaking the Value of Ecosystem Services Visible

(Swedish Government Inquiries, Stockholm, Sweden).

98 Higgins J, et al. (2013) A Primer for Monitoring Water Funds (The
Nature Conservancy, Arlington, VA), Available at www.
fondosdeagua.org/sites/default/files/Water%20Funds_Monitoring%
20Primer_TNC_2013.pdf. Accessed May 22, 2015.

99 Vogl A, et al. (2015) Resource Investment Optimization System:
Introduction & Theoretical Documentation (Natural Capital Project,
Stanford Univ, Stanford, CA), Available at naturalcapitalproject.org/
RIOS.html. Accessed May 22, 2015.

100 Costello C, Gaines SD, Lynham J (2008) Can catch shares
prevent fisheries collapse? Science 321(5896):1678-1681.

101 Unilever (2014) Unilever Sustainable Living Plan, Scaling for
Impact: Summary of Progress 2014. Available at www.unilever.
com/Images/uslp-Unilever-Sustainable-Living-Plan-Scaling-for-
Impact-Summary-of-progress-2014_tcm244-424809.pdf.
Accessed May 22, 2015.

102 The Nature Conservancy and Dow (2013) Annual Progress
Report. Available at www.nature.org/about-us/working-with-
companies/companies-we-work-with/dow/2013-dow-collaboration-
annual-progress-report.pdf. Accessed May 22, 2015.

103 Consumer Goods Forum (2013) Sustainability Action Toolkit.
Available at www.theconsumergoodsforum.com/download-
sustainability-activation-toolkit. Accessed May 22, 2015.

104 [HDP-UNU and UNEP (2014) The Inclusive Wealth Report 2014
(Cambridge Univ Press, Cambridge, UK).

105 Cowling RM, et al. (2008) An operational model for
mainstreaming ecosystem services for implementation. Proc Nat/
Acad Sci USA 105(28):9483-9488.

106 Stokes DE (1997) Pasteurs Quadrant: Basic Science and
Technological Innovation (Brookings Institute, Washington, DC).
107 Tengd M, Brondizio ES, Elmqvist T, Malmer P, Spierenburg M
(2014) Connecting diverse knowledge systems for enhanced
ecosystem governance: The multiple evidence base approach. Ambio
43(5):579-591.

108 Cash DW, et al. (2003) Knowledge systems for sustainable
development. Proc Natl Acad Sci USA 100(14):8086-8091.

109 McKenzie E, et al. (2014) Understanding the use of ecosystem
service knowledge in decision making: lessons from international
experiences of spatial planning. Environ Plann C Gov Policy 32(2):
320-340.

110 Sachs JD, et al. (2009) Biodiversity conservation and the
millennium development goals. Science 325(5947):1502-1503.
111 Sumner A, Melamed C (2010) Introduction—The MDGs and
beyond: Pro-poor policy in a changing world. /DS Bull 41(1):1-6.
112 Manning R (2010) The impact and design of the MDGs: Some
reflections. /DS Bull 41(1):7-14.

113 UN Secretary General's High-Level Panel on Global
Sustainability (2012) Resilient People, Resilient Planet: A Future
Worth Choosing (United Nations, New York).

114 Griggs D, et al. (2013) Policy: Sustainable development goals
for people and planet. Nature 495(7441):305-307.

115 Sen A (1985) Commodities and Capabilities (North-Holland,
Amsterdam).

PNAS | June 16,2015 | vol. 112 | no.24 | 7355

0
=
S
=
5
-
<
o
w
a
7]

INTRODUCTION



http://www.wavespartnership.org/sites/waves/files/documents/WAVES_2014AR_REV_low_FINAL.pdf
http://www.wavespartnership.org/sites/waves/files/documents/WAVES_2014AR_REV_low_FINAL.pdf
http://www.fondosdeagua.org/sites/default/files/Water%20Funds_Monitoring%20Primer_TNC_2013.pdf
http://www.fondosdeagua.org/sites/default/files/Water%20Funds_Monitoring%20Primer_TNC_2013.pdf
http://www.fondosdeagua.org/sites/default/files/Water%20Funds_Monitoring%20Primer_TNC_2013.pdf
http://naturalcapitalproject.org/RIOS.html
http://naturalcapitalproject.org/RIOS.html
http://www.unilever.com/Images/uslp-Unilever-Sustainable-Living-Plan-Scaling-for-Impact-Summary-of-progress-2014_tcm244-424809.pdf
http://www.unilever.com/Images/uslp-Unilever-Sustainable-Living-Plan-Scaling-for-Impact-Summary-of-progress-2014_tcm244-424809.pdf
http://www.unilever.com/Images/uslp-Unilever-Sustainable-Living-Plan-Scaling-for-Impact-Summary-of-progress-2014_tcm244-424809.pdf
http://www.nature.org/about-us/working-with-companies/companies-we-work-with/dow/2013-dow-collaboration-annual-progress-report.pdf
http://www.nature.org/about-us/working-with-companies/companies-we-work-with/dow/2013-dow-collaboration-annual-progress-report.pdf
http://www.nature.org/about-us/working-with-companies/companies-we-work-with/dow/2013-dow-collaboration-annual-progress-report.pdf
http://www.theconsumergoodsforum.com/download-sustainability-activation-toolkit
http://www.theconsumergoodsforum.com/download-sustainability-activation-toolkit

