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Around the world, leaders are increasingly recognizing ecosystems as natural capital assets that supply life-support services of tremendous
value. The challenge is to turn this recognition into incentives and institutions that will guide wise investments in natural capital, on a
large scale. Advances are required on three key fronts, each featured here: the science of ecosystem production functions and service map-
ping; the design of appropriate finance, policy, and governance systems; and the art of implementing these in diverse biophysical and so-
cial contexts. Scientific understanding of ecosystem production functions is improving rapidly but remains a limiting factor in incorporating
natural capital into decisions, via systems of national accounting and other mechanisms. Novel institutional structures are being estab-
lished for a broad array of services and places, creating a need and opportunity for systematic assessment of their scope and limitations.
Finally, it is clear that formal sharing of experience, and defining of priorities for future work, could greatly accelerate the rate of innova-
tion and uptake of new approaches.

E
ven in the face of intensifying
pressures and risks on the global
environmental front, there is a
growing feeling of Renaissance

in the conservation community. This
f lows from the promise in reaching, to-
gether with a much more diverse and
powerful set of leaders than in the past,
for new approaches that align economic
forces with conservation, and that ex-
plicitly link human and environmental
well-being (1). And this promise is f low-
ering thanks to substantial recent ad-
vances in key areas of inquiry, such as
ecology, economics, and institutions,
and their integration (2–5).

Conservation efforts now are expanding
into realms well beyond reserves, beyond
charity, and beyond biodiversity—and
into the mainstream (6). While retaining a
core focus on protected areas designed to
sustain biodiversity, the new arenas of
conservation are much bigger and much
more complex than the old. They encom-
pass new places dominated by human ac-
tivity, new revenue streams from public
and private sectors, and new goals of eco-
system service provision. In fact, they en-
compass important elements of tradi-
tional, non-Western approaches (7, 8).
Scholars and practitioners are seeking to
make conservation economically attractive
and commonplace, routine in the deci-
sion-making of individuals, communities,
corporations, and governments (9).

Here, we feature contributions that
span the fundamental science of ecosys-
tem services through to the design, im-
plementation, and assessment of finance
and policy mechanisms and systems of
governance. Each contribution is ori-
ented around decisions, often cast in
terms of tradeoffs among alternative
future scenarios of change, whether in
natural resource management, popula-
tion, climate, or other key drivers.

Linking Conservation and Development
We open with two pieces that set the
stage, presenting frameworks for linking

conservation and human development,
and for incorporating material and in-
tangible values of natural capital into
decision-making. Tallis et al. (10) ana-
lyze World Bank projects with win–win
objectives of alleviating poverty and pro-
tecting biodiversity, and find a success
rate of one in six. Using case studies,
they then propose a framework for an-
ticipating and improving the outcomes
of such projects.

Mäler et al. (11) review the history of
green accounting and identify two major
challenges to incorporating natural capital
systematically into economic accounts: (i)
the characterization of production func-
tions for ecosystems, i.e., dynamic models
that translate the structure and function
of ecosystems into the provision of ser-
vices; and (ii) the development of institu-
tions whose reach and strength is tightly
knitted to the estimation of accounting
prices for ecosystem services. Under weak
institutions, accounting prices will be low
(or even negative); as institutions improve,
one expects (all else equal) accounting
prices to increase.

Tallis et al. (10) and Mäler et al. (11)
both make compelling calls for intensive,
interdisciplinary study of priority ecosys-
tems and ecosystem service-oriented
projects, in which the potential for rapid
general advances in understanding is high.
They also call for standardized techniques
and metrics for valuing and monitoring
services.

Modeling Provision of Ecosystem
Services and Biodiversity Conservation
The next two contributions take big
steps in the directions suggested. Nelson
et al. (12) present a model that inte-
grates the effects of policy on land-use
decisions and the resulting consequences
for the joint provision of ecosystem ser-
vices and biodiversity conservation
across a landscape. They use data from
the Willammette Basin in Oregon,
United States, a very well studied re-
gion, and find that policies aimed at in-

creasing carbon sequestration do not
necessarily increase species conservation
(and vice versa). A clear finding is that
if payments for ecosystem services are
not carefully designed, they may yield
minimal gains in services of interest,
and may well harm the production of
other services and biodiversity conserva-
tion. However, the authors demonstrate
how new tools can enable good design
and progress toward multiple, poten-
tially competing objectives.

Naidoo et al. (13) attempt to quantify
and map the production of ecosystem ser-
vices globally, to compare service produc-
tion with priority sites for biodiversity
conservation. They find that spatial con-
cordance among different services and
between ecosystem services and conserva-
tion priorities varies widely. Nonetheless,
their analysis permits clear identification
of areas in which payments for ecosystem
services (PES) are more likely than else-
where to achieve biodiversity conservation
objectives.

Challenges of Implementation
The special issue then turns to policy
design and implementation. Jack et al.
(14) systematically review the history of
incentive-based mechanisms for environ-
mental policy, drawing lessons and in-
sights for the design of PES schemes.
Such schemes compensate individuals or
communities for undertaking actions
that increase the provision of ecosystem
services. The authors illustrate how the
effectiveness of PES schemes is influ-
enced by the biophysical, socioeconomic,
political, and general dynamic context,
giving concrete examples.

Cowling et al. (15) go a step further,
proposing a pragmatic, operational
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model for achieving the safeguarding of
ecosystem services in a given place.
They focus on internalizing ecosystem
service concerns into land- and water-
use planning sectors, based on experi-
ence in South Africa. At the core of
their model are three key elements, all
very challenging but important to
achieve: socially relevant, user-inspired
research, stakeholder empowerment,
and adaptive management embedded in
learning organizations. With these, one
can establish the necessary enabling
conditions, windows of opportunity,
mechanisms for change, and outcomes
of effectiveness.

Through a contrasting point of entry,
Olsson et al. (16) explore the strategies
and actions that enabled the case of a
recent transition to ecosystem-based
management by the Great Barrier Reef
Marine Park Authority in Australia. In
this transition, the focus of governance
shifted from protection of selected indi-
vidual reefs to stewardship of the much
larger-scale seascape. Olsson et al. iden-
tify management innovations that
greatly improved coordination of the
scientific community, public awareness

and involvement, and maneuvering of
the political system at critical times. Al-
though enabling legislation was essential,
it was not sufficient for shifting gover-
nance toward adaptive co-management
of the marine system.

Finally, we turn to China, with the
world’s largest population and fastest
growing economy among major na-
tions. Planned investments in ecosys-
tem service payments in China exceed
700 billion Yuan (1 US$ � 7.4 Yuan),
a magnitude matched by the ambition
in their goals, the massive scales over
which they operate, and their poten-
tially enormous impacts. Liu et al. (17)
review China’s foremost two ecosystem
service programs, the Natural Forest
Conservation Program and the Grain
to Green Program. To realize the po-
tential for these programs to benefit
China and the rest of the world, Liu et
al. call for more systematic planning,
diversified funding, effective compen-
sation, integrated research, and com-
prehensive monitoring.

Making Ecosystem Service Approaches
Operational
Radical transformations will be re-
quired to move from conceptual

frameworks and theory to practical in-
tegration of ecosystem services into
decision-making, in a way that is credi-
ble, replicable, scalable, and sustain-
able. There remain many highly
nuanced scientific challenges for ecolo-
gists, economists, and other social sci-
entists to understand how human
actions affect ecosystems, the provision
of ecosystem services, and the value of
those services. At least as demanding
are the social and political challenges
associated with incorporating this un-
derstanding into effective and enduring
institutions, to manage, monitor, and
provide incentives that accurately re-
f lect the social values of ecosystem ser-
vices to society. The candid analyses
presented here help light the way.
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The core idea of the Millennium Ecosystem Assessment is that the human condition is tightly linked to environmental condition. This
assertion suggests that conservation and development projects should be able to achieve both ecological and social progress with-
out detracting from their primary objectives. Whereas ‘‘win–win’’ projects that achieve both conservation and economic gains are a
commendable goal, they are not easy to attain. An analysis of World Bank projects with objectives of alleviating poverty and pro-
tecting biodiversity revealed that only 16% made major progress on both objectives. Here, we provide a framework for anticipating
win–win, lose–lose, and win–lose outcomes as a result of how people manage their ecosystem services. This framework emerges
from detailed explorations of several case studies in which biodiversity conservation and economic development coincide and cases
in which there is joint failure. We emphasize that scientific advances around ecosystem service production functions, tradeoffs
among multiple ecosystem services, and the design of appropriate monitoring programs are necessary for the implementation of
conservation and development projects that will successfully advance both environmental and social goals. The potentially bright
future of jointly advancing ecosystem services, conservation, and human well-being will be jeopardized unless a global monitoring
effort is launched that uses the many ongoing projects as a grand experiment.

poverty alleviation � pro-poor conservation � sustainable management

Poverty and environmental problems
are both children of the same
mother, and that mother is
ignorance.

Ali Hassan Mwinyi,
Tanzanian President in 1998

T
he Millennium Ecosystem As-
sessment (MA) contains a com-
pelling argument that human
well-being depends on the ser-

vices provided by nature, and that these
services have recently become so imper-
iled that we can expect negative feed-
backs to people (1). In some ways there
is nothing new in this message: people
depend on nature, and people too often
damage nature, thereby endangering
their own health and well-being. The
novel contribution of the MA is its
championing of a new scientific focus, a
focus on understanding how nature pro-
duces a wide array of ecosystem ser-
vices, quantifying the rate and value of
the delivery of these services, and mod-
eling the connections between ecosys-
tem services, human welfare, and
economic systems (2).

Although the MA was a bold contri-
bution that exposed huge gaps in the
science of ecosystem services, the reality
is that both the conservation and eco-
nomic development communities have
embraced ecosystem services for at least
a decade, without explicitly labeling
them as such. This melding of conserva-
tion and development comes from two
distinct agendas: conservationists who
seek to increase public support for
biodiversity protection by integrating
economic development, and develop-

ment agencies that seek to also provide
for the stewardship of nature under the
mantra of sustainable development.
These projects have variously been cate-
gorized as integrated conservation–
development projects, community-based
natural resource management, and,
more recently, pro-poor conservation
(3). Although these projects generally
lack a formal foundation of ecosystem
service science, they all are motivated
by the general hypothesis that nature
provides humans with benefits. In fact,
an analysis of the vision and mission
statements of major environmental or-
ganizations, including the major conser-
vation nongovernmental organizations
(NGOs), found that nature is typically
portrayed as resources necessary for hu-
man well-being and sustainable develop-
ment (4). Increasingly, the language
used by conservation NGOs to discuss
the value of nature is becoming more
explicit in its reference to ecosystem
services. Examining the web domains of
four major conservation NGOs (Conser-
vation International: http://conservation.
org; The Nature Conservancy: www.
nature.org; Wildlife Conservation
Society: http://wcs.org; and World Wild-
life Fund: www.worldwildlife.org), we
found that, on average (�1 SE), 7.8 �
1.3% of the pages that mention biodi-
versity also specifically mentioned one
or more of the following terms: human
welfare, ecosystem service(s), human
well-being, drinking water (Google
search engine; August 23, 2007). Thus,
the conservation community assumes a
connection between nature and human

well-being and increasingly designs
projects in terms of the provision of
ecosystem services.

An Unclear Record for Projects that Seek
Both Conservation and
Poverty Alleviation
There is no question that ecosystem ser-
vices are now a focus for both scientists
and conservationists, but interest and
widely held beliefs do not necessarily
mean that data and results support the
feasibility of helping both people and
biodiversity by maintaining ecosystem
services. What lessons have been
learned from the many projects already
conducted by conservation NGOs in
which efforts have been made to both
improve human well-being and protect
biodiversity? Answers are not as forth-
coming as one would hope. For exam-
ple, in the most thorough systematic re-
view we know of regarding conservation
projects, researchers were stymied by
the lack of metrics of success for either
conservation or poverty alleviation (5).
Indeed, the major conclusion of this re-
view was that projects tended to rely on
overly simplistic definitions of both
biodiversity and poverty, and few
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projects directly examined the causal
relationships responsible for the out-
comes observed.

Arguably, the most consistently col-
lected data regarding projects that seek
improvements in human well-being and
the environment (or biodiversity) are
found in the records of the World
Bank. Of the 11,155 economic develop-
ment projects carried out by the World
Bank since 1947 (www.worldbank.org;
accessed December 17, 2007; limited to
closed and active projects with an ap-
proval date listed), 17.6% have had
‘‘environment and natural resources
management’’ as a major theme. From
a conservation perspective, it is note-
worthy that 20% of the World Bank’s
environmentally oriented projects have
specifically included biodiversity pro-
tection as a theme (Fig. 1). Moreover,
the attention to biodiversity has been
growing over the last 20 years, nearly
quadrupling in frequency (Fig. 2).
Thus, the World Bank has two decades
of experience supporting projects with
the dual goal of economic development
and biodiversity protection (6). In ad-
dition, the World Bank uses a categori-
cal scoring system by which it judges
the degree to which each completed
project achieved its stated goals. One
can imagine three general categories of
outcome for projects with both biodi-
versity goals and economic develop-
ment or poverty alleviation goals:
win–win (both goals are met), lose–
lose (neither goal is met), and win–lose
(only one of the goals is met). We
searched the World Bank database for
projects that (i) were approved be-
tween 1993 and 2007, (ii) listed biodi-
versity as a theme, (iii) had available
an Implementation Completion Report

written between July 1998 and August
2006 (when the format was consistent),
and (iv) stated environmental and pov-
erty alleviation goals and outcomes.
We found that relatively few, only five
of 32 projects (16%), had substantial
gains in terms of their stated environ-
mental and poverty alleviation out-
comes (Fig. 3). Thus, it is not impossible
to make gains on both biodiversity and
poverty fronts, but it is not easy. It is
noteworthy that nearly half of the World
Bank projects with biodiversity protec-
tion as a major goal had no objectives
for poverty alleviation, which precluded
them from being in our examination of
win–win frequency.

Unfortunately, this simple tally of
World Bank scores cannot reveal what
strategies or factors tend to lead to fail-
ure. Failures could be caused by poor
project design or intrinsic tradeoffs be-
tween ecosystem services. For example,
development of more productive agricul-
ture, which is often a route by which
rural poverty is alleviated (7), may inex-
orably harm biodiversity. Alternatively,
failures may be driven by external prob-
lems such as civil conflict or weak gov-
ernance that were not anticipated in
project design and have nothing to do
with ecosystem services. Understanding
the factors that determine the outcome
of projects with dual biodiversity and
economic development goals is crucial.
One path to understanding these out-
comes is to develop a framework for
assessing the connections between eco-
system services and economic develop-
ment on a project-by-project basis and
suggest indicators and metrics that could
increase the likelihood of win–win
outcomes.

A Framework for Analyzing Ecosystem
Service Projects Aimed at Human
Well-Being and Biodiversity Protection
A number of authors have recently ar-
gued that there are strong links between
ecosystem services and sustainable de-
velopment, particularly development ef-
forts that aim to reduce rural poverty
(8–10). We see two distinct routes by
which the science of ecosystem services
can contribute to both nature conserva-
tion and sustainable development. First,
a thorough accounting of ecosystem ser-
vices and a better understanding of how
and at what rates ecosystems produce
these services can be used to motivate
payment for nature conservation. At
least part of the generated funds can be
used to compensate people who suffer
lost economic opportunities to protect
these services. For example, if rural
poor are asked to take actions that re-
duce farm productivity to protect and
regulate water supply, those farmers
could be compensated for the reduced
productivity they experience. When the
benefits of natural ecosystems are ex-
plicitly quantified, those benefits are
more valued both by the people who
directly interact with the ecosystems and
the governmental and other agencies
that would have to pay for substitute
sources of these services if these ecosys-
tems should become impaired. Appreci-
ating the value of ecosystem services
can motivate increased conservation in-
vestment to prevent having to pay for
substitutes later. This approach could be
characterized as a ‘‘government invest-
ment’’ approach because the payments
will generally come from beneficiaries
outside of the local area, and a govern-
mental or other agency is typically
responsible for collecting and redistrib-
uting the funds.

Second, a focus on the conservation
of ecosystem services could improve the
success of projects that attempt to both
conserve nature and improve the wel-
fare of the rural poor by fostering mar-
kets for the goods and services that
local people produce or extract from
ecosystems. These projects could be
characterized as more ‘‘community-
based’’ because the goal is to foster the
more organic, or grassroots, develop-
ment of cottage industries, such as eco-
tourism, or the production of bushmeat
or nontimber forest products, that are
enhanced by better protection of local
ecosystems.

Using this framework, we discuss the
factors that may have contributed to
failure or success for several projects
(Table 1). The scale of our analysis is
local or project level. Often the hyper-
bole of ‘‘pro-poor conservation’’ might
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be mistaken for a claim that conserva-
tion is a global strategy for poverty
alleviation. It is not (11). The plight of
urban poor and many of the world’s
poor has little to do with the production
functions of ecosystem services. But for
rural poor, at the local level, the status
of ecosystem services can make a big
difference in their daily lives.

Government Investments in
Ecosystem Services
When there is clear information that
ecosystem services of obvious value (like
clean water or flood control) are imper-
iled, governments often invest in their
protection. The money for these invest-
ments may come from charging benefi-
ciaries for the use of ecosystem services,
such as clean water, and then using the
payments either to improve enforcement
of protected areas or to compensate
those whose livelihoods are diminished
by the conservation efforts (12). These
arrangements typically involve payments
from beneficiaries outside of the imme-
diate area. Here, we highlight two
projects that demonstrate how ecosys-
tem services can be used to motivate
payment for nature conservation.

The Quito Water Fund. Quito, the capital
city of Ecuador, houses 1.8 million peo-
ple in a region of extremely high biolog-
ical diversity and endemism. In the most
strained regions around Quito, 63% of
water needs are not met, and in 1999,
most of the city’s 14 monitored water-
sheds flowed with undrinkable water.
The Condor Biosphere Reserve, situated
upstream of Quito, has the potential to
alleviate social struggles around water
resources and environmental struggles
around biodiversity loss. However, en-
forcement of park restrictions was weak,

and unsustainable land use practices
surround the reserve, leading to con-
tinuing declines in biodiversity and wa-
ter quality.

In 2000, The Nature Conservancy in
collaboration with the U.S. Agency for
International Development worked to
establish a water fund that directs
money from water users to improve pro-
tection of the Condor Biosphere Re-
serve (12). In 2004, the fund was worth
$2.1 million, paid into by the Quito Mu-
nicipal Water and Sewage Agency, the
Quito Electricity Company, and the
Andina Beer Company (12). In this
case, the government and its municipal
utilities chose to redirect current fees
and taxes rather than raise the price of
water.

The project reports successes on both
social and ecological fronts. The nearly
$5 million raised for conservation action
have been used to plant 3.5 million
trees, hire nine new park guards that
provide new jobs and increase enforce-
ment, build local capacity for monitor-
ing and conflict resolution, fund hydro-
logic modeling and monitoring, and
provide environmental education to
children (12). Financial support for con-
servation came not from individuals
concerned about biodiversity or some
particularly charismatic species on the
verge of extinction. Rather the support
came from an appreciation of the role
healthy forests play in supplying and
regulating the availability of clean water.
A key to the success of this project may
have been a long record of flow and
sedimentation monitoring data collected
by hydropower operations, which pro-
vided a clear signal of a degrading eco-
system service before any catastrophic
event.

Payment for Ecosystem Services in China.
The government of China has imple-
mented several payment for ecosystem
service programs. One of the better
known is the Sloping Land Conversion
Program. This program was motivated
by large floods on the Yangtze River in
1999 that many presume were worsened
by sedimentation that has reduced the
flood mitigation potential of dams on
this river. The State Forestry Adminis-
tration linked sedimentation to erosion
from intensively farmed sloping lands in
the upper reaches of the watershed.

The Sloping Land Conversion Pro-
gram, also known as the Grain to
Green Program, pays farmers in cash
or grain to abandon farming and re-
store forests on steep slopes along key
rivers (refs. 13 and 14 and www.forest-
trends.org/documents/publications/
ChinaPES%20from%20Caro.pdf). The
State Forestry Administration runs this
program and projects that 14.6 million
hectares in 24 provinces will be im-
proved through this program by 2010
(13). The upper watershed regions tar-
geted by this program are often home to
some of the most socially marginalized
minority groups in the country, coinci-
dentally allowing social, economic, and
ecological benefits to flow from this
program.

To date, payments for ecosystem ser-
vices in this and other programs have
come primarily from China’s central
government. In 2004, 92% of the accu-
mulated value of the Sloping Lands Pro-
gram ($7.6 billion) was provided by the
national government. It is expected that
the high costs of the program will soon
spur the development of privately
funded payment schemes (14). As with
the Quito Water Fund, this program
was not motivated by biodiversity, but
rather by interests in ecosystem services
such as flood mitigation. If China had
not suffered severe floods in 1999 it is
unlikely that the Sloping Lands Program
would have been launched; there first
needed to be strong evidence of a con-
nection between land use and degraded
ecosystem services.

Aligning Conservation of Ecosystem
Services with Local Economic Activity
Many early projects that integrated
conservation and development used eco-
tourism, which offers market-based in-
come and a natural alliance between
conservation of an ecosystem service
and economic development. Participants
in these programs typically receive funds
directly from corporations or others in
the private sector, rather than from
governments or nongovernment organi-
zations. Here, we briefly outline two
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programs that have successfully taken
this approach.

The Il’Ngwesi Ecolodge. In Kenya, the
Maasai culture and highly diverse bio-
logical communities have been under
threat from the same forces: cattle rus-
tling and poaching, alongside pressure
from the government to subdivide and
develop land (15). Subdivision would
have led to the end of pastoral life for
the Maasai and fragmentation of some
of the largest remaining tracts of wild-
life habitat in Kenya. In 1995, 8,000
members of a Maasai community at
Il’Ngwesi agreed to establish an
ecolodge and promote tourism (15). As
a result, security in the region has in-
creased, income from the ecolodge is
funding the local school, poaching has
been halted, 13 of the region’s 19 large
mammals (including the endangered
Grevys zebra) have returned to the area,
and some wildlife populations have in-
creased by as much as 500% (15). Obvi-
ously all ecotourism projects do not turn
out so well, with failures commonly oc-
curring because of either poor business
planning or poor ecological manage-
ment. Nonetheless, ecotourism is well
established as a joint development and
conservation strategy, and the world’s
two largest conservation NGOs (World
Wildlife Fund and The Nature Conser-
vancy) have developed special planning
processes to help their field staffs pro-
mote ecotourism (16, 17).

Namibia’s Conservancy Program. In many
cases, ecotourism markets are not easily
accessible because of regulatory struc-

tures or entry costs. Some integrated
conservation and development projects
have found success in reducing these
barriers by granting local control of the
management of biological resources to
communities or individuals. In Namibia,
a global biodiversity hotspot (the Cape
Floristic region) overlaps with high
hunting and poaching pressure, high
poverty, and socially marginalized popu-
lations of indigenous people. Game pop-
ulations have declined, large-scale ani-
mal migrations have ceased, and black
rhino populations have plummeted (18).
As part of the institutional change asso-
ciated with Namibia’s independence, the
Nature Conservation Act was passed in
1996. The World Wildlife Fund became
involved in supporting communities who
wanted to enter into a ‘‘conservancy
program’’ established by the act.

Enrollment in the program gives com-
munities rights, for the first time, to
huntable game and revenues from game
products and tourism (18). The act has
fundamentally changed the landscape in
Namibia. More than 60 communities
now participate, supporting 31 conser-
vancies that cover some 70,000 km2, or
17% of Namibia’s land area (18). In this
case, new revenue streams were created
by opening access to existing interna-
tional markets.

Again, this project has been a success
on both social and ecological fronts.
Many of the conservancies are on lands
that now act as corridors between pro-
tected areas (18). Wildlife populations
have increased dramatically on conser-
vancy lands. Namibia now houses the
world’s largest free-roaming black rhino

population and game species such as
elephants, zebra, oryx, and springbok
have increased 600% in some places
(18). For the first time in 30 years, sea-
sonal migrations have resumed between
Botswana and Namibia. The program
was a major development success, with
local incomes increased by a total of
$2.5 million in 2004 and Namibia’s net
national income up by $9.6 million (18).
Overall, 3,250 part-time and 547 full-
time jobs were created, and the fact that
the majority of these jobs were obtained
by women meant that gender equity was
substantially improved (18).

Projects that Failed to Advance
Conservation and Development
The case studies described above indi-
cate that both conservation and en-
hancement of human well-being can be
accomplished as part of one project. It
is important, however, to ask about fail-
ures. Failures are quite common. In a
random sample of 194 Implementation
Completion Reports for World Bank
projects, 16% were judged to be unsatis-
factory or highly unsatisfactory overall
performance. Political or economic fac-
tors outside the control of the project
frequently contribute to their failure
(Table 1). It would be extremely foolish
to neglect the influence of external
forces and global markets and corrup-
tion and governance on the ability of
ecosystem service projects to enhance
human well-being. Here, we describe
two examples of projects that have
failed on both environmental and pov-
erty alleviation fronts.

West African Wildlife Project. Like Nami-
bia’s Conservancy Program described
above, the West Africa Pilot Community-
based Natural Resources and Wildlife
Management Project sought ‘‘a common
solution to both development and con-
servation concerns by involving local
communities in the sustainable, profit-
able exploitation of wild resources and
assisting them to manage their wild land
areas for their own economic benefit
and for the benefit of biodiversity.’’
This, however, is an example of an ef-
fort that failed to achieve both its bio-
diversity and development goals (19).
Supported by the World Bank and initi-
ated in 1995, the project faced many
difficulties including an initially very low
level of training among villagers, a
deeply rooted mistrust of central gov-
ernment within local governing bodies,
and the resumption in 2004 of civil con-
flict in one of the participating nations,
Cote D’Ivoire.

The project’s antipoaching program
failed because of the lack of a legal ba-
sis for villagers to apprehend poachers;
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Fig. 3. The World Bank database was searched for projects that (i) were approved between 1993 and
2007, (ii) listed biodiversity as a theme, (iii) had available an Implementation Completion Report written
between July 1998 and August 2006 (when the format was consistent), and (iv) stated environmental and
poverty alleviation goals and outcomes. A total of 32 projects were found. Projects rated as having high
or substantial achievement of environmental and/or poverty alleviation outcomes are considered to have
made a gain, whereas those rated as having modest or negligible achievement are considered to have
made no gain.
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insufficient investment in high-quality
weapons, which put village teams at a
major disadvantage in conflicts with
poachers; and insufficient investment in
a communications infrastructure, which
caused slow response times. Moreover,
weak and incomplete implementation of
ecological and sociological monitoring
made it impossible to assess what was
working or not working. In the end,
there was no compelling evidence that
the wildlife or the local villages had
benefited from the project, and there
was anecdotal evidence that poaching
and livestock encroachment had re-
sumed in wildlife zones.

Shrimp Aquaculture in Former Mangrove
Forests. The clearing of coastal man-
grove forests for shrimp aquaculture in
coastal regions of Asia provides another

example of a lose–lose situation in
which neither people nor nature bene-
fited from a well intentioned project.
The original idea of a project subsidizing
shrimp aquaculture in Andhra Pradesh,
India was to create economic opportu-
nity for local communities through
shrimp farming, which can be enor-
mously profitable. Unfortunately, the
clearing of mangroves for shrimp farms
can have negative impacts on the envi-
ronment and the industry itself.

In many parts of the world, including
Andhra Pradesh, shrimp aquaculture is
done with the shrimp species Penaeus
monodon (20). Because it is difficult to
bring this species to reproductive matu-
rity in captivity, hatcheries rely on wild
broodstock to maintain production (20).
The wild shrimp populations, in turn,
rely on mangrove habitats. Thus, the

ecology of the farmed species sets up a
conflict between shrimp pond develop-
ment, which is largely done by clearing
mangroves, and shrimp production,
which requires mangrove habitat for the
provision of wild broodstock.

Overdevelopment of the shrimp in-
dustry in the Andhra Pradesh region has
poised both economic and ecological
systems on the brink of collapse. The
area’s 61 hatcheries are suffering from a
widely fluctuating market with alternat-
ing low demand and limited supplies of
broodstock (20). In fact, broodstock are
at times so rare in this region that the
price for a single reproductive female
shrimp can be as high as $2,000 (20). A
careful assessment of the ecological and
economic capacity of the system for
shrimp production could have identified
the optimal number of farms the region

Table 1. Examples of projects that have used ecosystem services to advance both conservation and development or
poverty alleviation

Project Conservation Development/poverty alleviation

Successes
Quito’s Water Fund 3.5 million trees planted Alternative income, nine new jobs

Nine park guards added Education
Hydrology monitoring program started Clean water

Conflict resolution training
Technical capacity building

China’s Sloping Lands Program 14.6 million hectares reforested (2010) Alternative income
Targeted ethnic minority groups
Flood control

Kenya’s Il’Ngwesi Ecolodge Increasing wildlife populations Alternative income
Poaching controlled Way of life

Education (school funded)
Security (poaching controlled)

Namibia’s Conservancy Program Increasing wildlife populations Property rights
Overgrazing controlled Income
Landscape connectivity improved Cultural equality

Gender equality
Way of life

South Africa’s Cape Peninsula Biodiversity
Project

Invasive plant eradication Improved infrastructure
Antelope species reintroduction Income
Increasing raptor populations
Establishment of protected area

Failures
West African Wildlife Project Poaching Insufficient legal power

Livestock encroachment Insufficient communication infrastructure
No monitoring Civil unrest

Insufficient capacity
Governmental distrust

India’s Shrimp Aquaculture Development
Program

Habitat destruction Unsustainable jobs
Overharvest Unstable market

Azov-Black Sea Corridor Program Unenforced protected areas Insufficient legal power
Unsustainable agriculture Uninformed agricultural practices
Habitat destruction Dysfunctional environmental institutions

Kerinci Seblat Conservation and
Development Project

Poaching and wildlife decline Insecure land tenure
Agriculture encroachment Insufficient infrastructure
Logging threat Unsustainable agriculture and nontimber forest

products harvest
Habitat destruction and fragmentation Weak and uncoordinated governance
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could support at maximum capacity and
low broodstock prices. Operating at this
optimal level would have saved subsidy
funds that were used to develop the
farms, provided sustainable jobs for the
region, and retained more of the natural
mangrove habitat that is key to storm
protection (21) and the provision of
other ecosystem services. This project
failed in large part because the myriad
services provided by intact mangrove
ecosystems, and the tradeoffs among
these services, were not fully appreciated.

Scientific Understanding that Could
Improve the Likelihood of
Win–Win Outcomes
Projects that use ecosystem services to
simultaneously advance conservation
and human agendas could benefit from
improved scientific understanding of
four key overriding issues: sustainable
use of ecosystem services, tradeoffs
among different services, the spatial
f lows of services, and economic feed-
backs in ecosystem service markets. Bet-
ter quantification of ecosystem services
will reduce the transactional costs of
policies based on ecosystem services,
will promote greater equity, and reduce
the risk of unintended consequences or
surprises. Better quantification of eco-
system services can also help to identify
those situations where the economic
benefits are sufficiently large to counter-
balance money that can be made from
illegal abuses of an ecosystem (such as
poaching or illegal timber harvest).

Any time a human endeavor seeks to
derive something of value from our nat-
ural world, there is the possibility that
overuse or overexploitation could result
in failure. One of the most basic princi-
ples of ecology is the notion of a maxi-
mum sustainable yield (MSY) derived
from intermediate levels of use. If this
level of use is exceeded, the ecosystem
or natural resource is degraded and
both nature and humans lose (22). One
important lesson from the MSY concept
is that levels of extraction that provide
meaningful amounts of income may be
feasible only under particular ecological
conditions. Consider, for example, a
project similar to the conservancy pro-
gram in Namibia that aims to increase
local income and wildlife populations by
encouraging a relatively low level of le-
gal trophy hunting of kudu (Tragelaphus
strepsiceros), a large antelope. If the lo-
cal kudu population has a low popula-
tion growth rate, even a very low level
of hunting (ecosystem service use) could
lead to a decline in the population and
a lose–lose outcome. Alternatively, the
same project could provide a win–win
situation if it were initiated in an area
where the kudu population has a high

growth rate. Because the success of a
project depends to a large extent on the
starting conditions and use levels, any
given strategy will not be equally effec-
tive in all places. Further, it is relatively
trivial to show that extreme impacts
arise from extreme actions, but we lack
the ecological production functions that
quantify the impacts of more incremen-
tal changes. For example, it is well un-
derstood that total deforestation yields
erosion, impaired water quality, and di-
minished flood control, but we do not
have the ability to predict how the pro-
vision of these same services would be
affected by 10% versus 20% deforesta-
tion (23). Given the extensive literature
describing dramatic changes in ecosys-
tem function in response to such things
as complete deforestation or extreme
runoff of fertilizers into waterways, we
should be able to design projects that
avoid such severe consequences. What is
not well understood is how one might
pinpoint the extent to which a resource
can be exploited without pushing an
ecosystem over its tipping point.

Most real-world conservation, devel-
opment, and ecosystem service projects
have paid attention to only a select few
services that represent a narrow slice of
the full spectrum provided by nature.
Other services also deserve the atten-

tion of both conservation and develop-
ment agencies. For instance, habitat loss
and landscape change are documented
to have played a major role in the in-
creased prevalence of vector-borne dis-
eases such as Lyme disease (24), West
Nile virus, Chagas disease, and tick
borne encephalitis. Although claims are
commonly made about human health
benefits from well managed natural sys-
tems (25), no conservation projects have
yet taken advantage of our growing un-
derstanding of the link between land-
scape change and human diseases or
health. Also largely absent from on-the-
ground ecosystem service projects are
any of the supporting services such as
soil formation, nutrient cycling, and pol-
lination. We must simultaneously con-
sider multiple ecosystem services and
multiple production functions, not just
to obtain a more complete understand-
ing of the benefits and losses, but be-
cause any one ecosystem service might
be related, either positively or nega-
tively, to other services (26, 27). For
example, developing ecotourism can
bring income to local communities and
this added revenue could foster im-
proved community stewardship of the
natural features that attract ecotourists
(e.g., biodiversity for wildlife viewing or
sports fisheries), providing a win–win

a

b

c

Fig. 4. ‘‘Tradeoff flowers’’ depicting alternative scenarios for ecotourism projects aimed at biodiversity
protection and economic growth. (a) Unrestrained ecotourism can lead to infrastructure and human
traffic that degrades many ecosystem services, and ecotourism itself collapses. (b) Ecotourism develops
with good management of biodiversity and ecosystem services, so that income flows from tourism,
biodiversity is enhanced, and ecosystem services are not lost. (c) Ecotourism develops and biodiversity is
protected in nature reserves, but the increase in roads and hotels undermines water quality and fisheries,
causing tradeoffs among ecosystem services and development. Which outcome is realized is largely a
matter of a good management plans and making sure the intensity of human use is not too high.
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situation for nature and people (Fig.
4b). On the other hand, excessive devel-
opment of infrastructure to support
tourism, or excessive tourism activities
such as hiking and fishing, can cause the
decline of the very resources tourists
seek to enjoy, resulting in a lose–lose
situation (Fig. 4a). For instance, rapid
development of trekking in Nepal has
resulted in unsustainable overharvest of
firewood for cooking, thereby damaging
local ecosystems (28). Exactly how peo-
ple manage ecosystems as they increase
the intensity of use in any natural sys-
tem can result in win–win, lose–lose, or
tradeoff outcomes (Fig. 4c). Although
scientists are now vigorously examining
multiple ecosystem services, the practice
of conservation is still almost entirely
designed to focus on one service at a
time. Interlocking production models of
the full suite of ecosystem services are
needed.

If policy and financial incentives for
conservation of ecosystem services are
to be successful and equitable, we will
also need a solid scientific understand-
ing of how services flow from one re-
gion to another, what human groups
benefit from ecosystem services, and
what groups or populations would need
to be compensated for protecting those
services. The science of ecology made
huge advances when it began to con-
sider dispersal and the importance of
movement in governing the dynamics of
ecological communities (29). However,
the science of ecosystem services has
not yet made this transformation, and as
a result typically depicts ecosystem ser-
vices as site-bound on static maps (ref.
30 and www.nj.gov/dep/dsr/naturalcap).
Only when we have the scientific foun-
dation to map the flows of ecosystem
services, can we hope to meld conserva-
tion with delivering benefits to the poor-
est of the poor.

In addition to ecosystem services,
there are economic feedbacks to con-
sider. Market expansion can affect
prices, and there are often feedbacks
between economic development, social
change, and environmental condition.
We see the challenges of dealing with
these complexities even in the examples
we have outlined as successes. As supply
in any product increases, prices are
likely to fall. Because the goal of these
projects is not to achieve an efficient
market, but rather to encourage a liveli-
hood that is good for nature and people,
low prices may cause failure. For in-
stance, low prices for hunting and
tourism in Namibia may make these
livelihoods insufficient for well-being,
and landowners may turn back to do-
mestic livestock rearing or other more
destructive practices. The Namibian gov-
ernment may want to limit the number
of communities that can participate in
the program so that prices remain high
and participants receive enough income
to continue their investment in sound
game management. This example points
out the need to understand the focal
market and the nature of demand for
the product of interest.

We also need to understand how the
growth of a market will affect the larger
social system and vice versa. For in-
stance, expanding tourism in attractive
natural areas can stimulate immigration
of people hoping to benefit from ex-
panded economic opportunities. This can
lead to a ‘‘tourism-income-population
growth spiral,’’ which obviously in-
creases pressure on local resources and
the environment (31) and can degrade
the natural beauty that people initially
traveled to view and enjoy. In Quito, the
population continues to grow at 1.6%
per year (35). When will the needs for
residential development or demand on
the water supply outstrip the capacity of

one watershed to provide clean water
for the masses? What happens when
that threshold is passed? Will construc-
tion of a water treatment plant remove
the incentive for protection of the Con-
dor Biosphere Reserve?

Finally, good governance, rule of law,
and democracy may well be important
for achieving joint success in conserva-
tion and economic development. Statis-
tical analyses of economic growth in
poor countries hint at a connection be-
tween democracy and governance and
economic success (32). It would not be
surprising to find a similar link to win–
win ecosystem service projects. In Table
1, all of the win–win examples entail
strong functioning governments, whereas
poor governance is implicated in three
of the four lose–lose failures. We hy-
pothesize that a thorough study of many
case studies would uphold this trend.

The Absence of Data Jeopardizes the
Success of Future Projects
Increasingly, conservation organizations
and development groups are in the busi-
ness of providing hopeful visions of peo-
ple and nature jointly benefiting from
conservation efforts (ref. 4 and see
Table 2). However, the enthusiasm for
ecosystem services as a strategy for
enhancing conservation support is far
outpacing credible evidence of what is
possible and how to best achieve the
much desired win–win outcomes. Con-
servation that is justified on the basis of
enhanced ecosystem services cannot af-
ford to neglect rigorous evaluation of
both ecology and social well-being. In-
deed, there are enough projects in place
around the world that if some simple
metrics were collected on each, it would
be possible to treat these efforts as a
grand experiment. The natural science,
social science, and practitioner commu-
nities jointly need to establish a stan-

Table 2. The relationship between nature and human well-being from the websites of major conservation NGOs

NGO Relationship between nature and human well-being

Conservation International �The rural poor within hotspots depend on the products of healthy ecosystems, harvesting wild plants for
food, fuel, clothing, medicine and shelter. These services also help maintain energy and infrastructure
activities that underpin economic development. For example, coral reefs, wetlands and mangroves can
buffer beaches and prevent storm surges and coastal flooding. The value of these ecological services is
tremendous and we are only beginning to measure their significance.� (http://web.conservation.org/xp/
CIWEB/strategies/humanwelfare)

The Nature Conservancy �Nature has tremendous assets that are key to human-well being and that have concrete economic value�it’s
becoming increasingly clear that the goals of conservation and the goals of alleviating poverty and
improving human health are deeply interwoven.� (www.nature.org/tncscience/bigideas/people/
art19846.html)

World Wildlife Fund �The world’s poorest people bear the brunt of forest loss, since forest resources sustain most of the 1.2 billion
people in the world who live in extreme poverty. WWF is working locally, regionally and globally to
address this threat and at multiple levels - with communities, governments and industry. In partnership we
can ensure forests are protected for the people and species that depend on these habitats for their
livelihoods.� (www.worldwildlife.org/forests)

Tallis et al. PNAS � July 15, 2008 � vol. 105 � no. 28 � 9463



dard set of measures and approaches for
quantifying and monitoring ecosystem
service levels and values. Minimally,
projects should track what money funds
the protection of ecosystem services and
who provides it, who benefits from the
ecosystem services, and whether the
project results in an impact on the deliv-
ery of ecosystem services.

An added challenge with ecosystem
service projects is that economic returns
and signals respond relatively quickly to
any action, whereas changes in ecosys-
tem function may lag by decades. For
example, the productivity gains in the
Mississippi River valley that resulted

from heavy fertilizer application yielded
immediate economic benefits. However,
the dead zone in the Gulf of Mexico did
not appear until 20 years after those
initial gains in agricultural productivity.
Different ecosystems services will respond
on different temporal and spatial scales,
and efforts to track interactions will have
to anticipate these different scales.

Beyond the missed scientific opportu-
nity, conservation groups are risking
damaged reputations because they have
largely failed to deliver data that pro-
vide evidence of a link between their
actions and any improvement in the sta-
tus of biodiversity or ecosystem services

(33, 34). This is a significant mistake,
and a mistake that is even more griev-
ous in the case of ecosystem service
projects. Whereas biodiversity cannot
complain if it is not well served by a
conservation project, people supposedly
benefiting from an ecosystem service
effort will be quick to ask for evidence
of their enhanced well-being. Much of
the current enthusiasm for ecosystem
service projects in the conservation
world is an act of faith. At some point,
however, that faith will need to be
backed up by irrefutable data showing
that these projects benefit both people
and nature.
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lands economy-wide perspective. Econ Dev Cult
Change 51:977–997.

32. Dasgupta P (2007) Economics: A Very Short Introduc-
tion (Oxford Univ Press, Oxford).

33. Ferraro PJ, Pattanayak SK (2006) Money for nothing? A
call for empirical evaluation of biodiversity conserva-
tion investments. PLoS Biol 4:482–488.

34. Kremen C, Merenlender AM, Murphy DD (1994) Eco-
logical monitoring: A vital need for integrated conser-
vation development programs in the tropics. Conserv
Biol 8:388–397.

35. Central Intelligence Agency (2007) The World Fact-
book (Washington, DC).

9464 � www.pnas.org�cgi�doi�10.1073�pnas.0705797105 Tallis et al.



Accounting for ecosystem services as a way
to understand the requirements for
sustainable development
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Millennium Ecosystem Assessment documented the importance of
ecosystem services. It is therefore important that these services are
included in our economic accounts (Standard National Accounts), as
long as we believe that these accounts should tell us something about
our wellbeing. This requires measures of the ecosystem assets and
their accounting prices. This article discusses how the concept of
inclusive wealth can be exploited for creating such accounts.

wealth � prices � dynamics

Since the introduction of the sustainable development concept in
1987 (1), this term has become a set of words very much used

in environmental discussions. However, the meaning of the concept
has remained opaque. Politicians and environmentalists have had
their own interpretation and researchers and scientists have also
had theirs. Sustainable development was defined as ‘‘[. . .] devel-
opment that meets the needs of the present without compromising
the ability of the future to meet their own needs’’ (1). Although this
is not a very precise definition, it gives guidance on how one should
make it operational. For doing so, we will follow Dasgupta and
Mäler (2) and Arrow, Dasgupta, and Mäler (3). They interpret
sustainable development as the one where human welfare (or well
being, we will use these two words interchangeably) is not going
down over time. Productive capacity of an economy is determined
by its capital stocks. These are man-made, human, and natural
capital. Sustainable development requires that enough of these
stocks are left to subsequent generations. The importance of capital
stocks is measured by their accounting prices. The methodological
apparatus for estimating accounting prices will depend, in general,
on the nature of the stock’s dynamics and on the nature of the
institutional framework; we try to illustrate these issues in this
article with a few examples.

This article gives a brief and consistent basis for accounting for
sustainable development focusing on ecosystem services.

Brief Literature Overview
Literature on so-called green accounting has a tradition going back
to the early 1960s. It has focused on modifying the concept of a net
national product so it will reflect the flow of environmental
damages (mainly from pollution) and depletion (mainly of nonex-
haustible resources, although the depletion of forests is often
included). By correcting for these factors a measure sometimes
called green net national product (NNP) has been calculated.

In 1974, Weitzman (4) developed a general theory for the net
national product as a welfare measure. Mäler (5) extended Weitz-
man’s work to the environmental areas and introduced into the
theoretical model both the flow of environmental damage and
damage to ecosystems. The work of Repetto and colleagues in
Indonesia is one of the first attempts for adjusting NNP measures
(6). Some of the early literature is contained in Ahmad, Serafy, and
Lutz (7), as well as in Lutz (8). These studies resulted later on in two
United Nations manuals (9, 10). For an overview of many appli-
cations of this approach, see Hecht (11). In this article we will not
follow these approaches, which more or less are based on the

production account in Standard National Accounts (SNA). We will
instead focus on the capital account according to refs. 2 and 3,
where it is shown that (i) it is theoretically impossible to develop an
indicator like the green NNP for measuring sustainable develop-
ment because of the changes over time in the prices of capital stocks
relative to the prices of consumption goods and services, and (ii) a
wealth indicator is the appropriate measure to use as an indicator
of sustainable development.

Already in the mid-1990s, estimates of the value of the change in
capital stocks (called genuine investment) started to be published
as a way to continue the work initiated by Pearce et al. (12).
Currently, the World Bank continues publishing annual statistics on
genuine savings (13). It has also published a thorough analysis of
wealth accounting and presents many empirical findings in ref. 14.
Unfortunately, ref. 14 does not contain anything on ecosystem
accounting, except for deforestation and damage from climate
change; and it does not take into account population changes. In ref.
3, the theory is substantially extended by introducing population
changes in the framework. Lange’s studies of wealth in southern
Africa consider man-made real capital, human capital, fisheries,
diamonds, cattle, and water as the main assets (15). She shows
clearly how wealth statistics give a much different view of the
economic development than traditional gross domestic product
(GDP) statistics. In Arrow et al. (16), a group of ecologists and
economists, based on ref. 3 and on the World Bank’s estimates of
genuine savings, investigated whether a selected number of coun-
tries were on a sustainable development path. This work gives the
background for this article.

Wealth as an Indicator of Sustainable Development
Let Cs � (c1,s, c2,s, . . . , cm,s) be a list (or vector) of consumer goods
and services in period s. The list must contain not only what we
traditionally regard as consumer goods, but also environmental
amenities, public goods, etc. They are also included because all of
them contribute to human well being in one way or another.

We add the critical assumption that we have a forecast of the
future consumption vectors. Such a forecast obviously must depend
on three factors: the present stocks of capital Ki,t (where the current
period is t and i denotes the ith capital stock), a forecast of future
technologies, and a forecast of the institutions of the economy.

We assume, as is standard in economics, that there is a utility
function U(C1, C2, . . . , Cm) that describes the production of well
being in any given period. Social welfare is defined as the present
value of the stream of future utilities:
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Wl � �
s�t

� U�Cs�

�1 � ��s�1 [1]

In Eq. 1, Wt is the social welfare in period t. This representation of
social welfare goes back at least to Ramsey (17), but Koopmans
gave the rigorous motivation for it, in three articles (18–20).

Consumption goods are produced with capital stocks as input in
the production process. Dasgupta and Mäler (2) showed that there
exist accounting prices p1, p2, . . . , pn on the capital stocks so that

Wt�1 � Wl � �
i�1

n

pi�Ki,t�1 � Ki,t� � vt [2]

Neglecting the last term, Eq. 2 says that the change in social welfare
between two time periods is equal to the sum over all capital stocks
of the value of changes in these stocks, when the value is calculated with
the accounting prices. Thus, the economy is on a sustainable path if
the change in welfare from one period to the next is always
nonnegative.

This result depends on the nature of the accounting prices.
They are defined as the present value of the future perturbations
of consumption because of a marginal change in the stocks today.
They may sometimes coincide with market prices, but most often
they are different. This is because of taxes, lack of markets for
most natural capital, and other market failures. We will come
across this later in our discussion of ecosystem services.

Mathematically, the accounting price on asset i at time t is defined
as

pi,t � �
s�t

�

�U�Cs�

�Ki,t

�1 � ��s�t [3]

It is worth remembering that forecasted future consumption is a
function of the current capital stocks. In the social welfare equation
included above, the first term gives the ‘‘endogenous’’ change in
social welfare, that is, the change that is due to changes in resources
inside the system. The last term, vt, reflects changes in social welfare
outside the studied system. For example, changes in a country’s
terms of trade is, for a small country, independent of changes inside
the country. The term will also reflect autonomous changes in
technology (i.e., technical changes that are independent of capital
accumulation in the country).

Although both terms of trade and technical change can be quite
important for social well being, we will neglect these effects in this
article, that is, we will neglect the ‘‘drift term.’’ For a motivation for
this, see refs. 2 and 21. However, the main reason for not including
these terms is that we want to focus on how to include ecosystem
services in this framework.

Man-Made Physical Capital and Human Capital
The value of changes in ecosystem services is not in itself an
indication of whether society is on a sustainable path or not. It is
only after having integrated all assets to a whole that it is possible
to make judgments on sustainability issues. The two most important
assets, beside ecosystems, are man-made physical capital and
human capital. Man-made physical capital is included in conven-
tional national accounting and the prices used are the market prices.

However, these market prices do not necessarily reflect the social
value of the capital well. One reason is that environmental conse-
quences from an investment are not necessarily reflected in the
market prices and another is that the market prices are determined
by the net return after taxes on capital income. Tax revenues may
have a social value and the market prices do not reflect it. The

conclusion is that the social value of investment in physical capital
exceeds the value of the investment reported in SNA.

Changes in human capital are not accounted for in Standard
National Income, whereas expenditures on education are ac-
counted as consumption, for historical reasons. However, it is far
from certain that such expenditures reflect the social value of
education. Instead, focus should be on the value of the output from
the educational and research system. However, this is a rather
complicated, and because this article is on ecosystem services, we
will avoid going into it. Interested readers are welcome to contact
the authors for further information.

Ecosystem Services
That ecosystem services are of extremely high importance for
human well being has been shown convincingly (22), but it is still not
clear how to define units of ecosystems corresponding to capital
assets and how to measure them.

Classification of Ecosystem Services. The Millennium Ecosystem
Assessment (MEA) (22) has also provided us with a useful classi-
fication of ecosystem services: supporting, provisioning, regulating,
and cultural. Although this classification is valuable, we have to
modify it slightly to make it suitable for economic analysis. We have
reorganized the MEA classification so that provisioning and cul-
tural services are merged into a new category, final services, and the
supporting and regulating services are merged into the category
intermediary services. The reason for this is that both the cultural
and provisioning services are directly affecting human well being,
whereas the two others are doing that only indirectly—they affect
the production of the final goods and services, as intermediary
goods do in national accounting.

Another important issue on the classification of services is the
distinction between private and public services. Public services are
characterized by nonrivalry and nonexcludability. Nonrivalry im-
plies that the use/consumption of a service by one individual does
not reduce the availability of it for another individual, for example,
climate regulation. If climate is changed for one individual, it will
also change for all others experiencing the same climate. Nonex-
cludability implies that it is impossible to exclude anyone from the
use/consumption of the service. Climate is also an example of
nonexcludability. All other services are then called private services.
Note that the distinction between private and public services has
nothing to do with who is responsible for management of the
production of the service (government or a private firm) or who is
distributing the service among households. It is the characteristics
of the service itself that are important for the classification. Most
of the final services are probably private. Food produced from
agricultural lands or the oceans or the forests are private services,
as also are biofuel, water, etc. However, most of the intermediary
services may be public. Climate has already been mentioned, but
also disease and flood regulation are mainly public. Some water
purification services can be public, but others may be private.

The distinction between public and private services is important
because it makes a major difference for the economic analysis. If
most of the final services are private—as assumed previously—the
value of most of these services is already included in GDP, but not
necessarily in the value of changes of ecosystem assets. Further-
more, valuation techniques for the ecosystem services will be very
different. In general, it will be easier to value private than public
goods. One reason is that private goods will frequently be sold and
bought on a market that gives market values. This cannot happen
with public goods! The SNA excludes most public goods for that
reason, with the exception of government expenditures.

Ecosystem Size. We need a concept of ‘‘size’’ of the ecosystem and
we need to know the dynamics of the system. The word size should
not be interpreted literally. It will in general be a multidimensional
concept that characterizes the system at each moment of time. In
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principle, all stocks that affect the growth of any other stock in
producing ecosystem services must be included in our measures of
size. For example, consider a forest ecosystem. Two natural mea-
sures of size is the area covered by the forest or the total biomass
of the forest. However, there are other stocks that will be needed
for a proper accounting of the forest, such as the distribution of
trees with respect to age, size, species, and space. Furthermore, the
stocks of nutrients in the soil will influence the growth of the trees.
Similarly the stock of birds predating on tree pests will affect the
growth of biomass, as was shown by Ludwig et al. (23). For
simplicity, most of our examples will have only one measure of size.

It is important to understand that ecosystems are production
units and dynamic systems. Knowledge of the dynamics is
essential in estimating the appropriate accounting prices. In the
next section, we develop this idea with the help of some examples

Examples
In this section, we present some conceptual examples of estimating
accounting prices for ecosystem services, and in some of these
examples, we present some quantitative approximations of account-
ing prices. However, the main objective here is to show the great
variety of methods that must be used for estimating the accounting
prices.

Ecosystems differ in their dynamics and this fact has profound
implications for accounting price estimation. In the Standard
National Accounts (SNA) the same problem does not occur at
all or only to a small extent. This is because of the implicit
assumption that market prices capture those differences, and
SNA is a framework to account for market transactions.

Because there are no markets for many of the ecosystem services,
the accountants must therefore estimate these prices from other
data. Fortunately, a great number of techniques have been devel-
oped during the past years for doing exactly that. The reader
interested in an overview of those techniques is referred to refs. 24
and 25.

Accounting Prices for a Fishery. Let us assume that a fishery can be
approximated by the Schaefer model (26). This implies that there
is one species only, the dynamics of which is given by the logistic
model:

xt�1 � xt � gxt�1 �
xt

K� � ht [4]

In Eq. 4, xt is the fish stock at time t, g is the stock’s intrinsic
growth, K is the carrying capacity of the fishery, and ht is the
catch at time t. Here, we assume that the carrying capacity K is
given (in the nest section, the carrying capacity of the fishery will
be a function of the size of the mangrove stock). The unit used
for the fish stock is the biomass xt.

Assuming that the utility function is equal to the net income
of the fishermen, the social welfare function is

Wt � �
s�t

� qshs � C�hs, xs�

�1 � ��s�1 [5]

In this last equation, qs is the price of the fish in period s, C(hs,xt)
is the cost of catching hs, and � is the social rate of time preference.
This social welfare function assumes that the value of catches equals
the income from sales of the catch minus the cost for effort. The
accounting price of this stock is given by Eq. 6:

pt �
�Wt

�xt
� �

s�t

� �qs �
�C
�hs

��hs

�xt
�

�C
�xs

�xs

�xt

(1��)s�1 . [6]

It should be quite clear that the value of the accounting price
depends on what we expect from the future. In the simplest case,
when the fishery is operated optimally, the accounting price is

pt � qt �
�C
�ht

[7]

That is, the accounting price for the fish stock is the present
marginal profit from harvesting one more unit of fish (in periods
with positive harvest). However, the accounting price will be zero
when the fishery is an open-access fishery, which is the case when
anyone can enter or leave without incurring a cost, as in the
Gordon–Schaefer model (27). Simply whenever there is an ex-
pected profit (or rent) from the fishery, fishermen will enter
increasing the total catch, reducing the fish stock, and by that
increasing the harvesting cost until the profit (rent) has completely
dissipated! The social value of an increase with one unit of the fish
stock is in this case zero! This simple example tells us something
very important. The appropriate accounting prices for an asset
depends on our beliefs of the future. This basic conclusion is most
often neglected in valuation exercises.

As we have seen, our expectation for the future importance of an
ecosystem depends on our expectations on the institutional devel-
opment. Thus, institutional economics is tightly knitted to the estima-
tion of accounting prices for ecosystem services. Note that institutions
here are something different from organizations. In brief, institu-
tions are the ‘‘rules of the game’’: legislation, social norms, markets,
etc. (28). With bad institutions managing ecosystems, the account-
ing price will be low and even negative in some cases. However, if
institutions improve, because of policy reforms, for example, then
the accounting prices will rise and accounting will show an increase
in wealth per capita and therefore in human well being!

Accounting looks at the marginal values, not at total values. It is
important to emphasize this because in marginal values we start
with an accounting price pi, and value a change in the ‘‘size’’ of the
system as Pi(Ki,t�1 � Ki,t), that is, the change in the size is valued at
a constant price. This is the marginal value of the change. Instead,
the total value of the change can differ from the marginal value,
because the price may change due to changes in the size, thereby
generating changes in consumers’ and producers’ surpluses. This is
also a source of errors in many empirical studies. In SNA, it is
implicitly assumed that the values involved in transactions are
marginal values. For example, the operating surplus is interpreted
as the return on the capital stock, although parts of it may be
monopoly profits, not related to the capital stock.

Accounting Price for the Habitat Service Provided by a Mangrove
Ecosystem to a Shrimp Population. We have modeled mangrove
habitat service to fisheries, as nutrient provider, in an extremely
simplified way just to show how an accounting price for that service
may be calculated; with empirical data, this model would calculate
the accounting price of the service. Therefore, it calculates the
changes in the well being of fishermen that follows a marginal
change in the stock of mangrove biomass.

The hypothetical case we modeled includes two biological pop-
ulations: mangrove forest and shrimp population. These two stocks
grow following a Schaefer model and the growth function of the
shrimp stock depends on the mangrove biomass, which implies that
the ecosystem’s carrying capacity for shrimps, K, is not a parameter
but a variable. The net growth of the shrimp stock will then be a
function the shrimp’s biological growth minus the harvest, as usual,
but will also depend on the size of the mangrove biomass. The
harvest is modeled as a Cobb–Douglas function of effort and the
size of the shrimp stock. The effort is a function of capital and labor
inputs to the fishery activities.

The model describes a situation in which the forest is small (4,000
ha), which is the size of the mangrove forest that inspired this study,
‘‘Los Olivitos’’ in Venezuela. The forest is modeled as effectively
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protected, so that there is no cutting and sales of mangrove timber;
is spatially homogeneous in quality; and is only used by a group of
local fishermen having no power to change the price of shrimps.
Fishermen’s access to the resource is regulated by a simple permit
system limiting the amount of boats in the fishing grounds.

The dynamics of the two stocks and their interactions with the
fishermen’s economy is simulated with the software Stella for a
period of 100 years. This complex system reaches equilibrium at
about that time. We find in this way the values of the mangrove
and shrimp stocks when the system is in equilibrium. Assigning
these values from equilibrium to the biological stocks, the model
is run again to evaluate the changes in fishermen’s well being
derived from a marginal change (10 ha) in the mangrove stock.

The model calculates the stream of net income and then we
compare the net present value (NPV) of this stream before and
after having introduced a marginal change in the stock of mangrove.
The discounting rate is set at 1.5%—approximately consistent with
the one used in the Stern review (29). The accounting price
obtained is 200 US dollars per hectare. An accounting price for the
fish population can also be calculated with this model.

Accounting Price for Plaice. In the Danish and Swedish fishery of
plaice (a common flatfish mainly occurring in Europe) in Skagerrak
and Kattegat, the plaice stock does not follow the Schaefer model,
where food is the basic limiting factor. It seems that the limiting
factors are suitable breeding habitats, and the area of these bottoms
varies with time because the bottoms can be covered by algae
resulting from eutrophication. Thus, the natural capital stock
representing the plaice fishery is this area of soft bottoms.

Therefore, the Beverton–Holt model (30) seems better for
explaining the dynamics of the plaice stock (31). In this model, when
a young fish has been recruited to the stock, its growth will be
completely exogenous and described by the von Bertalanffy weight
function:

w�t� � a�1 � be�ct�3 [8]

In Eq. 8, w(t) is the average weight of fish at age t and a–c are
constants. The number of individuals at age t, N(t), is equal to
the recruitment at time 0 minus natural and fishing mortality.
The total plaice biomass at time t is thus:

B�t� � w�t�N�t� [9]

In contrast to the Schaefer model, the fishing manager must now
decide which generation is to be caught, that is, which mesh size to
use in the nets to avoid catching fishes that are too young. Note that,
once again, this decision will depend on the institutions governing
the fishery.

The Beverton–Holt model is usually presented as a model with
continuous time, which makes it very difficult and sometimes
impossible to analyze mathematically, but Silva (32), at the
Beijer Institute, rewrote the model into discrete time and solved
the model by using the software GAMS (General Algebraic
Modeling System, GAMS Development Corporation)

The social welfare function was in principle the same as discussed
in the two previous sections, that is, the present value of future net
incomes from the fishery. Assuming optimal management of the
fisheries (including the unrealistic assumption that the fishing gears
are so precise as to select only one generation of fishes), Silva was
then able to calculate the change in social welfare from a change in
the size of the area of soft bottoms, that is, the accounting price of
soft bottoms for use by the plaice for reproduction. However, there
is no reason to assume optimization. The model could, in principle,
be solved after various imperfections have been introduced. In fact,
in one simulation (not included in the publication), Silva assumed
that the selectivity in the gears was lacking so that the catch would
consist of a mix of different generations (corresponding to the age

distribution in the fishing area). In this case, the accounting price
would be lower, showing once again the importance of including
institutional considerations as well as technological specification in
the estimation of accounting prices.

Boreal Forests. Boreal forests generate many different services. The
most important service is probably the supply of timber, but besides
that, forests are important for the hydrology, for the microclimate,
and for a large set of diverse services such as berry and mushroom
picking, recreation, fishing, hunting, reindeer, and cattle feeding,
etc.
Accounting price for timber. The traditional way of looking at timber
production is, in some ways, similar to the Beverton–Holt model
in that there is an assumption of an exogenous growth function
of wooded biomass similar to the von Bertalanffy weight func-
tion. However, the model has been extended to incorporate
specific management practices such as fertilizing and thinning,
which influence the growth rate. We will neglect this in this
discussion.

The limiting factor for the growth of a forest is then the area it
can grow on and its fertility. The major economic question is at
which age to cut the trees. This question was answered in the
mid-nineteenth century, when a German forester, M. Faustmann,
derived the equation by characterizing optimal rotation (for de-
tailed analysis, see ref. 5):

V��t� � r�V�T� � c	 � r
V�T� � c
erT � 1

[10]

T is the length of the rotation (the number of years from felling
the trees to the next felling of trees), V(T) is the net value of the
stand of trees (where it is assumed that all trees have the same
age), V�(T) is the increase in net value due to future growth of
the biomass, and r is the interest rate.

V(T) � c is known as the stumpage value, representing the value
of one hectare of forest land minus the cost of felling the trees on
that hectare. The value includes the present value of future rota-
tions of the forest. Thus, the stumpage value is the maximum value
a buyer would be willing to pay for the hectare with the present
stand and is also the minimum price the present owner could accept
for selling the land. Thus, the stumpage value is the accounting
price.

Sweden and many other countries have public statistics on
stumpage values and it is therefore easy to include the timber value
of forests in the accounts. But this result is based on the implicit
assumption that the only factor that affects the forest is humans.

Crepin (33), at the Beijer Institute, studied a forest consisting of
birch trees, pine trees, and moose. Because of feedback between the
different species, the dynamics of the system now becomes non-
convex, implying that there are several different steady states, and
because of this, the system is history-dependent. In such a system
the Faustmann analysis is no longer valid. Furthermore, a change
in one of the stocks will imply changes in the production of the other
stocks and this will not be reflected in the stumpage value.
However, we do not know yet the empirical importance of this, and
more studies are needed. Because of this and the difficulties of a
complete model of the boreal forests, we are using the stumpage
value in our Stockholm County Project.

The discussion above has been limited to timber production but,
as mentioned earlier, forests produce many other services. One is
pollination by wild pollinators, and we will address that in the next
section.

Another service is the role played by forests for microclimate
control and hydrology. There is no doubt that these are important
services of the Boreal forests. However, our knowledge about
mechanisms behind the generation of these services is very limited,
and it is too early discuss how to include them in the accounting
system. Finally, other provisioning services—berry picking, hunt-

9504 � www.pnas.org�cgi�doi�10.1073�pnas.0708856105 Mäler et al.



ing, recreation, etc.—are much easier to include. For most of these
services, the land area seems to be one good measure of the size of
the stock. For hunting of moose, for example, one should also
include the initial stock of moose. Valuation of these services for
Sweden was done by Lars Hultcrantz (34).

Pollination of Cash Crops by Wild Pollinators. Many types of rapeseed
(canola), a major cash crop in North America, are pollinator-
dependent. For certain canola lines the seed weight per plant can
increase 
80% with pollination by bumblebees (35). The growing
demand for urban development has significant impacts on terres-
trial ecosystems (36) and on habitat fragmentation (37), which
represents a major threat to wild pollinators (38). In this context, it
is relevant to assess the pollination ecosystem service. In our
Stockholm County Project we attempt to estimate the accounting
price for the pollination regulating service by calculating how the
pollination potential of canola can vary because of land use change
in an urban development.

It has been shown that the availability of mass flowering crops (as
canola) has strong positive effects on bumblebee densities, and the
strongest correlation between the proportion of mass flowering
crops and bumblebee (Bombus terrestris, B. lucorum, B. lapidarius,
B. pascuorum) densities was found for landscape sectors with a
3,000-m radius (39). The bumblebees also require a 2% area of
seminatural habitat within the circles surrounding the canola fields
to obtain adequate nesting sites.

By using a geographic information system (GIS; ArcView) and
information on area and geographical location of canola fields, we
could then place circles (3,000-m radius) around the canola fields
of the study area (Stockholm County, Sweden) and calculate the
pollination potential in each circle. By changing the land use
according to the regional development plan (40) of the study area
(the Stockholm County, Sweden), we can then estimate the change
in the pollination potential of the canola. The parameters on which
our estimates of pollination potential changes are based are the
proportion of mass flowering crops within the circle and the
minimum requirement of seminatural habitat.

Because there is also a correlation between bumblebee density
and harvest index (41), the change in pollination potential can be
linked to crop output. The change in crop output can then, in turn,
be translated into monetary units through a market price method.
By using a similar approach, it has been shown (42) that forest-
based pollinators increased coffee yield in plantations in Costa Rica
by 20% and estimated that during 2000–2003 pollination services
from two forest fragments translated into approximately
US$60,000.

Furthermore, the scales of operation of ecosystem services are
of essential consideration when valuing ecosystem services (43).
The scale of operation of solitary wild bees (44) as well as some
long-tongued bumblebees (45) is in the realm of hundreds of
meters, as opposed to several thousand meters, as is the case for
the included generalist bumblebees; in our example, there are
potentially several scales of operation to consider.

The distribution of resources at the landscape scale is an impor-
tant issue to consider in the context of mobile organisms contrib-
uting to ecosystem services (46). Landscape connectivity is needed
for different pollinators and potentially also for relevant pest
control species (47), the freedom of choice to switch between
different crops, in the face of, for example, climate change, is
enhanced. This freedom allows adaptation to future environmental
and other changes and should also be considered an option value,
at least in part ascribed to the pollination service.

The dynamics of the interactions between the wild pollinators
needs therefore at least two capital stocks: the size of the canola
plantation and the size of the natural and seminatural habitat. The
bee population seems to adjust very quickly to changes in the canola
cultivation; thus there is a very fast positive feedback from increases
in the canola area to the increase in stock of bees and the following

increase in canola production. However, the increases in impacts on
the size of the natural or seminatural habitat seems to reach a
saturation point with regard to impacts on the size of the bee
populations. If the habitat is smaller than saturation size, a decrease
of habitat will result in lower bee population and therefore lower
harvest of canola.

Resilience. In all ecosystems, there are feedbacks between different
components. Some of these feedbacks are positive, which implies
that an initial perturbation of the system will be amplified. Some-
times, the positive feedback becomes active when the system
reaches a particular state, and the result is that the system will flip
to a different state that may be very different from the initial state.
The initial state is then a threshold or a bifurcation. If the initial
state is judged to be better than the state the system would reach
if it would switch, it is of importance to prevent it from reaching the
threshold. The largest perturbation the system can absorb without
flipping into a different state is known as resilience (48).

If there is no uncertainty about the dynamics of the system, we
can always manage the system to stay within the bounds of
resilience. However, we never have full information and it is better
to regard the system as a stochastic process. That implies that there
may be a positive probability that the system will reach the threshold
and flip to the nondesired state. This probability will be lower if the
resilience increases. Therefore, it is essential to manage the resil-
ience. Furthermore, resilience should be regarded as capital stock
as it provides us with a kind of insurance against reaching a
nondesired state.

As a stock, it has an accounting price and that price is roughly the
change in the expected change in net present value of the expected
future ecosystem services resulting from a marginal change in
resilience today (49). Thus, we can estimate the accounting price if
we know the dynamics of the system and the statistics of the system
(as a stochastic process). This has been applied in analyzing the
Goulburn-Broken Catchment in Southeast Australia. This system
contains an area with extensive production of vegetables. The use
of irrigation has increased the salinity of the ground water so that,
if the water table reached two meters under the surface, the saline
water would be sucked up to the surface and the whole production
of vegetables would collapse. Thus, the resilience in this system is
the distance from the current level of the water table to the level two
meters below the surface. The water table is affected by two factors:
precipitation and pumps that try to control the water table. Based
on historical data (which may no longer be relevant because of
global warming), the researchers estimated a probability distribu-
tion for the level of the water table and then estimated the increase
in expected net income from the agriculture if the water table were
one meter lower. Unfortunately, there have been no other attempts
to include resilience in accounting for ecosystem services.

Conclusions
From the brief presentations in the previous sections, it follows that
accounting for ecosystem services is very case sensitive, because:

Y Ecosystem dynamics varies from case to case.
Y The definition of stocks varies from case to case.
Y The nature of ecosystem services varies from case to case—

sometimes private services, sometimes public services, and
sometimes a mixture.

Y Institutions vary from case to case with implication for valu-
ation.

It seems to be in startling contrast to the creation of the standard
national accounts, because SNA includes almost only market
transactions and very few imputations (assessing values to factors
that are not transacted in markets) are needed, except for the public
sector. Industrial or infrastructural projects take time to carry
through and they will have a long lifespan and complicated dynam-
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ics. Should not their complicated dynamics inhibit the construction
of SNA? The answer is no, because of the existence of market
prices. This complicated dynamics has been taken into account by
the managers of the projects and will therefore affect the demand
and supply of goods and services now and in the future, and
therefore the prices. If the markets work perfectly, the prices will
correctly represent the social marginal costs and benefits of goods
and services, and the data from transactions will reveal the true
values.

When we deal with ecosystem services, we the analysts and we
the accountants must figure out the accounting prices from knowl-
edge of the working of every ecosystem. It is therefore—at least for
now—impossible to design a standardized model for building a
wealth-based accounting system for ecosystems. We have to de-
velop such an accounting system by following a step-by-step path,
going from one ecosystem to another.

It has often been said that the major problem of including
ecosystem services in national accounts is the difficulty of valuing
the services themselves. We do not believe that. Progress has been
made, for example, on (i) valuation techniques: Bockstael and

Freeman (50), and Mcconnell and Bockstael (44); (ii) survey
techniques: Carson and Hanemann (51); and (iii) dynamic model-
ing of ecosystems: Xepapadeas (21), Carpenter et al. (52), Scheffer
(53), and Christiansen and Walters (54).

A strategy for future development of accounting for ecosys-
tems must include:

It is not possible to estimate accounting prices for every
ecosystem in the world. Instead a strategy for future develop-
ment must include:

Y Selection of major ecosystems to be studied and included in
the accounting framework

Y Establishment of the dynamics of the selected systems, as well
as possible

Y Description of the institutions that control the system now and
are expected to do so in the future

Y Development of the appropriate valuation techniques for each
chosen ecosystem service

Y Standardization of methods over different ecosystems, as
much as possible.
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Economics, eds Mäler K-G, Vincent JR (North–Holland, Amsterdam), Vol 2, pp 821–936.

52. Carpenter SR, Ludwig D, Brock WA (1999) Management of eutrophication for lakes
subject to potentially irreversible change. Ecol Appl 9:751–771.

53. Scheffer M (1998) The Ecology of Shallow Lakes, Population and Community Biology
Series 22 (Chapman & Hall, London).

54. Christiansen V, Walters C (2004) Ecopath with Ecosim: Methods, capabilities and
limitations. Ecol Model 172:109–139.

9506 � www.pnas.org�cgi�doi�10.1073�pnas.0708856105 Mäler et al.
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We develop an integrated model to predict private land-use
decisions in response to policy incentives designed to increase the
provision of carbon sequestration and species conservation across
heterogeneous landscapes. Using data from the Willamette Basin,
Oregon, we compare the provision of carbon sequestration and
species conservation under five simple policies that offer payments
for conservation. We evaluate policy performance compared with
the maximum feasible combinations of carbon sequestration and
species conservation on the landscape for various conservation
budgets. None of the conservation payment policies produce
increases in carbon sequestration and species conservation that
approach the maximum potential gains on the landscape. Our
results show that policies aimed at increasing the provision of
carbon sequestration do not necessarily increase species conser-
vation and that highly targeted policies do not necessarily do as
well as more general policies.

conservation payments � ecosystem services � landscape modeling �
private landowners � land-use change

Ecosystems provide a wide array of goods and services of value
to people, as well as support for biodiversity. Human activ-

ities, particularly regarding land use and land management, have
altered ecosystems in fundamental ways with broad-ranging
consequences for human well-being and the survival of other
species. However, the effects of land-use and land-management
decisions on ecosystem services and biodiversity often are not
incorporated into decision-making, resulting in outcomes that
reduce the provision of ecosystem services and biodiversity
conservation in ways that harm both human well-being and
biodiversity.

One important step in improving decision-making is to pro-
vide information about the effects of human decisions on
ecosystem services and biodiversity. Although models exist that
project the effects of land-use and land-management decisions
(hereafter referred to simply as land-use decisions) on individual
ecosystem services or specific taxonomic groups (e.g., refs. 1–3),
few landscape-scale assessments of multiple ecosystem services
and biodiversity have been conducted (exceptions include refs.
4 and 5). Managing landscapes to deliver ecosystem services and
species conservation requires the integration of spatially explicit
data and models from ecology, economics, and other disciplines.

Information about ecosystem services and biodiversity con-
servation, although necessary, is not sufficient to generate
socially beneficial landscape-level management. Providing in-
centives to make decisions that reflect the value of ecosystem
services and biodiversity conservation is also important. Land-
use decisions are typically made by a large number of private
landowners and public entities. Private landowners typically lack

the incentive to manage land to provide ecosystem service and
biodiveristy conservation benefits because many of the benefits
produced on their land accrue to others (i.e., the benefits are
public goods). For example, carbon sequestration provides a
global benefit by reducing atmospheric CO2 levels, while water
purification services help those downstream. In addition, the
provision of ecosystem services may depend on the spatial
pattern of land use, requiring coordinated effort across multiple
landowners (6). Incentives for provision of ecosystem services
and biodiversity conservation can be supplied by government
programs such as the U.S. Department of Agriculture’s Conser-
vation Reserve Program (CRP), which pays farmers to take land
out of production and establish perennial plant cover to improve
habitat, reduce erosion, and supply other environmental bene-
fits. Currently the CRP pays farmers �$1.8 billion annually to
enroll 36 million acres in the program (7). Land trusts and
conservation organizations are another important avenue for
providing ecosystem services and biodiversity conservation by
securing conservation easements or buying land outright.

Here we develop an integrated model that (i) predicts landowner
decisions as a function of existing market conditions and incentive-
based conservation payments and (ii) predicts the impact of land-
use changes on ecosystem services and biodiversity conservation.
Our approach integrates the effect of policy on land-use decisions
and the resulting consequences for the joint provision of ecosystem
services and biodiversity conservation across a landscape.

We use National Resources Inventory (8) data over several
time periods to estimate a model of land-use change on private
land. Landowners choose to allocate land among various uses
based on current land use, predicted economic net returns to
each land use, land quality, and specific characteristics of the
landowner (e.g., preferences or skill level). The empirical model
yields transition probabilities expressed as functions of net
returns and starting land use. This approach has the advantage
of being based on observed land-use decisions, and, because
transition probabilities depend on net returns, the effect of
incentive-based policies on landowner decisions can be simu-
lated by modifying net returns. Distributions of future land-use
patterns in the Willamette Basin under alternative land conser-
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vation payment schemes, including a baseline with no conservation
payments, are generated by running repeated simulations, with
each simulation generating a land-use pattern consistent with the
transition probabilities and the given conservation payment
scenario. This approach explicitly accounts for the uncertainty
about individual landowner decisions. Further details on our
land-use change model are presented in Materials and Methods.

The policy-generated and baseline land-use patterns are then
used as inputs into models that predict the provision of ecosys-
tem services and biodiversity conservation. Modeling these
factors often involves the use of sophisticated models that
require extensive data inputs, which makes them inapplicable in
some situations. An important question we address is the degree
to which policy recommendations are robust to changes in data
input requirements and model sophistication. We use models
with different levels of complexity and detail to explore this
question. The first level of models uses readily available data and
simple relationships to link land use to ecosystem services and
biodiversity. The second level requires more detailed, site-
specific information and incorporates more complex relationships.

To demonstrate the potential tradeoffs and synergies between
ecosystem services and biodiversity conservation on a landscape,
we focus on carbon sequestration and terrestrial vertebrate
species conservation. Carbon sequestration is an important
ecosystem service for which data and models are readily avail-
able and for which markets for payment are emerging. Terres-
trial vertebrate species conservation is an important objective of
policy and is the main objective of many conservation organi-
zations. Details on the models we used to predict carbon
sequestration and species conservation are presented in Mate-
rials and Methods.

We use these models to compare efficient land-use patterns
with those likely to emerge as a result of decisions by landowners
under various land-use conservation policy scenarios and con-
servation program budgets. Efficient outcomes occur when it is
not possible to increase one desired objective without simulta-
neously decreasing another desired objective. In other words, all
potential ‘‘win–win’’ possibilities have been realized. We sum-
marize the set of efficient outcomes, with efficiency frontiers
that show the maximum feasible combinations of multiple
outputs that can be generated by the landscape.

In principle, an efficient outcome can be implemented by
using a policy that aligns private landowner and social incentives.
In practice, however, several obstacles prevent the implemen-
tation of such a policy and a realization of efficient outcomes.
First, because of unobservable landowner characteristics and
preferences, a government agency or conservation organization
cannot predict with certainty which landowners will voluntarily
accept a contract or payment scheme. Therefore, it is not
possible to predict the policy-induced spatial pattern of the
landscape with certainty (9). Second, because of landscape
heterogeneity and spatial interactions, using incentive-based
policies to generate an efficient land-use pattern may involve a
complex set of various payments or contracts that go well beyond
the administrative ability of an agency or organization to im-
plement them. In addition, principles of fairness may limit
differential treatment of landowners, even though landowners
contribute differently to the provision of desired outcomes.

We apply this suite of land-use change and landscape-level
biophysical models by using data from the Willamette Basin,
Oregon [see supporting information (SI) Fig. 4]. The Basin
consists of primarily forested slopes of the Coast and Cascade
Mountain Ranges surrounding a relatively flat valley floor
dominated by agriculture and urban centers. The valley floor and
low foothills are largely privately owned, with public land
dominating the higher elevations. The terrestrial species con-
servation model uses 37 terrestrial vertebrate species determined
to be at risk or particularly sensitive to land-use change in the

Basin [S.P., E.N., J. Camm, B. Csuti, P. Fackler, E.L., C.
Montgomery, D.W., J. Arthur, B. Garber-Yonts, R. Haight, J.
Kagan, A. Starfield, and C. Tobalske, unpublished data (avail-
able from the author upon request) and see SI Fig. 5].

We analyze the degree to which simple contracts or payment
schemes to convert land to conserved land use can be expected
to generate an efficient land-use outcome. We compare four
targeted policies, under which only private landowners whose
lands meet certain criteria are eligible, with an untargeted policy
in which all private landowners are eligible to participate. The
five conservation policies defined for privately owned parcels we
analyze are (i) All: any parcel is eligible for a conservation
contract; (ii) Rare Habitat: only parcels that could convert to
particular types of rare natural habitat are eligible; (iii) Carbon:
only parcels that could convert to conserved forest are eligible;
(iv) Riparian: only parcels with significant stream density are
eligible; and (v) Species Conservation: only parcels identified as
important for vertebrate species conservation in the Basin [S.P.,
E.N., J. Camm, B. Csuti, P. Fackler, E.L., C. Montgomery, D.W.,
J. Arthur, B. Garber-Yonts, R. Haight, J. Kagan, A. Starfield,
and C. Tobalske, unpublished data (available from the author
upon request)] are eligible (see SI Fig. 6). The targeted policies
mimic common targeting schemes used in incentive-based pro-
grams of the U.S. Department of Agriculture, such as the CRP.
We compare the performance of targeted and untargeted land-
use conservation payment schemes relative to the baseline
land-use patterns assuming no land-use conservation policy. We
also compare the performance of targeted and untargeted
incentive payment schemes relative to the efficiency frontier for
various levels of land-use conservation program budgets.

Results
Tradeoffs were found between carbon sequestration and species
conservation on efficiency frontiers in the Willamette Basin, as
indicated by the negative slope of each efficiency frontier (Fig.
1, and see SI Tables 1–4). An efficiency frontier shows the
maximum amount of a given objective that can be attained on the
landscape for a fixed level of the other objective and a given
conservation program budget. Starting from an efficient land-
use pattern, an increase in the production of one objective
requires a decrease in the level of the other. Both species
conservation and carbon sequestration levels on the frontiers
increase as the conservation budget increases because more
landowners can participate in the program. The shifting-out of
the efficiency frontiers with increased conservation budget also
reveals a tradeoff between species conservation/carbon seques-
tration and commodity production. In other words, greater levels
of incentive payments corresponding to higher opportunity cost
(e.g., value of foregone production) are required in order to shift
land to conservation use. Results obtained with the simple
carbon and biodiversity models (Fig. 1A) show a greater tradeoff
between carbon storage and species conservation. With the
complex biophysical models, we find significant portions of the
efficiency frontiers where one objective can be increased without
significantly lowering the other (Fig. 1B).

In general, species conservation is maximized when landown-
ers who accept a conservation payment restore natural habitats
that are relatively rare on the current landscape, including oak
savanna, prairie, and emergent marsh. Carbon sequestration, on
the other hand, is maximized when landowners who accept
conservation payments restore conserved forests, including old
growth, mixed, and riparian forest. Although maximizing forest
cover benefits some species (e.g., the spotted owl), it provides
little benefit for the majority of the 37 species analyzed. The
different land-use patterns corresponding to different points on
the efficiency frontier are illustrated for the policy under which
all landowners are eligible for conservation payments, using the
simple biophysical models (Fig. 2, and see SI Tables 5 and 6). On
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the mapped portion of the valley floor, the land-use pattern that
maximizes species conservation contains more oak savanna,
prairie, marsh, and scrub–shrub lands (shown in yellow in Fig. 2),
whereas the landscape that maximizes carbon storage contains
more managed forests (shown in blue in Fig. 2). Both land-use

patterns have less agricultural land than the average baseline
land-use pattern on which no payments are offered for private
landowner conservation.

The land-use patterns induced by the five policy scenarios
considered here produce only small increases in carbon seques-
tration and species conservation relative to the baseline land-
scape with no conservation policy (indicated by the circles in Fig.
1), as compared with the feasible increases shown by the
efficiency frontiers (Fig. 1, and see SI Tables 1–4). These
inefficiencies are evident for both the simple and complex
biophysical models and across all three conservation program
budget levels.

The five policy scenarios generate very different mixes of
outcomes relative to the baseline. Both the Rare Habitat and
Species Conservation policies result in increases in species con-
servation but do not increase carbon sequestration, with actual
reductions occurring under the Rare Habitat policy. By compar-
ison, the Carbon policy, under which conservation contracts are
only offered to landowners who can significantly increase the
forest coverage on their land, results in increases in carbon
sequestration but little increase in species conservation (simple
models) or a decrease in species conservation (complex models).
The Riparian policy provides little benefit in terms of either
carbon sequestration or species conservation. Somewhat sur-
prisingly, the untargeted policy (the All policy) increases species
conservation as much or more than any of the targeted policies.

There is considerable variation in the degree to which species
conservation and carbon sequestration can be increased by a
policy for a given program budget level (Fig. 3, and see SI Tables
7–10). The variation in results for a policy–budget combination,
using both simple and more complex models, is largely driven by
the great variation in potential land-use patterns. Such variation
is indicative of the uncertainty with which land-use pattern can
be predicted using empirical models of voluntary decisions.
There is also greater variation in the species conservation results
using the complex species conservation model where species

Fig. 1. Comparison of policy scenarios using the simple and complex biophysical models. (A) Increases in species conservation and carbon sequestration induced
by each policy simulation and across each efficiency frontier, as compared with the base-case landscape with no conservation policy (the origin of each graph),
using the simple species conservation and carbon sequestration models. Policy and efficiency results are shown for conservation program budget levels of $1
million, $5 million, and $10 million. Each point symbol shows the average response for the policy simulations across all 500 simulations. The leftmost graph shows
the results when all private landowners are eligible for payments (the All policy scenario). The remaining graphs show results of targeted policies (see SI Table
1). The efficiency frontiers are shown as curved lines and assume that all private parcels eligible for a payment under the All policy scenario are eligible for a
conservation payment when finding the frontier. The efficiency frontiers for the three budget levels are replicated on each policy graph (see SI Table 2). The
baseline land-use pattern used to determine the origin of each policy graph had the mean service bundle level across all 500 simulated baseline land-use patterns.
A 0.005 change on the x axis is equivalent to a 0.5% average change in the relative amount of a species’ habitat provided by a land-use pattern. A 0.005 change
on the y axis is equivalent to 2.1 million metric tons of carbon. (B) We replicate the analyses shown in A by using the complex species conservation and carbon
sequestration models (see SI Tables 3 and 4). The efficiency frontiers in B represent only portions of complete frontiers because of the difficulty in finding points
on the frontier with the nonlinear species conservation model. A 0.02 increment on the x axis is equivalent to a 2% change in aggregate species persistence. A
0.02 increment on the y axis is equivalent to 1.8 million metric tons of carbon sequestration.

Fig. 2. Land-use patterns on the $10 million efficiency frontier (simple
models). The two maps depict land-use patterns generated at two points
along the $10 million budget efficiency frontier, using the simple carbon
sequestration and species conservation models under the All policy scenario.
The two maps at the top of the figure represent the entire study area at points
1 and 2 along the frontier. The blocks of numbers beside each Basin-wide map
indicate the number of parcels in each land-use category on that map (see SI
Tables 5 and 6). The corresponding maps directly below the Basin-wide maps
show the land-use patterns in the area highlighted in gray on the small inset
map.
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persistence probabilities increase nonlinearly with habitat and
spatial configuration matters. Both the nonlinear change and the
importance of spatial pattern make the species conservation
score much more sensitive to which landowners accept conser-
vation payments and results in greater variation across land-use
pattern permutations than is the case with the simple model that
depends only on the amount of habitat.

Discussion
We have combined a model that predicts land-use decisions by
multiple private landowners with models that predict the con-
sequences of these decisions on the provision of an ecosystem
service and on biodiversity conservation. Although more so-
phisticated models exist for the component parts [e.g., the
CENTURY model for carbon sequestration (10, 11)], these
components have not been linked in a systematic fashion. We
show that policies that pay private landowners to restore land to
natural cover increase the provision of an ecosystem service and
biodiversity conservation; however, these increases are less than
what is feasible for a given budget, as shown by the efficiency
frontier. It is possible that more sophisticated policies, such as
auctions in which landowners submit bids of their willingness-
to-accept (WTA) land use change, may be able to close the gap
vis-à-vis the efficiency frontier.

For a given policy scenario simulation, all landowners accept-
ing conservation contracts receive the same payment even
though their WTA varies significantly (see SI Fig. 7). The
inability to price-discriminate is one of the sources of the gap
between the policy-induced land-use patterns and those on the
efficiency frontier. Overpayments to landowners, however, are
simply transfers from the program administrator to the land-
owners. The true social cost of the conservation policies is equal
to the sum of the WTA of landowners agreeing to conservation
contracts. Evaluating the efficiency of the incentive payments by
measuring social costs rather than budget costs (including trans-
fers) leads to a more optimistic interpretation of the efficiency
of our simple conservation policies. For example, under the
Species Conservation policy, using the simple species conserva-
tion model with a $10 million budget, the conservation policy
achieves 57% of the potential increase in species conservation.
However, using the sum of WTA as the measure of cost, the cost
of the contracts would be approximately $5 million (see SI Fig.
8). Compared with what could be achieved at this program
budget level, the conservation policy achieves 81% of the

potential gain in species conservation. The remaining ineffi-
ciency of incentive-based policies is because voluntary enroll-
ment does not ensure that the specific set of landowners neces-
sary to generate an efficient landscape pattern will enroll.
Nevertheless, many agencies view the budget as a measure of
cost, and overpayments to landowners can have efficiency
implications if there are costs to raising and administering
program funds.

Our analyses show that policies aimed at increasing the
provision of an ecosystem service can, but do not necessarily,
increase the provision of species conservation (and vice versa).
We found some cases in which a policy directed toward one goal
actually reduced the ability to attain the other goal. For example,
the Rare Habitat scenario results in lower carbon sequestration
than the case with no policy at all. If programs that pay for
ecosystem services are not designed carefully, they may yield
minimal gains in services of interest and may well result in harm
to other services or biodiversity conservation. The consideration
of a greater range of ecosystem services in a conservation policy
will only magnify the degree of potential tradeoffs. Another
challenge to designing an efficient targeting scheme is the fact
that the optimal conservation payment will vary across land-
owners and may be a function of the land-use decisions of each
landowner’s neighbors (as it is with the complex species conser-
vation model). Implementing a complicated incentive scheme
that accounts for such interactions would not be trivial. Finally,
if a targeted policy does not accurately capture desired environ-
mental benefits, then results with targeting may be worse than
without targeting. Targeting reduces the number of eligible
landowners and, on average, raises the cost of a conservation
contract. Only through accurate targeting of conservation con-
tracts to landowners providing high conservation benefits will
the gain of targeting be sufficient to outweigh the increase in
contract cost.

Fundamental differences in model assumptions and output
metrics in the simple and complex species conservation models
make it difficult to directly compare their results. The simple
species conservation model provides an estimate of the propor-
tion of the landscape that provides habitat for the 37 terrestrial
vertebrate species included in the analysis. This measure does
not take into account species’ area requirements for breeding
and feeding activities or the spatial pattern of the landscape. The
complex species conservation model estimates the probability
that each of the 37 species would maintain a viable population

Fig. 3. Variability in results. Results are shown for three simulations that represent the 5th percentile, mean, and 95th percentile in terms of species conservation
and carbon sequestration values among the 500 simulations for the All policy scenario with a $10 million program budget (see SI Tables 7–10), using the simple
(A) and complex (B) models. The origins used in the graphs are the same as those used in the graphs in Fig. 1 A and B, respectively. Each policy result dot, and
its accompanying efficiency frontier, are functions of the same baseline land-use pattern. The baseline land-use patterns that form the basis of the 5th and 95th
percentile results using the simple biophysical models are not the same patterns that form the basis of the 5th and 95th percentile results using the complex
biophysical models. The baseline land-use pattern that forms the basis of the mean results in both models is the same pattern that was used to create the efficiency
frontiers shown in Fig. 1.
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in the Willamette Basin, taking into account both the species’
area requirements for breeding and feeding activities and the
spatial pattern of the landscape. A species that requires large
contiguous blocks of habitat in a landscape that contains many
small fragments of habitat may score well in the simple model,
while the complex model produces a low score. In addition, it is
possible for relatively small land-use changes that result in
increases in key habitat to have a large impact on species
conservation in the complex model that takes habitat configu-
ration into account.

In this analysis, we investigate feasible combinations of an
ecosystem service and species conservation that could be pro-
duced on the Willamette Basin (‘‘supply side’’ analysis). This
analysis shows tradeoffs between desired ends but does not
provide information about how to choose among these ends.
Combining this analysis with non-market valuation studies
(‘‘demand-side’’ analysis) would allow comparison of the value
of different bundles of ecosystem services and species conser-
vation to maximize the value of outcomes generated by the
landscape. It is relatively straightforward to value some ecosys-
tem services, such as those that produce marketable commod-
ities (e.g., crops or timber). Studies of the potential losses
associated with climate change and rapidly emerging carbon
markets offer some hope for accurately assessing the value of
carbon sequestration. At the other extreme, valuing species
existence or aesthetics is fraught with difficulty (e.g., ref. 12).
Even without complete valuation of all environmental goods,
however, presenting decision-makers with tradeoffs among ends
provides information regarding the opportunity cost of achiev-
ing particular environmental goals and, hence, a measure of the
minimum value that those environmental goods must possess for
a particular policy to achieve a net gain in social welfare.

Finally, predictions and policy advice generated by analyses
are only as good as the models and data on which they are based.
In many ways, we are still at an early stage in the analysis of the
provision of ecosystem services and biodiversity conservation
from landscapes, and much remains to be learned. Questions
remain regarding how much detail and complexity are required
in order to inform policy. In our application, it appears that
greater model complexity and data did not greatly change
modeling results or policy advice. Expanding the analysis to
include more services risks going beyond what teams of analysts
know and understand. Linking many components into a com-
prehensive analysis also risks magnifying any errors present in
the component analyses. The joint nature of the provision of
ecosystem services on landscapes, however, makes the push
toward comprehensive analysis of vital importance. Further
analysis, combined with monitoring and evaluation of the con-
sequences of past decisions, should offer more confidence in
predictions and policy advice generated by landscape-level anal-
yses such as the ones undertaken here.

Materials and Methods
The Parcel Map. The Willamette Basin of Oregon was divided into 10,372
distinct parcels on the basis of a 1990 land-cover map (13). We deleted
water-covered parcels and parcels inside urban growth boundaries, leaving
8,176 parcels. We obtained information on each of these parcels, including the
1990 land-cover type, current ownership and conservation status (14), pre-
Euroamerican vegetation cover (15), and other physical characteristics, such as
soil type (16) and location of perennial streams (ref. 17, and see SI Text: The
Parcel Map).

Econometric Model of Land-Use Change. An econometric land-use model (1) is
used to quantify the relationship between private land-use decisions, the
economic net returns to alternative uses, and parcel-level characteristics (see
SI Text: Econometric Model of Land-Use Change). Landowners are assumed to
choose land uses to maximize the present discounted value of the stream of
expected returns to the land net of conversion costs. Because, in practice,
land-use decisions can also be influenced by unobserved factors (e.g., land-

owner skills), we model the probability that a land parcel will change from one
use to another conditional on observed net returns and model parameters.
These parameters are estimated by using a repeated sample of plot-level
land-use decisions from the National Resources Inventory. The econometric
analysis focuses on private land in the conterminous United States and on six
major land uses (crops, pasture, forest, urban, range, and land enrolled in the
CRP). The estimation yields land-use transition probabilities for all possible
starting and ending uses, conditioned on net returns and plot-level soil
characteristics. For this analysis, we extract the values of these conditioning
variables for the Willamette Basin to produce a set of transition probabilities
for each parcel.

Policy Simulation. Starting from an initial land-use pattern (circa 1990), we use
the econometrically estimated transition probabilities to predict changes in
the landscape over a 50-year time period (ref. 8, and see SI Text: Policy
Simulation). Because changes on each land parcel are probabilistic, we simu-
late 500 baseline land-use patterns to generate a representative distribution
of the range of potential landscape outcomes assuming no conservation
payments to private landowners.

We then use the estimated transition probabilities to generate a probabil-
ity distribution of WTA for each parcel of private land, where WTA is the
minimum amount of annual payment necessary for the landowner to agree to
take their land out of its current production land use and switch to conser-
vation. For each of the 500 baseline simulations, we generate a WTA value for
each privately owned parcel by randomly drawing from the parcel’s WTA
probability distribution. Under any policy scenario simulation, an eligible
private landowner will accept a conservation contract if the contract’s annual
payment is equal to or exceeds the landowner’s WTA. We assumed that land
placed into conservation is restored to the land’s pre-Euroamerican vegeta-
tion cover for that parcel. A parcel that does not contract for conservation is
assumed to remain in its baseline land use (see SI Text: Policy Simulation and
SI Table 11). Because we have 500 baseline land-use patterns and 500 accom-
panying vectors of private landowner WTA values, we can generate 500
policy-induced land-use patterns for each policy scenario and conservation
program budget level.

We evaluate each of the five policy scenarios at three different annual
budget levels: $1 million, $5 million, and $10 million. For each scenario and
budget combination, we solve for the annual per-acre contract price that
would enroll just enough landowners to exhaust the budget (see SI Table 12).

Carbon Sequestration Models. The simple version of the carbon model uses as
its biophysical basis Intergovernmental Panel on Climate Change default
terrestrial carbon storage values as a function of land use (18). Storage values
as a function of land use are specific to the Basin’s eco-region and climate
region. Carbon stored on the land is the sum of carbon stored in five pools: soil,
below-ground biomass, above-ground biomass, deadwood and litter, and
harvested wood products. The difference between the carbon stored on the
initial and final land-use patterns represents the carbon sequestration that
occurs on the landscape over a 50-year time horizon. Because storage values
are uncertain, we construct mean sequestration values to score land-use
patterns (see SI Text: Simple Carbon Sequestration Model and SI Tables 13–18).

In the more sophisticated version of the carbon model, we use detailed
information specific to the Willamette Basin, including information about the
distribution of tree species, tree ages, and canopy densities across the land-
scape, along with characteristics of each parcel and tree stand allometric
tables (19), to predict annual carbon sequestration on each parcel over the
50-year modeling time horizon. Annual carbon sequestration rates are a
function of the mix of softwood and hardwood trees, tree stand age, canopy
density, soil type, elevation, initial and final land use on the parcel, and the
timing of land-use transition (20). Annual changes in carbon sequestration are
discounted at a 5% rate. Because the exact softwood and hardwood tree mix,
canopy density, carbon stock in the soil and other minor carbon pools, and
timing of land-use transition on each parcel are unknown, we construct mean
sequestration values to score land-use patterns. The model’s final output is the
amount of carbon sequestered across the whole landscape over the 50-year
modeling time horizon (see SI Text: Complex Carbon Sequestration Model and
SI Tables 19–24).

Final landscape-level output from both carbon models is normalized by
dividing predicted 50-year carbon sequestration levels by the maximum po-
tential sequestration that could occur on the landscape over the same time
period.

Species Conservation Models. The species conservation model translates land-
use patterns into habitat maps for the 37 terrestrial vertebrate species mod-
eled in the analysis. The simple species conservation model is solely a function
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of aggregate species habitat for breeding and feeding activities (see SI Text:
Simple Species Conservation Model, SI Table 25, and SI Fig. 5). For each
generated land-use pattern, the simple model calculates the following ratio
for each species: the amount of breeding and feeding habitat area provided
for the species vs. the maximum amount of breeding and feeding habitat area
that could be provided if the landscape was completely managed for the
benefit of the species. The overall species conservation score for a land-use
pattern is the average of all 37 species ratios. Time is not a factor in the simple
species conservation model.

In contrast, the complex model is spatially explicit and predicts species
persistence as a function of the amount and spatial pattern of breeding and
feeding habitat, as well as species’ breeding and feeding area requirements
and dispersal abilities. The complex species conservation model determines
the expected number of species that would persist on the landscape for an
indefinite time period, given a land-use pattern (ref. 21, and see SI Text:
Complex Species Conservation Model and SI Tables 25–27). The complex
species conservation model results are normalized by dividing a land-use
pattern’s predicted species conservation amount by 37.

Efficiency Frontiers. An efficiency frontier plots combinations of outcomes
such that one outcome cannot be improved without reducing another out-
come. We solve for a point on an efficiency frontier by finding the land-use
pattern that maximizes species conservation subject to the land-use pattern
meeting a specified carbon sequestration value and a given policy budget.
Parcels eligible for a change when finding the efficiency frontier are the same
parcels that are eligible for a conservation contract under the All policy

scenario. The only change possible is from the baseline land use to the
conservation land use. For the efficiency frontier analysis, we assume that the
annual conservation payment paid to a landowner is equal the landowner’s
WTA.

By varying the carbon sequestration goal, we can define the efficiency
frontier for a given program budget level [S.P., E.N., J. Camm, B. Csuti, P.
Fackler, E.L., C. Montgomery, D.W., J. Arthur, B. Garber-Yonts, R. Haight, J.
Kagan, A. Starfield, and C. Tobalske, unpublished data (available from the
author upon request)]. We then solve for the efficiency frontier for three
different budget levels. By increasing the budget, which represents greater
opportunity cost in terms of foregone marketed commodity production,
greater levels of species conservation and carbon sequestration can be ob-
tained (see SI Text: Efficiency Frontiers).

The efficiency frontiers in Fig. 1 indicate maximum joint production on the
landscape assuming a particular baseline land-use pattern; we did not find the
set of efficiency frontiers associated with each baseline land-use pattern and
then take the average across all frontiers.
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Global efforts to conserve biodiversity have the potential to deliver
economic benefits to people (i.e., ‘‘ecosystem services’’). However,
regions for which conservation benefits both biodiversity and
ecosystem services cannot be identified unless ecosystem services
can be quantified and valued and their areas of production
mapped. Here we review the theory, data, and analyses needed to
produce such maps and find that data availability allows us to
quantify imperfect global proxies for only four ecosystem services.
Using this incomplete set as an illustration, we compare ecosystem
service maps with the global distributions of conventional targets
for biodiversity conservation. Our preliminary results show that
regions selected to maximize biodiversity provide no more eco-
system services than regions chosen randomly. Furthermore, spa-
tial concordance among different services, and between ecosystem
services and established conservation priorities, varies widely.
Despite this lack of general concordance, ‘‘win–win’’ areas—
regions important for both ecosystem services and biodiversity—
can be usefully identified, both among ecoregions and at finer
scales within them. An ambitious interdisciplinary research effort
is needed to move beyond these preliminary and illustrative
analyses to fully assess synergies and trade-offs in conserving
biodiversity and ecosystem services.

biodiversity � carbon � hotspots � Global 200 � conservation planning

E fforts to conserve wild nature have traditionally focused on
biodiversity: the variety of life on earth at scales from genes

to ecosystems (1). Recently, conservationists have become in-
terested in another aspect of conservation: the goods and
services from ecological systems that benefit people (e.g., water
purification, carbon sequestration, and crop pollination). These
‘‘ecosystem services’’ are currently the focus of intensive re-
search, development, and policy attention (2–4). The Millen-
nium Ecosystem Assessment (5) documented the importance of
ecosystem services to human well-being and showed that con-
tinued supply of these services is threatened by unsustainable
anthropogenic activities (5, 6). Conservation groups have begun
to promote ecosystem services and the benefits that biodiversity
programs confer on people (7), but there is little direct evidence
of this effect beyond a few local case studies (8–10). To
effectively integrate ecosystem services into planned or existing
conservation programs, we need to more broadly evaluate the
spatial concordance between areas that produce ecosystem
services and those that support biodiversity.

Such evaluation will require the best available data on the
distribution of both ecosystem services and biodiversity. On the
biodiversity side, the past 20 years have seen progress from
extrapolations and general guesses about biodiversity in biomes
such as tropical forests (11) to comprehensive, high-resolution
global datasets on species ranges of a number of taxonomic
groups (12–15). To accompany these improving data, research-
ers have developed sophisticated methods for prioritizing con-
servation efforts (16–18).

In contrast, the spatial estimation of global ecosystem service
values remains quite crude. Similar to initial estimates of species
richness, an early and controversial study on global ecosystem
service values used localized, context-specific valuation studies
to extrapolate economic values for the whole world (19). Ten
years after this study was published, global and regional efforts
to map ecosystem services continue to use these estimates
(20–22), despite the well known limitations (23). In addition, few
studies have taken advantage of recent technical advances in the
selection of priority areas for biodiversity and adapted these
advances to cover ecosystem services (but see refs. 24–26).

To move forward, global ecosystem service assessments must
generate better maps of where ecosystem services are produced,
quantify the likelihood of land use conversion and its probable
impact on service provision, and understand the value and flow
of benefits to nearby and distant human populations. This will
require an extraordinary interdisciplinary effort (see Table 1) yet
is vital for informed decision-making. For example, payments for
ecosystem services (PES), which involve those who benefit from
an ecosystem service compensating those who provide the
service, will only benefit biodiversity conservation if there is
spatial congruence between important areas for biodiversity and
ecosystem services and if there is congruence in the particular
land use regimes that best deliver both targets. Because char-
acterizing multiple ecosystem services and biodiversity across
the same region has only recently emerged as a field of study (27,
28), these levels of congruence are poorly understood, and the
little quantitative evidence available to date has led to mixed
conclusions (26, 29).

The above represents an ambitious research agenda for at least
the coming decade, but how far can we get today? Here we
explore this question by using available data of global extent and
find only four ecosystem services for which we could map proxies
at a global scale, and even those data are imperfect (Table 1). We
assess these maps against the elements necessary for compre-
hensive mapping of global ecosystem services. Then, using this
incomplete set, we illustrate the potential synergies and conflicts
between the conservation of ecosystem services and more
conventional biodiversity targets. We use ecoregions as the
individual planning units because they are widely accepted as a
useful template on which to base global-scale priority-setting
(30) and because comprehensive data on vertebrate species
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distributions have recently become available for all terrestrial
ecoregions (15). We ask four main questions: (i) How well
correlated across space are the four ecosystem services? (ii) How
do conservation priorities focused on biodiversity capture eco-
system services, and vice versa? (iii) Which of the world’s
terrestrial ecoregions represent ‘‘win–win’’ locations for biodi-
versity and ecosystem services (given current data on both) and
which represent trade-offs? and (iv) Do these global patterns
hold at within-ecoregion scales, where conservation investments
are typically made?

Results
Ecosystem Service Maps. We found only four ecosystem services
for which we could develop spatial proxies (maximum resolution
0.5°) to represent their global geographic distribution (Table 1).
Clearly, these four represent only a small subset of all important
ecosystem services, but we were unable to locate global data for
any others (we did not consider marine services, despite their
economic and nutritional importance). Below we define each
service, describe the proxies we developed to map them, com-
pare these proxies with the ideal elements in Table 1, and
highlight the major limitations of each proxy. See Materials and
Methods for more details on proxy development.

Carbon sequestration is the net annual rate of atmospheric
carbon added to existing biomass carbon pools, helping to slow
global climate change. Our proxy for the spatial distribution of
carbon sequestration across the globe was net carbon exchange
(NCE) produced in simulations using the Terrestrial Ecosystem
Model (TEM) (31, 32) [supporting information (SI) Fig. S1 A].
Because this service is, in principle, enjoyed everywhere, irre-
spective of its point of production, spatially explicit models of
service flows (Table 1, row 2) to beneficiaries (Table 1, row 3)
are unnecessary. However, mapping the actual benefits of carbon
sequestration would require additional spatial data on (i) the
probability that a given parcel of land of a given biome is
converted from its current state and (ii) the differences in rates
of carbon sequestration between previous and new states (Table
1, rows 5 and 6). The main limitation of our proxy is that it is
model-based, not observational, and therefore depends heavily
on the assumptions, input variables, and time scales that defined
the particular TEM simulation we used (simulation S3 in ref. 31).

Carbon storage is the amount of carbon stored in vegetation
(both aboveground and belowground) and, therefore, an
avoided flow of carbon into the atmosphere. Our proxy for
carbon storage (Fig. S1B) was Olson’s classic estimates of above-

and belowground carbon stored in various biomes, updated using
the Global Land Cover 2000 (GLC2000) land cover map (33)
(Table 1, row 1). Because carbon storage avoids the prospect of
further exacerbating global climate change, its remaining ele-
ments in Table 1 are identical to those for carbon sequestration.
The main limitations of this proxy measure are that it is based
on data that were originally published more than 20 years ago
and that the original measures only coincide with 18 biome types
that are mapped globally and assigned a single carbon value.
Nevertheless, this is still the only globally consistent dataset
based on observations of carbon in vegetation biomass (N.
Ramankutty, personal communication).

Grassland production of livestock is the annual production of
livestock derived, at least in part, from grazing on unimproved
natural grasslands (Fig. S1C). We mapped livestock production
on natural grasslands by combining global data on livestock
distributions (34), producer prices, and current and potential
vegetation (35, 36) (Table 1, row 1). Because the economic
benefits from livestock on grasslands are realized primarily at the
point of production (Table 1, row 3), there is essentially no
further flow before the service reaches its primary beneficiaries
(Table 1, row 2). Limitations of these data include problems
associated with mapping of pastures from remotely sensed
imagery (e.g., it is difficult to determine from remote sensing
whether grasslands have been ‘‘improved’’ by the introduction of
nonnative species) and the lack of spatially explicit weightings
that would reflect differences in the economic value of livestock
species in different regions of the world.

Water provision is water used for irrigation, industry, domestic
consumption, and livestock production. Our map of water
provision (Fig. S1D) was based on the global hydrological model
WaterGAP (37), which provides spatially explicit estimates of
water availability and water use for various economic sectors
(Table 1, row 3). We attributed the flows of this water upstream
from their points of use to their points of production (Table 1,
rows 1 and 2) by dividing the world into drainage basins (38) and
distributing the total volume of water used in a basin among all
basin grid cells in proportion to a cell’s runoff level. The main
limitations of our proxy are that it ignores both spatial variation
in water value (depending on scarcity and type of use) and,
crucially, changes in water provision resulting from land use
change (Table 1, rows 4 and 5). Hydrological responses to
changes in vegetation are complex and controversial (39); our
global surface, therefore, shows only where any such changes
would impact the most water as currently provided.

Table 1. Elements required for mapping and valuation of ecosystem services in a spatial context

Element

Ecosystem service

Carbon
sequestration Carbon storage

Grassland production
of livestock Water provision

Rate of service production Process model Extrapolated
observations

Statistical model Production map attributed
upstream

Flow of service away from
production area

Global flow Global flow Approximately zero flow Process-based hydrological
model

Presence of beneficiaries Global flow Global flow Restricted to livestock
areas

Initially mapped at point
of use

Economic value per unit
service

Globally uniform Globally uniform Local net value of pasture
to meat yield

Local net value of water to
human uses

Probability of system being
converted to another state

Fine-scale conversion
probabilities

Fine-scale conversion
probabilities

Fine-scale conversion
probabilities

Fine-scale conversion
probabilities

Change in service value if
converted

Difference in service
value between
unconverted and
converted states

Difference in service
value between
unconverted and
converted states

Difference in service
value between
unconverted and
converted states

Difference in service value
between unconverted
and converted states

Entries in bold are those we were able to address for the four services examined here.
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Comparisons Between Ecosystem Services and Biodiversity. To assess
the spatial concordance among ecosystem services at the global
scale, we calculated mean per-unit-area ecosystem service pro-
duction for each ecoregion. Log-transformation of these aver-
ages, and subsequent Pearson correlation analyses, revealed
little correspondence among services; no pair of services had a
correlation coefficient �0.2 (Table 2).

Next, we tested how well areas selected to maximize biodi-
versity capture ecosystem services, and vice versa. We used
integer programming optimization methods (40) and ecoregion
distribution data for mammal, bird, reptile, and amphibian
species as our measures of biodiversity, conducting separate
analyses for each taxonomic group. We first maximized species
representation, determining the set of ecoregions that together
contained the most species for a given total area. We compared
the resulting species accumulation curves with the equivalent
curves derived by choosing ecoregions to maximize total eco-
system service provision. On average for all taxa, we found that
(for levels up to 90% of species representation) optimizing for
individual ecosystem services conserved only 22–35% as many
species for a given area as did optimizing for species, that is, no
more than were conserved by selecting ecoregions at random
(Fig. 1A).

We then conducted the converse analysis, selecting ecoregions
to maximize ecosystem service provision and comparing these
results with service levels captured while maximizing species. We
found that maximizing species representation for a given area
captured only 17–53% of maximum ecosystem service provision,
depending on which service was considered and at which area
limit the comparison was made. These levels of ecosystem
service capture from species optimization were, again, no
greater than those from a random selection of ecoregions
(Fig. 1B).

How effectively do existing priority areas conserve ecosystem
services? We asked this question for three contrasting global
biodiversity priority schemes (Fig. S2): biodiversity hotspots
(41), high-biodiversity wilderness areas (HBWAs) (42), and
Global 200 ecoregions (43). The relative performance of the
three prioritization schemes varied markedly across the four
ecosystem services (Fig. 2). For carbon storage and sequestra-
tion, HBWAs had the highest mean levels, whereas biodiversity
hotspots had the lowest levels. Hotspots were, in fact, net
emitters of carbon during the 1980s. In contrast, water provision
and grassland production of livestock were highest in biodiversity
hotspots and lowest in HBWAs (Fig. 2). For all four services,
Global 200 ecoregions offered intermediate levels of ecosystem
service provision that were near to global averages (Fig. 2).

As a simple illustration of how ecoregions might be prioritized
for both biodiversity and ecosystem services, we plotted ecore-
gions on axes that quantify their rank importance for both
attributes (Fig. 3). We defined biodiversity importance as the
number of endemic vertebrate species, adjusted for area. Com-
bining ecosystem services is difficult without valuations to weight
each service relative to others, so, for the purposes of this
analysis, we defined ecosystem service importance by using
carbon storage alone. We divided Fig. 3 into four quadrants,
based on median values for each variable. Despite a lack of
correlation between the two variables, many ecoregions lie in
quadrant 4, with importance for both biodiversity and ecosystem
services. These win–win ecoregions tend to be located in tropical
forested regions (Fig. S3), whereas ecoregions with low priority
for both carbon storage and biodiversity are mostly in desert or
tundra regions.

Finally, we used data from one specific ecoregion to examine
whether global patterns hold at the smaller scales where con-
servation decisions are typically made. Chan et al. (26) divided

Table 2. Correlations among log-transformed, per-unit-area ecosystem service production
levels (n � 574 ecoregions; Pearson correlation coefficients)

Carbon
storage

Carbon
sequestration

Grassland
production

Water
provision

Carbon storage 1 — — —
Carbon sequestration 0.17 1 — —
Grassland production �0.19 �0.02 1 —
Water provision 0.002 �0.07 0.20 1

Fig. 1. Percentage accumulation of species (A) and ecosystem services (B) as total area selected for conservation increases. Circles represent optimizations of
species representation (mean results from separate optimizations of birds, mammals, reptiles, and amphibians; error bars � 1 SD). Triangles represent
optimizations of ecosystem services (mean results from separate optimizations of each of the four ecosystem services we considered). Shaded areas indicate 95%
confidence limits from 500 sets of ecoregions selected at random. Dashed vertical lines indicate area at which all vertebrate species are represented.
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the California Central Coast ecoregion of the United States into
�12,000 hexagonal planning units and assessed levels of biodi-
versity and ecosystem services in each. This ecoregion occupies
quadrant 4 in Fig. 3, identifying it as a global win–win for
conserving biodiversity and stored carbon. However, mapping
the quadrant scores of individual hexagons within the ecoregion
indicates an abundance of both win–win and trade-off locations
(Fig. S4, and see figure 2 in ref. 25 for similar results from more
sophisticated analyses).

Discussion
The analyses presented here are clearly preliminary and are
intended primarily for heuristic purposes. However, they do
suggest some early lessons and important research priorities.

One of our most striking findings is simply how few ecosystem
services we were able to include in our analyses. This suggests
that major new interdisciplinary efforts will be required in order
to quantify and map even a fraction of the most important
ecosystem services—and to assess their coincidence with biodi-
versity—at global scales.

Learning what we could from the available data, we found that
conservation priorities aimed solely at biodiversity do not con-
serve optimal levels of the ecosystem services we examined, and
vice versa. This can be seen by using both theoretical planning
algorithms (Fig. 1) and actual portfolios for biodiversity conser-
vation (Fig. 2). More complete analyses, including additional
ecosystem services and other aspects of biodiversity, may show
better concordance. Nevertheless, our findings emphasize that
such concordance cannot be assumed and needs to be tested
empirically.

The pattern of service capture among global conservation
priority schemes (Fig. 2) reflects the distribution of service
beneficiaries within these regions. The benefits of carbon storage
and sequestration are globally dispersed and do not depend on
local beneficiaries. Accordingly, these services were highest in
the low-human-density HBWAs. On the other hand, water
provision and grassland production of livestock, which benefit
people closer to the point of service production, were highest in
the densely populated biodiversity hotspots. The intermediate
levels of service provision for Global 200 ecoregions reflect that
these regions include both wilderness areas and areas of dense
human settlement.

Despite the overall lack of spatial concordance between
biodiversity and ecosystem services (Table 2), we were still able
to identify win–win areas: ecoregions important for both types
of targets (Fig. 3, quadrant 4). In these places, PES are more
likely than elsewhere to achieve biodiversity conservation ob-
jectives. Perhaps more importantly, Fig. 3 also identifies areas of
trade-off, where biodiversity conservation is crucial but is less
likely to be supported by PES (quadrant 3) or where PES will
likely have lesser impact on global conservation (quadrant 1).
Mapping out all four quadrants (Fig. S3) illustrates that priorities
for both ecosystem services and biodiversity can be located to
guide conservation investment.

Although global analysis can inform broad-scale priorities, it
is clear that actual conservation investments typically occur at
more local scales. We found that, although a California ecore-
gion falls within quadrant 4 in our global analysis (Fig. 3), less
than one-quarter of the planning units within it represent
win–wins at more local scales (Fig. S4). Hence, even win–win
ecoregions can contain areas that represent trade-offs between
conservation and ecosystem services. By extension, ecoregions
in quadrants 1–3 (Fig. 3) will almost certainly contain local
win–win opportunities, especially when services that operate
over relatively small scales (e.g., pollination by wild insects) are
considered. Although finer scale analyses will be essential for
targeting specific conservation action, global analyses remain
useful for identifying broad areas where taking such actions is
most likely to benefit people.

Data availability severely limited our analyses. For the four
ecosystem services we assessed, we were only able to assemble
data on the first three elements that are needed for a compre-
hensive assessment (Table 1, rows 1–3). Relatively speaking,
mapping of the biophysical production (row 1) and flows of
ecosystem services has perhaps seen the most progress, but, as
we have indicated, much remains to be done (44, 45). Identifying
ecosystem service beneficiaries requires knowing who they are
and where they live. Sociologists, anthropologists, and political
scientists need to identify how social structure, cultural elements,
and governance affect who benefits from ecosystem services and
by how much (46). On the economics side (Table 1, row 4), no
spatial data were available on economic values, preventing us
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from ‘‘monetizing’’ our maps. Although there is a rich literature
on economic valuation of the environment, research on how
values vary spatially has only recently begun to emerge (24).
Beyond economic valuation, quantifying the net benefits of
ecosystem conservation also requires spatially explicit data on
the probabilities of conversion to other land use types (Table 1,
row 5), coupled with information on likely rates of service
provision after conversion (Table 1, row 6). Different manage-
ment regimes within the same land use type can also alter
levels of service provision (47) and so are another important
consideration.

These data limitations likely affect our comparative results in
several ways. For example, natural pastures are difficult to
distinguish from human-cleared areas by using remote sensing;
therefore, we may have overestimated livestock production from
natural pastures in the biodiversity hotspots, with their prepon-
derance of cleared lands (Fig. 2). More generally, the particular
services and species we considered may have led us to overes-
timate how poorly priority areas for species conservation deliver
services, and vice versa. Two of our four services (carbon storage
and sequestration) peak in tropical and temperate forests and
are, therefore, biased away from ecoregions with high vertebrate
endemism, which are often island or montane areas (41).
Similarly, given our endemics-based biodiversity measure, our
species data were limited to taxa with relatively large ranges,
reducing the importance of broad areas of tropical forests. Both
of these data biases act to drive the curves in Fig. 1 further apart,
thus underestimating the degree to which planning for ecosystem
services would capture biodiversity, and vice versa. For these
reasons, we reiterate that our analyses are only a first-cut attempt
to illustrate the types of questions that could be asked, and
approaches that could be used, once more comprehensive data
on ecosystem services are available.

Despite the challenges discussed here, comparisons between
biodiversity and ecosystem services have the potential to inform
decision-making. To realize this potential, we need to learn how
to rigorously quantify and map more elements of more services.
Such an improved understanding would allow us to operation-
alize a principle that is becoming increasingly clear: that human
welfare is linked in diverse ways to biodiversity conservation and
that sustainable development should involve managing for both.

Materials and Methods
Carbon Sequestration. We used NCE results from the TEM model (32) as a proxy
for carbon sequestration. TEM is a terrestrial biosphere model that simulates
carbon exchange between the atmosphere and terrestrial biosphere on the
basis of vegetation types, soils, climate, atmospheric CO2, and land use history.
We used results from the S3 simulation of TEM (31), in which atmospheric CO2

concentrations, cropland expansion, and climatic conditions were all varied
simultaneously. The model was run to equilibrium to 1880 and then run
transiently through 1992. In ref. 31, annual NCE was calculated as heterotro-
phic respiration minus the sum of net primary productivity, carbon emissions
from the conversion of natural vegetation to cropland, and carbon emissions
from the decay of forest and agricultural products (units � tC ha�1 yr�1). Note
that for our analyses, we multiplied NCE from ref. 31 by �1, meaning that
positive numbers indicate a net sequestration of carbon from the atmosphere
to the biosphere, whereas negative numbers indicate a net release of carbon
from the biosphere to the atmosphere. We used average NCE for the 1980s
(the most recent decade for which simulation data were available) to most

closely approximate current carbon fluxes while also accounting for interan-
nual variability.

Carbon Storage. Olson (33) originally estimated biome-level carbon values in
preagricultural live vegetation through extensive field observations, inven-
tories, and analyses of literature values. The updated dataset we used (33)
mapped carbon values from Olson’s original biome types to land cover types
of the GLC2000, hence providing an estimate of carbon stored in vegetation
circa the year 2000. Although the dataset enjoys widespread use in carbon
cycling research, its major deficiency is that whole biomes are assigned a single
carbon value, neglecting major within-biome variability due to heterogeneity
in climate, land use, soils, and topography.

Grassland Production of Livestock. To map livestock production on natural
pastures, we used recently developed 5�-resolution global maps of livestock
distributions (34). These maps use regression-based methods to estimate the
expected density of cattle, sheep, goats, pigs, poultry, and buffalo across the
earth’s surface. For each livestock type, we used these density estimates and
data on the mass of edible meat per animal (estimated by country from United
Nations Food and Agriculture Organization data) to estimate the tons of meat
produced in each cell. A global producer price was used to weight different
livestock types; using these weights, an aggregate index of livestock produc-
tion was obtained by summing the weighted livestock meat weights. We then
constructed a global map of natural pastures by combining a 5�-resolution
potential vegetation dataset of savanna, grassland/steppe, and shrubland
biome types (35) and then masking out all known human-altered landscapes
by using the GLC2000 (36). We intersected the livestock production index and
the map of natural pastures to produce a global map of livestock production
on natural pastures, which, unlike for the other services we consider, restricts
the production domain to wild nature. We aggregated the map of livestock
production from 5� to 0.5° spatial resolution for consistency with the other
ecosystem service datasets evaluated here.

Water Provision. We used a global hydrological model to map water provision
for human consumptive use. The WaterGAP 2 model provides data at 0.5°
spatial resolution on annual water availability (surface runoff and total dis-
charge) and consumptive water use per sector (e.g., industrial, domestic,
irrigation, and livestock), averaged over a 30-year period (1961–1990) (37). We
summed consumptive water use across the four sectors to produce a spatially
explicit map of total water use in biophysical units (cubic kilometers per year).
We then attributed the volume of water consumption back to its points of
origin by using a basin-level perspective of water production. Drainage basins
for the globe were identified from a 0.5° global drainage direction map
(DDM30) (38). We calculated the proportional contribution of each cell to the
total water production of the basin in which it resides, calculated the amount
of total water consumption for that basin, and then redistributed the total
consumption according to the proportion of basin-wide water production at
each grid cell. By redistributing the volume of water consumption in this
manner, we arrived at a coarse estimate of total water use attributed to point
of origin.

Additional Materials and Methods. For further details on the methods and
materials used in this study, see SI Materials and Methods.

ACKNOWLEDGMENTS. We thank Sam Buttrey, Dick Cameron, Karen Carney,
Annie Claus, Jeff Hicke, Paul Jeferiss, Shuang Liu, Paul Morling, Nasser Olwero,
Chris Potter, Navin Ramankutty, Ana Rodrigues, Rebecca Shaw, and Nikolai
Sindorf for critical comments and/or help with analyses that improved the
manuscript. This work was initiated at the ‘‘Valuing Wild Nature’’ workshop
held at the University of East Anglia, March 12–16, 2006, sponsored by The
Royal Society for the Protection of Birds; the Department for Environment,
Food and Rural Affairs; and Natural England. Finally, we thank the Lever-
hulme Trust and the Packard Foundation for supporting this work and ongo-
ing follow-ups.

1. Brooks TM, et al. (2006) Global biodiversity conservation priorities. Science 313:58–61.
2. Sachs JD, Reid WV (2006) Environment: Investments toward sustainable development.

Science 312:1002.
3. Wunder S (2007) The efficiency of payments for environmental services in tropical

conservation. Conserv Biol 21:48–58.
4. Daily GC (1997) Nature’s Services: Societal Dependence on Natural Ecosystems (Island

Press, Washington, DC).
5. Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-Being: Synthe-

sis (Island Press, Washington, DC).
6. Balmford A, et al. (2002) Economic reasons for conserving wild nature. Science

297:950–953.

7. Odling-Smee L (2005) Dollars and sense. Nature 437:614–616.
8. Russ GR, Alcala AC, Maypa AP, Calumpong HP, White AT (2004) Marine reserve benefits

local fisheries. Ecol Appl 14:597–606.
9. Ricketts TH, Daily GC, Ehrlich PR, Michener CD (2004) Economic value of tropical forest

to coffee production. Proc Natl Acad Sci USA 101:12579–12582.
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Payments for ecosystem services (PES) policies compensate in-
dividuals or communities for undertaking actions that increase
the provision of ecosystem services such as water purification,
flood mitigation, or carbon sequestration. PES schemes rely on
incentives to induce behavioral change and can thus be consid-
ered part of the broader class of incentive- or market-based
mechanisms for environmental policy. By recognizing that PES
programs are incentive-based, policymakers can draw on in-
sights from the substantial body of accumulated knowledge
about this class of instruments. In particular, this article offers a
set of lessons about how the environmental, socioeconomic,
political, and dynamic context of a PES policy is likely to interact
with policy design to produce policy outcomes, including envi-
ronmental effectiveness, cost-effectiveness, and poverty
alleviation.

environmental policy � incentive payments � market-based instruments

Ecosystem services are the benefits that people derive from
ecosystems, including both commodities and regulating, sup-

porting, and cultural services (1, 2).b The type, quality, and quantity
of services provided by an ecosystem are affected by the resource
use decisions of individuals and communities. When the benefits of
an ecosystem service accrue mainly to those who make manage-
ment decisions, as in the production of crops or livestock, private
markets are likely to work relatively well in inducing service
provision. However, when the benefits of an ecosystem service flow
primarily to others, such as with water purification or climate
stabilization, public interests and the interests of the resource
manager may be misaligned. This difference in private and social
benefits, or the problem of ‘‘externalities,’’ results in a classic market
failure: individuals will tend to provide too little of the ecosystem
service. This basic logic may explain much of the decline of
important ecosystem services as a result of human pressures (2, 4).

Potential policy solutions to externalities problems include
public provision of goods and services, private contracts between
the provider and the recipients, encouragement of voluntary
efforts by firms and individuals, direct government regulation,
and hybrid mechanisms such as government-supported trading
markets (see Fig. 1). Many government interventions to control
externalities have taken the form of command-and-control
regulation, which mandates that actors undertake specific ac-
tions and applies sanctions if they do not comply. In contrast,
incentive-based policies address externalities by altering the
economic incentives private actors face, while allowing those
actors to decide whether and how much to change their behavior.
Most incentive-based mechanisms have been initiated through
public policies, although privately negotiated incentive-based
solutions are possible. Incentive-based mechanisms include
charges (such as taxes, user fees, and deposit–refund systems),
subsidies, tradable permits (including markets for pollution
reduction and tradable development rights), and market friction
reduction (e.g., liability rules and information programs) (5, 6).c

Recently, ‘‘payments for ecosystem services’’ (PES) has
emerged as a policy solution for realigning the private and social
benefits that result from decisions related to the environment.
The PES approach is based on a theoretically straightforward
proposition: pay individuals or communities to undertake ac-
tions that increase levels of desired ecosystem services. A formal
definition has been given by Sven Wunder (7): ‘‘A PES scheme,
simply stated, is a voluntary, conditional agreement between at
least one ‘seller’ and one ‘buyer’ over a well defined environ-
mental service—or a land use presumed to produce that ser-
vice.’’d In the last decade or so, hundreds of new PES initiatives
have emerged around the globe.e Costa Rica, Mexico, and China
all have initiated large-scale programs that give direct payments
to landowners for undertaking specific land use practices that
could increase the provision of hydrological services, biodiver-
sity conservation, erosion prevention, carbon sequestration, or
scenic beauty (10–12). Some PES policies were initiated before
the term ‘‘payments for ecosystem services’’ came into common
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Fig. 1. Locating PES as an incentive-based mechanism within a broader suite
of environmental policy instruments.
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usage and yet are based on the same theory. For example, the
U.S. Conservation Reserve Program, run by the U.S. Depart-
ment of Agriculture, has paid farmers to plant permanent
vegetation on environmentally sensitive cropland since the mid-
1980s (13).

PES schemes are similar in structure to other incentive-based
policies for achieving environmental goals, as highlighted in Fig. 1.
Therefore, the accumulated experience with, and research on,
incentive-based mechanisms provides relevant insights for both
academics and practitioners interested in payment schemes for
ecosystem services. In this article, we draw on the literature on
incentive-based mechanisms for environmental policy to suggest
lessons on how the socioeconomic, environmental, and political
context in which policies are implemented, together with policy
design, influences the outcomes of PES schemes.

Situating Policy Design in Context
As illustrated in Fig. 2, the framework underlying the lessons
presented here is based on the assumption that context interacts
with policy design and that together these determine policy
outcomes. We address four aspects of context: the environmen-
tal context, the socioeconomic context, the political context, and
context dynamics. The policy outcomes we emphasize are envi-
ronmental effectiveness, cost-effectiveness, and equity. To be
environmentally effective, a project must deliver a set level of
environmental benefits, as defined by physical measurements.
To be cost-effective, a policy must achieve the same level of
environmental benefits at a lower cost than other possible
policies.f The costs of a PES scheme, from a social perspective,
include not only direct implementation costs, but also the
transaction costs of the program and the costs of forgone
alternative productive uses of the resource, often referred to as
‘‘opportunity costs.’’ Transaction costs include the expense of
negotiating contracts, performing scientific baseline studies, and
monitoring and enforcement. Finally, although many possible
aspects of equity are important, we focus on poverty alleviation
because it is most frequently discussed in the emerging PES
literature (8, 14, 15). We include equity as a relevant policy
outcome, even though there are many cases of PES policies,
particularly in developed countries, where it is not an explicit
goal of the program.

Given these potential goals for PES policies, the likelihood that
all three are achieved will depend on the design characteristics of
a PES scheme and the context in which it is implemented. Varia-
tions in the structure of PES schemes include the form of the
incentive or payment, which services are provided, who the pro-
viders are, who the implementers and intermediaries are, whether
incentives are given to individuals or communities, the eligibility
rules for participation, and how the payments are funded. For

example, payments might be offered as a lump sum for actions such
as planting a buffer strip; as a set rate for a scaleable action, such
as number of trees planted; through an allocation mechanism
such as a reverse auctiong; or indirectly, through a system of
differential use taxes such that tax rates are lower for landholders
who engage in desired land uses. PES policies may be funded by
taxes, by nongovernmental organization (NGO) funding acquired
from voluntary contributions, by direct fees on service consumers,
or through other mechanisms. Some PES schemes take the form of
tradable permit systems, such as wetland mitigation banking or
tradable development rights; some are subsidies; and others, such
as ecolabeling, work to reduce market friction by providing infor-
mation about the origin of products. Despite this variation, PES
policies share a common element: as with other incentive-based
approaches, PES policies work by changing incentives rather than
by making explicit rules or directives.

In the sections that follow, we present lessons for PES policy
design based on previous experience with, and research on,
incentive-based approaches, grouping the lessons by their relation-
ship to the environmental, socioeconomic, or political context of
implementation. We also discuss how changes in context over time
can affect PES performance.

Environmental Context
Previous experience with incentive-based mechanisms has dem-

onstrated that the properties of the ecosystem and/or pollutant
under consideration—the environmental context—influence how a
policy should be designed and what type of outcomes should be
expected (16, 17). Similarly, the properties of the ecosystem ser-
vice(s) being targeted in a PES scheme will interact with policy
design to influence policy outcomes. Two lessons stand out based
on previous experience with incentive-based mechanisms.

When the Marginal Benefits from Service Provision Are Not Constant,
More Complex Incentive Schemes Are Needed to Achieve Environ-
mental Effectiveness. In theory, incentive-based mechanisms can
deliver the same environmental benefits as direct regulation. How-
ever, experience with pollution control mechanisms has demon-
strated that the design of environmentally effective policies is more
straightforward when marginal environmental benefits are constant
across abatement sources. When marginal benefits are constant, the
first ton of pollution abatement provides the same benefit as the
100th ton of abatement, and this is the case regardless of the source
or location of the abatement. Constant marginal benefits simplify
the design of a policy because expected environmental benefits do
not depend on initial conditions or on which of the agents reduces
pollution. Thus, a per-unit tax or simple trading scheme can be used
to predictably reach a given environmental target.

For many environmental problems, however, the marginal en-
vironmental benefits from an additional unit of abatement are not
constant. Instead, they depend on source, location, and initial
conditions. For example, toxic chemicals generally create health
effects that increase at an increasing rate with the amount of
exposure. When marginal environmental benefits are significantly
different across sources, more complex incentive-based systems
such as ambient permits, differential taxes, or trading zones are
needed to explicitly differentiate between polluters on the basis of
location or other characteristics (5, 17).

Similarly, for PES policies, if the marginal environmental benefits
of a particular ecosystem service are not constant, simple PES
schemes that do not account for how benefits change with different
configurations of participants may not be environmentally effective.
Many examples of nonconstant marginal benefits and threshold
effects are found in ecological systems, including lakes, coral reefs,

fThe criterion of cost-effectiveness takes as given a particular environmental goal (e.g., a
level of benefits) and judges policies only on their cost side—by how cheaply a policy
reaches that goal. Economic efficiency, on the other hand, compares benefits with costs
and judges a policy by the net benefits, or total benefits minus total costs.

gIn a reverse auction, landholders submit bids indicating how much compensation they
require to undertake particular actions.
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Fig. 2. Context interacts with PES policy design to determine outcomes.
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oceans, forests, and arid lands (18, 19). For example, the preser-
vation of the habitat of a large predator might require a minimum
area of land for species viability; below this level, preservation offers
no protection benefits for that species. If a PES scheme simply
compensates for individual land use changes without considering
these irregularities, it may not achieve its environmental objective.
Several PES schemes have been developed (e.g., refs. 20 and 21)
that take into account nonconstant marginal benefits, to avoid this
problem. However, it is important to remember that increased
complexity in design is likely to increase costs.

Assessments of the Final Ecosystem Services Depend on the Certainty
of the Relationship Between Proxies and Environmental Benefits.
Measuring the environmental effects of a policy can sometimes be
impossible or prohibitively expensive. Thus, incentive-based poli-
cies frequently tie the incentives to a proxy for environmental
benefits that is easy to measure and that relates to the level of
benefits provided. Many air emissions estimates are based on
models of material inputs and production processes, for example,
rather than on emissions measured in real time at the firm
level (22).

Similarly, most PES schemes rely on observable proxies, such as
actions or outcomes (e.g., the presence of buffer strips or the
amount of forest cover), because direct monitoring of ecosystem
service outputs is difficult or costly. Devising appropriate proxies
requires an understanding of how activities, such as planting trees,
relate to ecosystem functions such as carbon storage and, ultimately,
to ecosystem services such as climate stabilization. Depending on
the type of ecosystem service, proxies may be relatively easy or
difficult to use. The long-run viability of PES schemes may depend,
in part, on advances in techniques for estimating ecosystem services
from easily observable ecosystem properties.

Socioeconomic Context
The socioeconomic context—the distribution of resources, the

price of goods and services, and other features of the economy and
social system in which a policy occurs—can alter the impacts of a
policy. Three lessons are given below.

The Greater the Heterogeneity in Costs, the Greater the Potential for
a PES Scheme To Be Cost-Effective Compared with a Command-and-
Control Approach. The great promise of incentive-based instru-
ments for attaining environmental policy goals, such as pol-
lution control, is their potential to be cost-effective compared
with command-and-control solutions, by inducing an alloca-
tion of production or abatement that results in the least total
cost. If, for example, pollution abatement costs vary, the lowest
cost solution allocates emission reductions so that the marginal
costs are equal across all producers. Any other allocation
would require that some of the burden be shifted to a producer
with higher control costs. Greater heterogeneity among pro-
ducers in terms of costs of abatement will generate higher
savings compared with a command-and-control approach that
requires uniform abatement across producers or an approach
that does not allow f lexibility based on cost of control (23).

PES schemes also have the potential to achieve a more
cost-effective provision of ecosystem services relative to a
mandatory approach that requires the same actions from all
landowners. By offering a set payment for service provision,
individuals who can produce the ecosystem service at or below
that price have an incentive to enroll in the program, whereas
those providers who have a higher opportunity cost of enroll-
ing do not. A reverse auction for PES contracts can also induce
the cost-effective allocation of service provision. Society as a
whole gains the same amount of ecosystem services for less
cost. However, whether a cost-effective allocation represents
significant cost savings compared with a uniform requirement
from all landholders depends on the heterogeneity of provider

costs. Likely sources of individual heterogeneity in the costs of
providing ecosystem services include differences in the op-
portunity costs of land use stemming from biophysical features
of the land and its location, as well as individual characteristics
of the landholders, such as education, risk aversion, and plot
size. The cost-effectiveness of PES policies, compared with a
uniform set of regulations, will tend to be higher where there
is high variation in marginal provision costs across the
population (24).

When the Poorest Providers Are also Those with the Lowest Oppor-
tunity Costs and the Highest Service Provision Potential, PES Policies
Are Most Likely to Help Alleviate Poverty. Incentive-based mecha-
nisms target the providers who have lower opportunity costs.
Therefore, the potential for poverty alleviation as a coupled policy
goal depends, in part, on the coincidence between opportunity cost
and poverty. For instance, poorer farmers may tend to own
marginal lands with higher slope and lower soil quality, in which
case the opportunity cost of leaving the land in natural vegetation
to increase ecosystem service provision may be lower. In this case,
PES schemes have the potential to simultaneously direct payments
toward the poor and toward the lowest cost providers of desired
ecosystem services. In addition, how the income of landowners
varies with production of environmental benefits is relevant to
whether PES policies will be able to improve equity (15). When land
that produces a high level of services is held by poor members of
society, then a PES approach may contribute to poverty reduction
by paying these landholders for the services they provide (25).
However, PES schemes are likely to make a true improvement in
poverty outcomes only if they pay landowners an amount substan-
tially higher than they otherwise could have earned with the land.h
This implies a likely tradeoff between the cost-effectiveness of the
program and poverty alleviation.i

When Resources Are Owned by Many Small-Holders, Transaction Costs
Will Possibly Be Higher, Implying a Tradeoff Between Cost-Effective-
ness and Poverty Alleviation. To accurately assess the costs of a
policy, transaction costs must be considered. In particular, imple-
mentation, monitoring, and enforcement costs can be high under
incentive-based approaches if contracts or requirements are tai-
lored to individual users. All else being equal, contracting and
monitoring are cheaper when the number of agents is small. The
literature on incentive-based mechanisms frequently distinguishes
between point-source emissions, which involve identifiable sources
with fixed locations, and area or nonpoint sources, which are
diffuse, mobile, or hard to identify. Monitoring and enforcement
for point sources is usually much cheaper. PES schemes are often
focused on nonpoint sources or on many individual landowners
whose collective activities alter the levels of a given ecosystem
service. This feature will increase policy costs. It is possible,
however, that working with a third-party intermediary such as an
NGO or a community could reduce the costs of working with a
large number of providers (27).

Political Context
Decades of experience with incentive-based instruments have

illustrated that the political influence of ‘‘winners’’ and ‘‘losers’’
from incentive-based policies will shape design and implementation
(28–30). Similarly, some types of PES policies may be more
politically feasible than others, ultimately influencing the range of

hIf poor landholders are more risk-averse, then they may demand greater compensation to
switch to unfamiliar land uses. On the other hand, the payments under a PES program may
be relatively certain compared with other income.

iAt least one study has found that PES payments constitute only a small fraction of
landowners’ income, suggesting minimal equity impacts (26).
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potential outcomes. Below, we highlight four lessons for PES
policies with respect to political context.

The Funding Available to ‘‘Buy’’ Services Depends not just on the
Latent Demand for Ecosystem Services, but also on the Structure of
the Funding Mechanism. The rationale for a PES approach is that the
recipients of the services have some measurable value or ‘‘willing-
ness to pay’’ for those services. However, converting that latent
demand into funding that reaches the suppliers of ecosystem
services is a central challenge of PES schemes.

When services are linked to an excludable good, such as (in some
cases) drinking water, beneficiaries buy the service directly through
the market. In other cases, where ecosystem services are nonex-
cludable, such as climate stabilization or biodiversity, there will
always be an incentive for the beneficiaries to not pay and to
‘‘free-ride,’’ or hope to free-ride, on the benefits provided by others.
This is a lesson stressed by economists: people are unlikely to pay
for something they can receive for free. It suggests that voluntary
approaches, such as donations to NGOs or the purchase of carbon
credits on the Chicago Climate Exchange, are unlikely to generate
funding close to the level at which the services are valued.

For ecosystem services that are public goods, then, compulsory
mechanisms for demand generation or government payments for
provision will be necessary to overcome free-riding. Transferable
development rights are one innovative way to pay for services (e.g.,
ref. 31). Under this approach, the developer pays to set aside land
in one location, and in exchange the government allows more
intensive development elsewhere. Governments can also tax ben-
eficiaries to raise money for PES policies, although who is targeted
by the tax will clearly have distributional and political economy
implications.

Although PES Schemes Can Be More Cost-Effective Overall, Their
Political Feasibility Depends on the Political Power of Those Who Bear
the Costs and Benefits. Despite the potential cost-effectiveness of
taxes and tradable permits for pollution control, the adoption of
incentive-based approaches has been slow. In the United States,
freely allocated tradable permits have been an exception, likely
because all stakeholders prefer this policy approach. The share of
the burden paid directly by industry is low; environmental groups
are more satisfied with the fixed cap on pollution provided by
tradable permits, as opposed to a tax; politicians benefit from the
fact that the allocation of permits can be arranged to satisfy
influential players; and permits create a barrier to market entry,
protecting existing firms (29).

Ecosystem service providers are likely to prefer a PES policy over
traditional regulation because a PES approach offers compensation
for environmental improvements, and participation is voluntary.
However, although a PES approach is likely to be favored by the
landholders eligible for payments, overall viability will be deter-
mined by the preferences and power of all relevant stakeholders,
including beneficiaries of the ecosystem service, policymakers,
financiers, community members, and program administrators. A
nongovernmental entity may have a better chance at implementing
a PES scheme because the funding comes from outside and relieves
local communities and taxpayers. Preferences for the policy may be
determined not just by economic interests, but also by broader
concerns. For example, some PES projects in Bolivia met with
opposition both from those who saw them as limiting future
economic development and from those who saw them as a privat-
ization of nature (8). Political considerations are also likely to
change the shape of policies during implementation. For example,
in Mexico’s Payments for Hydrological Services program (32),
funding targets were shifted away from key overexploited water-
sheds toward broader coverage, to more widely distribute program
benefits.

Existing Subsidies That Are a Product of the Political Process May
Interfere with Effective Incentives. PES policies may be undermined
by existing subsidy programs or tax regimes designed to encourage
resource use that is counter to the ecosystem service goals of the
policy. In Indonesia, for example, the Rewarding Upland Poor for
Environmental Services (RUPES) program is working to provide
incentives to farmers to maintain jungle rubber mixed agroforestry
systems. At the same time, the government provides subsidies to
farmers who clear land for conversion to rubber monoculture,
which depletes environmental services (56). In some cases, elimi-
nating an existing subsidy on an environmentally bad behavior
might be as environmentally effective as creating a new incentive-
based policy and might create fewer other distortions (33).

Nongovernmental Actors Will Be More Effective Where They Comple-
ment Government Institutions. Although PES polices will almost
certainly achieve better results in places with well functioning civil
institutions, PES schemes driven by non-state actors may be able to
partially compensate for weak state institutions. For instance,
NGOs can provide much of their own monitoring and enforcement
capacity. As another example, for suppliers to be willing to modify
their land use practices to engage in a PES initiative, they must
perceive security in their ability to receive compensation for the
modification. Where this security is not provided by state legal
institutions, it may be provided through informal institutions. PES
schemes may be able to take advantage of existing cooperative
agreements between local communities, as examples from Bolivia
suggest (34). Gaining trust through a participatory process may help
some PES schemes reduce long-term monitoring and enforcement
costs and promote equity outcomes (35, 36).

Context Dynamics
As environmental, socioeconomic, and political contexts change

over time, the signals created by incentive-based mechanisms will
also change. Possible future changes should be taken into account
when designing PES policies because these dynamic changes in
context can alter how a policy performs, determining whether it is
able to maintain a high degree of cost-effectiveness, environmental
effectiveness, and equity over time.j

By Changing Prices, Incentive-Based Policies May Unintentionally
Enhance the Profitability of an Environmentally Harmful Activity,
Undermining Environmental Effectiveness. Incentive-based mecha-
nisms work by changing relative prices, making environmentally
beneficial activities more profitable and environmentally harmful
activities more costly. However, the subsidy-like structure of many
PES schemes carries with it many of the problems characteristic of
subsidies (38, 39). The pollution control literature has demon-
strated theoretically that a subsidy that provides firms with incen-
tives not to pollute could also make it more profitable in the long
run for some firms to enter the industry or to stay in the industry
when they otherwise would not have (40). These firms produce
additional pollution, reducing the environmental effectiveness of
the subsidy.

Similarly, the additional environmental benefits provided by a
PES scheme may be compromised by new entry or other responses
to subsidies over time. Paying farmers to keep land in forest on some
plots might increase the profitability of farming, leading to the
clearing of additional plots (41, 42). Or, if landowners are credit-
constrained, receiving cash payments for good behavior on one
parcel of land may provide the income needed to begin an
environmentally harmful use on another. To the extent that PES
programs are small and do not change regional prices, or if there
is a fixed-factor of production, then this type of slippage or new

jOne approach to addressing the challenges presented by context dynamics has been
discussed in the literature on adaptive management (37).
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entry is less likely to occur (40). These secondary effects must be
taken into account when trying to measure the environmental
benefits gained as a result of PES policies.

Incentive-based mechanisms can also create the conditions for
‘‘ransom behavior’’: threats or undesirable actions aimed at lever-
aging additional compensation (43). If pollution reduction require-
ments for firms are assigned relative to a baseline, firms may
deliberately increase pollution emissions to manipulate baseline
emissions. Ransom behavior is also a major concern for PES
programs. The problem of ransom can be alleviated by basing
policies on a clear historical baseline or by basing incentives on
levels of activities rather than on changes. Providing incentives for
levels, however, may create tradeoffs between avoiding ransom
behavior and paying landholders for activities that might have
occurred in the absence of the program (44).

Incentive-Based Policies That Encourage Innovation Will Be More
Cost-Effective over Time. Incentive-based mechanisms have the
potential to provide an incentive for firms to look for and adopt new
technologies that will lower the cost of protecting the environment
in the long run. For instance, under a system of taxes or tradable
permits, an innovation that lowers the cost of abatement will
produce cost savings for the firm (45). Command-and-control
regulation, on the other hand, does not usually reward firms for
reducing emissions beyond the target and, therefore, fosters less
innovation (46, 47).k Existing literature demonstrates that innova-
tion and investment in new technology are most likely to occur when
rewards are tied to marginal improvements in environmental
impacts and when flexibility is allowed in techniques for reducing
pollution and in the timing of reductions, allowing firms to choose
from a wider set of possible abatement options. The extent to which
innovation occurs is also likely to depend on agents’ perceptions of
the longevity of the incentive instrument (16).

PES can also offer incentives to adopt or invent innovative
approaches to providing ecosystem services at lower cost. However,
because most PES policies base rewards on proxy actions rather
than on production of final ecosystem services, the incentive to
innovate may not be as direct. For example, the RUPES project in
Indonesia bases rewards to farmers on erosion-control activities on
coffee farms, not on sedimentation loads in nearby streams. This
type of system provides incentives to innovate over activities but
does not encourage innovative approaches for further reductions in
sediment loads. Allowing flexibility in methods by basing rewards
on reductions in sediment loads would encourage additional inno-
vation but would be more expensive to monitor and would force
landowners to bear the risk that a given activity might not actually
reduce sediment loading.

Allowing Multiple Ways to Comply with an Incentive-Based Approach
Will Increase Resilience to Price Changes That Affect the Production of
Environmental Quality. Just as flexibility in methods for achieving
environmental objectives can promote innovation, it can also allow
firms to adapt to changes in prices, usually of inputs or technologies,
which affect the cost of a particular method for pollution control
(5). Similarly, when PES policies offer many ways of achieving
service provision, participants will be more likely to withstand
changes in the relative prices of technologies. For instance, if many
different types of vegetation can be used for buffer strips, and there
is an increase in the price of one species, landowners can switch to
a cheaper alternative and continue to provide the service. By
allowing a variety of ways to provide the same ecosystem service,
either by increasing the range of allowable proxies or by directly
rewarding the ultimate service, participants are able to switch away
from more expensive approaches in the face of price increases.

Price Changes That Increase the Overall Costs of the Policy Will Have
Distributional Consequences and Could Compromise the Environmen-
tal Effectiveness of the Program. Prices could change in a way that
makes the costs of providing the environmental good more expen-
sive with any possible method; the ultimate effects of such a change
depend on the structure of the policy. In a system of pollution taxes,
an overall increase in the cost of abating pollution would lead to less
pollution control as more firms prefer to pay taxes rather than
abate. In China, pollution levies on industry have decreased in
effectiveness as the value of industrial output has increased, while
charges remain constant (51). In a system of tradable permits with
a fixed cap, when the cost of abatement goes up, the price of the
permits rises and firms bear a higher cost, but the total amount of
pollution control remains the same.

Changes in prices over time, particularly for agricultural goods,
can have similar effects on PES schemes. Increases in agricultural
output prices raise the opportunity cost of keeping land in natural
vegetation. Both the budgetary costs (to the organization) and the
true costs (the opportunity cost) may increase beyond original
expectations. The distributional and environmental effects depend
on how the PES program is structured: if landowners are locked
into long-term contracts, then the environmental goal may be met,
but landowners will bear the increase in costs. If contracts are
short-term, then a budget increase may be necessary to sustain the
environmental effectiveness of the project. Private-sector pressures
on the land also represent a distinctive threat. If timber companies
or oil palm plantations offer to buy a village’s land, even the
best-designed PES scheme may be unable to compete with changes
in opportunity cost of this magnitude (52).

Conclusions
PES policies represent a growing trend in conservation policy. By
altering private incentives to induce desired outcomes, PES
schemes offer a direct, and possibly more equitable, method for
achieving environmental outcomes than other approaches. How-
ever, the context in which a PES initiative is implemented matters
greatly for effective policy design and the achievement of stated
goals. We have argued that insights into how context matters can be
carried over from the existing literature on incentive-based ap-
proaches to environmental policy and applied to PES policy design
and implementation.

The importance of context in achieving policy goals emphasizes
that no single policy is right for every scenario. Previous experience
with incentive-based approaches suggests it is unlikely a PES
approach will always be able to simultaneously improve livelihoods,
increase ecosystem services, and reduce costs. Potential tradeoffs
among these goals can be assessed reasonably well by considering
the correlation between characteristics of poor landholders and
their land, characteristics of the costs and benefits of providing
ecosystem services, and the political feasibility of various policy
options.

The lessons also suggest other areas in which additional research
is needed. Several PES projects that have been running in devel-
oping countries for some time are starting to offer provocative
findings about the use of PES mechanisms (53, 54). However, new
projects will only be able to learn from the successes and failures of
their predecessors if the manner in which outcomes relate to the
environmental, socioeconomic, and political contexts of the policy
are systematically documented and compared across a range of
cases.l With more long-run experience, rigorous program evalua-
tion will provide additional understanding of the effectiveness of
different policy designs over time (55), as well as information on
how PES schemes respond to exogenous shocks. Collaborations
between ecologists and economists can better specify the produc-

kOn pollution abatement and the inducement of technological change, see refs. 45 and 47.
On technological change related to agriculture and natural resources, see refs. 48–50.

lSeveral inventories of PES schemes are under way, including efforts by The Natural Capital
Project and the Organization of American States.
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tion function for ecosystem services. This information will improve
the design of input proxies and reduce the uncertainty surrounding
environmental effectiveness. More research is also needed on how
incentive-based mechanisms can account for potential tradeoffs
and synergies in the production of multiple ecosystem services.
Additional analysis of large-scale PES policies can help us to
understand the broader effects on the economy from scaling-up
PES schemes (12, 13).
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Research on ecosystem services has grown markedly in recent
years. However, few studies are embedded in a social process
designed to ensure effective management of ecosystem services.
Most research has focused only on biophysical and valuation
assessments of putative services. As a mission-oriented discipline,
ecosystem service research should be user-inspired and user-
useful, which will require that researchers respond to stakeholder
needs from the outset and collaborate with them in strategy
development and implementation. Here we provide a pragmatic
operational model for achieving the safeguarding of ecosystem
services. The model comprises three phases: assessment, planning,
and management. Outcomes of social, biophysical, and valuation
assessments are used to identify opportunities and constraints for
implementation. The latter then are transformed into user-friendly
products to identify, with stakeholders, strategic objectives for
implementation (the planning phase). The management phase
undertakes and coordinates actions that achieve the protection of
ecosystem services and ensure the flow of these services to
beneficiaries. This outcome is achieved via mainstreaming, or
incorporating the safeguarding of ecosystem services into the
policies and practices of sectors that deal with land- and water-use
planning. Management needs to be adaptive and should be insti-
tutionalized in a suite of learning organizations that are represen-
tative of the sectors that are concerned with decision-making and
planning. By following the phases of our operational model,
projects for safeguarding ecosystem services are likely to empower
stakeholders to implement effective on-the-ground management
that will achieve resilience of the corresponding social-ecological
systems.

adaptive management � land-use planning � social–ecological systems �
stakeholder engagement

There has been an impressive growth in research on ecosystem
services in recent years. However, few studies are embedded

in a social process designed to ensure effective on-the-ground
management of areas that deliver ecosystem services. It is
unlikely that the outcomes of technically sophisticated assess-
ments published in scientific journals will lead to implementa-
tion via a ‘‘trickle-down’’ effect (1–3). As a mission-oriented,
pragmatic discipline (4), ecosystem service research should be
geared for implementation, and scientists should assist this
process by responding to stakeholder needs from the outset and
by becoming involved in the messy process of collaborating with
and empowering stakeholders in strategy development and
implementation (1, 5–7). How to do this is the topic of this
article.

There are some excellent examples of research that have
resulted in the protection of ecosystem services (e.g., refs. 8–10).
But they are few and are cited repeatedly in the literature. Our
wish is that ecosystem service research does not become another
bandwagon driven by technological sophistication and charac-
terized by societal irrelevance. As a cornerstone of sustainability

science (11), ecosystem service research needs to be user-
inspired, user-useful, and user-friendly. Although research-for-
implementation models exist for integrated natural resource
management (7) and conservation planning (5), we know of no
article that spells out pragmatically and comprehensively the
process for achieving the safeguarding of ecosystem services on
the ground. Our article seeks to fill this gap.

To provide a real-world context, we have chosen to focus on
the internalization, or ‘‘mainstreaming’’ (12), of ecosystem ser-
vice concerns into the land-use (and water-use) planning sector.
Land-use planning is a normative discipline (4) in the sense that
it provides the legally entrenched norms and rules for making
decisions about how natural resources are to be used. In many
parts of the world, governments are institutionally obliged to
iteratively conduct participatory, spatially explicit, land-use plan-
ning aimed at integrating requirements for social, economic, and
environmental sustainability. Flaws notwithstanding (13), this
process provides a window of opportunity for mainstreaming
ecosystem services into the activities of organizations that are
empowered to make routine decisions about the use of land and
water resources (14, 15).

We restrict ourselves to ecosystem services—defined as the
end products of nature that benefit humans (16)—provided by
natural and semi-natural habitats (wild nature). Thus, we do not
consider agriculture or aquaculture ecosystems, acknowledging,
of course, that wild nature does provide services essential for the
success of these ecosystems. First, this article provides some
background on mainstreaming, a relative newcomer to the
biodiversity lexicon. The second and substantive part provides a
pragmatic, operational model for guiding the things we need to
do for implementing the safeguarding of ecosystem services. Our
account draws on our collective experience over the past decade
in user-inspired research and implementation in the nature
conservation and water sectors (e.g., refs. 14 and 17–20).

What Do We Mean by Mainstreaming?
In the context of natural resource management and conserva-
tion, the objective of mainstreaming is to internalize the goals for
safeguarding resources into economic sectors and development
models, policies, and programs, and therefore into all human
behavior (12). The concept is entrenched in several articles of the
Convention on Biological Diversity and is the explicit objective
of the Global Environmental Facility’s GEF-4 program, with its
particular emphasis on ecosystem services.

Author contributions: R.M.C. designed research; and R.M.C., B.E., A.T.K., P.J.O., B.R., M.R.,
D.J.R., A.W., and A.W.-R. wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.

†To whom correspondence should be addressed. E-mail: rmc@kingsley.co.za.

© 2008 by The National Academy of Sciences of the USA

www.pnas.org�cgi�doi�10.1073�pnas.0706559105 PNAS � July 15, 2008 � vol. 105 � no. 28 � 9483–9488

SU
ST

A
IN

A
BI

LI
TY

SC
IE

N
CE

SP
EC

IA
L

FE
A

TU
RE



Based on South African experience, there are four elements
of a framework for achieving: mainstreaming: (i) prerequisites,
elements without which mainstreaming cannot happen; (ii)
stimuli (or windows of opportunity), elements external and
internal to the sector that catalyze awareness of the need for
mainstreaming; (iii) mechanisms, the actual activities that seek
to effect mainstreaming; and (iv) outcomes, the measurable
indicators of mainstreaming effectiveness (20). The most fre-
quently cited prerequisites in these projects were democratic and
accountable governance, awareness and knowledge, and orga-
nizational and institutional capacity.

Mainstreaming is achieved primarily through behavior
change. In the context of this article, it requires that the
safeguarding of ecosystem services is institutionalized in land-
use planning policies and is reflected in the day-to-day activities
of this sector.

Operational Model
Here we discuss operational issues: the things that need to be
done to mainstream ecosystem services. Fig. 1 shows the three
phases of the model (assessment, planning, and management)
and their relationships to spatial scale, degree of stakeholder
engagement, and status of the social-ecological system—the
integrated and interactive relationships between humans and
ecosystem services (21, 22). Our operational model is based on
one devised by Knight et al. (5) for conservation planning. Any
project for safeguarding ecosystem services should strive to
arrive at the top right-hand corner in Fig. 1, where the adaptive
management of the social-ecological systems associated with the
defined suite of ecosystem services has been mainstreamed into
an appropriate land-use planning framework and governed by
learning organizations that are representative of, and supported
by, the full range of stakeholders in the study area (a learning
organization is one skilled at creating and acquiring knowledge
and modifying its behavior to reflect new insights) (23). Thus,
stakeholders are empowered to implement effective on-the-
ground management of ecosystem services, and social-ecological
systems are resilient (they can absorb shocks and surprises) (1,
22, 24). Getting there is a social process riddled with complexity,
contention, uncertainty, surprise, disappointment, and triumph.
It will take a long time—in many cases, decades—to achieve this
goal (25). Below we describe some elements of this pathway to
resilience by outlining the key actions associated with each of its
major phases: assessment, planning, and management.

Assessment Phase. The assessment is a structured process that
provides knowledge useful for policies, strategies, and manage-
ment but does not prescribe these (5, 14, 26). The assessment
seeks to answer questions inspired by the beneficiaries and
managers of ecosystem services; in our situation, it must provide
knowledge useful for mainstreaming ecosystem services into
local land-use planning. We identify three types of assessment:
social, biophysical, and valuation (Fig. 1).

A key requirement of the assessment phase is the establishment
of multidisciplinary and multisector teams (5, 27, 28). Although
teams engage in empirical research, their activities should be
coordinated by the goals defined for ecosystem services research,
which, in turn, are defined by the requirements of land-use plan-
ning, a normative discipline (4). This hierarchy of coordination
provides operational meaning to the notion of ecosystem service
research as a truly interdisciplinary activity (4).

Teams should include researchers from the natural and social
sciences and the humanities; scientists and managers from the
natural resource management (water, fisheries, agriculture, for-
estry, conservation, etc.) and human well being (health, social
development, safety and security, land-use planning, etc.) sec-
tors; and nongovernmental and other citizen-based organiza-
tions. In addition to data collected by using standard scientific
methods, assessment teams also should record tacit (or implicit)
and traditional knowledge because a great deal of useful infor-
mation is associated with these informal systems (29, 30).

Teamwork is both difficult and rewarding. It requires emo-
tionally intelligent leadership, which is rare. There may be
confusion and contention about values assigned to nature:
conservationists typically view nature as axiomatically ‘‘good,’’
whereas other stakeholders perceive the value of nature in a
relative sense (31). This kind of confusion needs to be managed
by effective leaders, as do power asymmetries and concealed
agendas. However, if properly managed, teamwork provides
excellent opportunities for rapid, collaborative learning based on
both explicit and tacit knowledge and for challenging or chang-
ing deeply entrenched world views or mental models (3, 30).
Social assessment. The social assessment should precede the bio-
physical one (Fig. 1), because it identifies the owners and
beneficiaries of ecological functions that actually deliver services
and, hence, require biophysical assessments. It also identifies
markets for ecosystem services and other incentives for their
safeguarding, as well as individual, institutional, and governance
barriers to implementation (32).

The social assessment should provide knowledge on the needs,
values, norms, and behaviors of individuals, institutions, and
organizations in the study area. In other words, it provides an
understanding of how an area works in socioeconomic terms and
why. Without the understanding of the social system provided by
the social assessment, implementation is likely to be poorly
targeted. Specific issues requiring research will vary with con-
text; however, knowledge of the spatial patterns of population
density, human needs (for example, subsistence, protection, and
identity), income distribution, current and future trends in land
use, land prices, infrastructure, the social capital of natural
resource management organizations, nature-related values, pref-
erences and ethics, and incentives for behavior change are likely
to emerge as important topics in most cases (26, 33–36). Wher-
ever feasible, data need to be captured spatially and matched to
the scale used in the biophysical assessment (37).

Social assessments take time and can be costly. Adequate
budgets should be secured (38, 39).
Biophysical assessment. Biophysical assessment provides knowl-
edge on the types and location of the biophysical features that
provide ecosystem services, the spatial and temporal f lows of
services in relation to beneficiaries, and the impacts of land and
water transformation on delivery (e.g., refs. 40–44). Heal (33)
makes the important point that it is the biophysical rather than
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the valuation assessment that provide the knowledge-based case
for safeguarding services. For example, a simple model that
predicts the reduction of water supply below the projected
demand as a consequence of unchecked devastation by humans
of a watershed (e.g., refs. 8 and 9) is likely to provide a more
compelling case to stakeholders for protecting the watershed
than dubious estimates of the reduction in the aggregated
monetary value of all of the watershed’s goods and services
(most of which have no market value).

Other than research on the links between biodiversity and
ecosystem services (45), very little research has been done on the
ecology of ecosystem services. Kremen (40) provides a useful
operational framework for studying ecological aspects of eco-
system services that we do not repeat here other than to
reiterate—as others have done (e.g., refs. 43 and 46)—the
importance of measuring the spatiotemporal scales over which
services operate.

Of the published biophysical assessments, most focus on
mapping services, their f lows, and the impacts of habitat trans-
formation on these flows (e.g., 41–44). A feature of many studies
is the identification and mapping of natural features that have no
direct beneficiaries or markets and in whose protection few
people have an obvious interest. Invariably, these studies are not
user-inspired and lack social assessments for identifying the suite
of services that fulfill social needs, both presently and potentially.
In short, without beneficiaries, there are no services.

An important component of the biophysical assessment is the
development of dynamic models of landscape change—the
spatially explicit depiction of alternative futures (38, 47). These
products allow stakeholders to envision the consequences of
particular policy frameworks regarding land and water use.
However, they need to be interpreted visually and depicted as
plausible scenarios that stakeholders comprehend. We return to
this very important point later on in this article.
Valuation assessment. Just as the study of the nature-related values
(beliefs) that people hold is contentious, so is the study of the
values they assign (in monetary or ranking terms) to nature (48).
There is a large and growing literature on the conceptual,
technical, and operational aspects of the economic valuation of
ecosystem services (e.g., refs. 49–51). We do not review typolo-
gies and techniques for economic valuation but rather focus on
several issues that are relevant for a socially engaged valuation
assessment.

The valuation assessment is located at the intersection of the
social and biophysical assessments (Fig. 1) and should be in-
formed by these (46). Most studies advocate, albeit with caution,
the monetary valuation of ecosystem services because ‘‘most
societies have an intuitive notion of economic value’’ (51) and it
provides ‘‘a metric than can be deployed across competing land
uses’’ (52). Monetary valuation can be particularly effective in
enabling informed tradeoffs in cost–benefit analyses, where the
focus is on assessing the marginal change in the provision of an
ecosystem service that has market value (e.g., amount of water
produced) relative to a competing land use that also is traded on
the market (e.g., real estate) (33, 52).

But the vast majority of services have no market price (33, 41,
46, 52). To paraphrase Simpson (49), prices are not to be
confused with values, and prices are not the only values that are
important. Nonmonetary units of value also can be used, for
example, cubic meters of clean water, jobs created, and lives
saved (27). Because money is the most commonly used inter-
changeable commodity, valuation in monetary terms may send
the message that a service is more easily replaced by human-
manufactured providers than it actually is (53).

Throughout the world, land-use decisions are seldom made on
the basis of the outcomes of economic valuation studies; they
usually are made by officials and politicians—many of whom are
poorly informed—or, in functional democracies, by variously

informed citizens. We recommend, where circumstances permit,
encouraging stakeholders to reach consensus on assigning sub-
jective values to ecosystem services. Such discourse-based ap-
proaches (54, 55) enable social influence and consensus to define
knowledge about the value of ecosystem services. As Starbuck
(3) states: ‘‘Acceptance by people is crucial, because knowledge
is what people say it is.’’
Identify opportunities and constraints for implementation. The conclud-
ing stage of the assessment phase is a structured process in which
all project participants identify opportunities and constraints for
implementing actions to safeguard ecosystem services. Because of
different value systems, research traditions, and mental models, this
process can be difficult (38, 39, 56); it requires excellent facilitation
and leadership. We cannot overstate the importance of this phase:
the outcomes provide the bridge between assessment and planning
by providing knowledge essential for identifying strategic imple-
mentation objectives (Fig. 1).

Identifying opportunities and constraints can be challenging
because of the complex outcomes of the three assessments.
There is a need to frame and depict in ways that harmonize with
stakeholders’ values, needs, and cognitive skills, the complexity
of outcomes characterized by situations of ‘‘numerous possible
futures underpinned by numerous possible solutions’’ (57). Most
stakeholders are likely to lack the cognitive capacity to compre-
hend and absorb the significance of models that depict dynamic,
long-term, continuous, and multiscale processes with complex
feedback and uncertain outcomes (3, 29, 58). They find it much
easier to relate to models that are described by discrete events,
possibilities, pictures, emotions, and stories, and that provide
prospects for harnessing their energies and skills (59–62).

Scenario planning is one way that the assessment team can
display implementation opportunities and constraints in a man-
ner that is comprehensible to a broad range of stakeholders. This
powerful tool deals with uncertainty by providing plausible,
descriptive narratives or pathways to the future. Scenario plan-
ning has a long history in business science where it has been used
to challenge mental models, facilitate behavior change, promote
collaborative learning, and confront tradeoffs (56). It also has
been used to good effect in the natural resource sector (7, 63, 64)
and was adopted by the Millennium Assessment (65, 66). In the
context of our model, scenario assumptions are defined by
implementation opportunities and constraints, and these are
used to set parameters for spatially explicit models of alternative
futures that can be depicted as maps and visual narratives (38).
Scenarios can be especially effective when they capture alterna-
tive futures visually and dramatically, in such a way as to reduce
stakeholder confusion by providing clarity about complex issues
and vague language (67, 68). By providing compelling, positive
alternatives to the status quo, scenarios can harness stakehold-
ers’ energies for strategy development and, thereby, overcome
their sense of helplessness about the future (69–72).

Planning Phase. The second phase of the operational model is
planning, which is explicitly collaborative, involving all key
stakeholders, including researchers (Fig. 1). Collaborative plan-
ning is a discourse-based process that comprises the identifica-
tion of a vision, a strategy to realize this vision, specific strategic
objectives, and instruments, tools, and organizations for imple-
menting actions to achieve the objectives.
Strategy development. The overall aim of this stage of the planning
process is to collaboratively identify a set of strategic objectives and
specific actions for the safeguarding of ecosystem services. These
objectives should seek to exploit the implementation opportunities
and overcome the constraints identified in the assessment phase.
Scientists need to develop and present at the strategy workshops
products (for example, visually compelling scenarios and maps) that
are user-useful and user-friendly (5, 14).

Strategy development is essentially a process for learning (56,
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73)—an opportunity for nonexperts to gain an understanding of
the issues at stake and for experts to appreciate the concerns and
contributions of other stakeholders, including decision makers
and the socially marginalized. The involvement of nonexperts
also is an important opportunity to engender pro-nature behav-
ior change: appropriately framed information and involvement
in a process of developing a strategy to achieve a mutually
desired state—the vision—can rapidly change people’s norms
(62, 74, 75). It forces them to confront realities about unsus-
tainable futures that will be harmful to themselves and their
offspring and to contribute by exploring possible solutions to
these problems (72, 75–77).

In the strategy process, scientists are enablers (5, 26). They
need to frame issues clearly and communicate in simple and
accessible language the benefits and costs of particular actions
and their associated uncertainties (58, 67, 78–80). Their role is
to help stakeholders understand issues so as to avoid confusion
and overcome helplessness (69, 71).

The strategic objectives need to be an unambiguous and
tractable list of actions and behaviors that are clearly linked to
instruments for implementation, which are supported by appro-
priate institutions (5, 81). The instruments available will be
context-specific and, because many instruments are complemen-
tary, they should be identified as an optimal mix (5). They may
include financial incentives (e.g., direct and indirect payments
for service delivery), governance-based instruments (e.g., en-
forcement of existing legislation, capacity-building, and the
establishment of cooperative governance structures), and value-
based instruments (education and recognition) (28, 29, 38, 52,
82, 83). In the cases where markets exist for ecosystem services—
for example, carbon sequestration, nature-based tourism, and
water supply—institutions and organizations may need to be
established to capture the values of these (52, 83).
Mainstreaming. Mainstreaming, the internalization of ecosystem
service safeguarding into the policies and practices of the
land-use planning sector, is located at the interface of the
planning and management phases of the operational model (Fig.
1). Optimal mainstreaming requires effective governance, orga-
nizational and institutional capacity, and awareness of and a
comprehensive knowledge about the ecology and value of
ecosystem services (20). The assessment and planning phases
provide knowledge about ecosystem services, increased aware-
ness of the importance of these services among stakeholders
(and may have already initiated a change in mental models or
even behavior), and identify opportunities and constraints re-
garding governance and capacity for implementation.

The rationale, benefits, and mechanisms for safeguarding eco-
system services need to be mainstreamed into all of those sectors
that feed into land-use planning, e.g., water, forestry, agriculture,
tourism, and urban planning. At least three things need to be
considered when launching a mainstreaming initiative.

First, decision makers in all of the relevant sectors need to be
made aware of the importance for sustaining society of safe-
guarding ecosystem services and, where they exist, of their legal
mandates to do so, which is most effectively done by identifying
‘‘win–win’’ situations that address both natural resource and
socioeconomic concerns (12). For example, this was done to
mainstream restoration projects in South Africa that delivered
on both ecosystem service and social equity goals (84, 85).
Communication to decision makers must be effective (78, 80); it
often may be necessary to emphasize as compelling ‘‘sound
bites’’ the immediate, social, and economic benefits of ecosystem
service protection (59) rather than less certain benefits that may
only manifest in the longer term.

Second, new organizations and institutions will be required to
address the tricky problem of coordinating governance across
such a wide array of sectors (22). We discuss cooperative
governance in the next section of this article.

Third, increased awareness and knowledge about environ-
mental concerns, and even embracing pro-nature values, does
not necessarily translate into adopting pro-nature behavior (62,
86). Therefore, pragmatic solutions are required to overcome
the inertia in engendering pro-nature behaviors of individuals
and organizations that are required for mainstreaming. Social
marketing is very promising in this respect: rather than attempt-
ing to understand the complex causes of behavior, it takes
existing behaviors as a given and then seeks to identify the
barriers to behavior change and to design specific incentive-
based programs to overcome these barriers (86, 87). Incentives
relate to both internal barriers (e.g., absence of skills, opposing
values, and beliefs) and external barriers (e.g., inadequate
infrastructure and support). Social marketing has been ex-
tremely successful in achieving behavior change in the health,
social development, and waste management sectors but has yet
to penetrate natural resource management and conservation
sectors. Depending on the outcome of the assessment of gover-
nance and institutional capacities, it may be necessary to imple-
ment programs of social marketing to bring about rapidly the
desired levels of behavior change.

Mainstreaming is an ongoing process that needs to be respon-
sive to windows of opportunity and other unintended surprises
arising from, among others, market emergence, infrastructure
development, and political changes and associated shifts in
power regimes (20, 26).

Management Phase. Management comprises the final phase of our
operational model for achieving resilience of the social-
ecological systems associated with ecosystem services. The over-
all objective of this phase is to undertake and coordinate actions,
including additional research, that achieve the protection of
biophysical features that provide ecosystem services and ensures
the flow of services to beneficiaries.

Actions may include the implementation of social marketing
projects, the restoration of vegetation for carbon credits, the
protection of watersheds key for water delivery, or the protection
of viewsheds for nature-based tourism—it depends on what has
emerged from the assessment of implementation opportunities
and constraints. We recommend, as others have done (1, 14), the
adoption of an adaptive management framework that embodies
an action-reflection cycle, or ‘‘learning by doing’’ (24, 30). In this
regard, the adoption of a quasi-experimental approach, whereby
the effectiveness of interventions can be assessed relative to
situations where intervention is withheld (88), can be extremely
effective in unraveling the complexities of social-ecological
systems (14). Static products such as user-useful and user-
friendly maps of ecosystem services and guidelines for managing
them, which can be mainstreamed directly or via social market-
ing into local integrative planning processes, potentially are very
useful (e.g., 14).

Adaptive management needs to respond effectively to the
complex feedback, opportunities, and shocks that characterize
social-ecological systems and provide insights that can be incor-
porated into the iterative processes of assessment and planning
(Fig. 1). Therefore, adaptive management needs to be institu-
tionalized in a suite of learning organizations (5, 14, 28, 78), each
focusing on a different ecosystem service. Such organizations
must be representative of the sectors that are concerned with
land-use decision-making and planning and should foster a spirit
of colearning, cogovernance, and accountability (22, 23, 56),
which is not always easy to achieve (19); key individuals and good
leadership are of paramount importance for effective learning
organizations (22, 89). The learning organization should have
the authority to restrict access to ecosystem service providers,
the wherewithal to offer incentives for their safeguarding, the
capacity to monitor ecological and social conditions, the exper-
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tise to evaluate the outcomes of interventions, and sufficient
flexibility to respond rapidly to changed circumstances (35, 57).

Conclusions and Caveats
At the core of our operational model are three elements: socially
relevant, user-inspired research, stakeholder empowerment, and
adaptive management embedded in learning organizations. The
goal is the achievement of social and ecological resilience in an
uncertain world.

The activities prescribed by the model will not be easy to
implement. Socially engaged, multi- and interdisciplinary re-
search is relatively rare. Our process requires a fundamental
change, or transformation, in the way research generates knowl-
edge (3, 4). Researchers will need to be responsive to stake-
holder needs, collaborate with many groups with values and
norms foreign to their own, operate as facilitators of knowledge
transfer to stakeholders, and be prepared to engage time-
consuming processes that are not sympathetic to career aspira-
tions and performance benchmarks predicated by the accumu-
lation of publications in high-impact journals (7, 90). Moreover,
the education philosophies of almost all universities are not
conducive to multi- and interdisciplinary research; instead, they
encourage the atomization of disciplines and entrench the
boundaries between them (4, 58, 91). However, the recent
emergence of sustainability science (11) is a very positive
development. The operational model presented here provides
many opportunities for conducting research on the complex
problems inherent in managing social-ecological systems. Rec-
ognition of the importance of this research through enhanced
funding and status can provide the impetus for its growth.

Implementing the operational model for most projects will
take a lot of time (25) and incur large costs, especially transaction
costs (92, 93). In developing countries, donor organizations fund
projects that are geared to specific deliverables subject to the
time-related tyrannies of log frames, which may not be appro-

priate for ecosystem service projects. Our operational model is
a process that does have hallmarks for evaluation but is simply
too complex and uncertain of outcomes to specify, with any
degree of realism, tangible outputs in short (1- to 5-year)
timeframes.

The operational model specifies a process that engenders
stakeholder collaboration and bottom-up decision-making,
which is consistent with the notion that although most environ-
mental problems are regional or global, the solutions are at the
local and individual scales (94). However, there are many cases
where well intentioned, bottom-up projects fail because of
failures of regional and global institutions to support their
outcomes (25, 95, 96). Bottom-up implementation needs to be
complemented by the policies and practices of regional and
global trade and financial institutions (97). Of great importance
is the incorporation of the value of ecosystem services into the
accounting systems of these institutions (16).

Related to this is the need to project ecosystem services
research into the realm of transdisciplinarity by addressing
directly the values, ethics, and morals associated with individu-
als, organizations, and institutions (4, 92, 98). Do we want a
world that promotes wealth accumulation and self-interest, or
one that fosters equity and common good? Questions such as
these raise issues about the kinds of economic systems we desire:
ones based on perpetual growth or ones that strive for a steady
state (98, 99). Sadly, the prevailing consumerist economic par-
adigm, the high discount rates held by most humans, and their
disconnect for the natural world (58, 69, 100) do not augur well
for the radical transformations required to place the world on a
path to sustainability. Planning to ensure the persistence of
ecosystem services in guaranteed to be an important and stim-
ulating challenge.
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We analyze the strategies and actions that enable transitions
toward ecosystem-based management using the recent gover-
nance changes of the Great Barrier Reef Marine Park as a case
study. The interplay among individual actors, organizations, and
institutions at multiple levels is central in such transitions. A
flexible organization, the Great Barrier Reef Marine Park Authority,
was crucial in initiating the transition to ecosystem-based man-
agement. This agency was also instrumental in the subsequent
transformation of the governance regime and provided leadership
throughout the process. Strategies involved internal reorganiza-
tion and management innovation, leading to an ability to coordi-
nate the scientific community, to increase public awareness of
environmental issues and problems, to involve a broader set of
stakeholders, and to maneuver the political system for support at
critical times. The transformation process was induced by increased
pressure on the Great Barrier Reef (from terrestrial runoff, over-
harvesting, and global warming) that triggered a new sense of
urgency to address these challenges. The focus of governance
shifted from protection of selected individual reefs to stewardship
of the larger-scale seascape. The study emphasizes the significance
of stewardship that can change patterns of interactions among key
actors and allow for new forms of management and governance to
emerge in response to environmental change. This example illus-
trates that enabling legislations or other social bounds are essen-
tial, but not sufficient for shifting governance toward adaptive
comanagement of complex marine ecosystems.

adaptive governance � ecosystem services � transformation

The widespread degradation of marine ecosystems and their
biodiversity (1–3) results to a large extent from a failure of

governance (4, 5). Traditional focus on single-species resources in
fisheries and aquaculture has created organizational and institu-
tional structures with compartmentalized decision-making pro-
cesses, leading to narrow policy instruments that create incentives
for policies and actions that undermine sustainability (6–8). Such
governance is ill prepared to respond to the complexity of dynamic
ecosystems or build an adaptive capacity for coping with change and
uncertainty (9–12). These approaches are often overwhelmed by
global economic drivers (13–15) and cannot address the complex
threshold dynamics of linked social–ecological systems (16–18).
New and more effective governance systems are urgently needed.

The Millennium Ecosystem Assessment (19) highlighted the
importance of incorporating an understanding of ecosystem dy-
namics into governance systems to build capacity for managing
ecosystem services. The search for better approaches to ensuring
sustainable outcomes has helped develop important principles and
protocols for ecosystem-based management of marine resources (4,
5, 20, 21). These acknowledge ecosystems as complex dynamic
systems and address the mismatch between social systems and
ecosystem dynamics. Typically, prevailing approaches emphasize
spatial planning, usage zoning, and marine protected areas (22–27).
However, the burgeoning literature on ecosystem-based manage-
ment offers few empirically based insights into social–ecological
strategies that make transitions to such management possible.

Different disciplines have studied pieces of the puzzle, for example,
organizational (28) and institutional aspects (29), but have rarely
analyzed broader social–ecological dynamics.

A literature on the role of leadership strategies in transitions to
ecosystem-based management is emerging (30–33), focusing on the
relationship between social structures and human agency (human
capacity to make and impose choices). The scholarly debate in
political science recognizes rigidity, veto points, and path depen-
dence as common characteristics of institutions and public policy-
making (34). This includes sudden change and ‘‘punctuated equi-
librium’’ where long periods of stability and incremental change
interact with abrupt, nonincremental, large-scale change (35–37).
Windows of opportunity offer possibilities for large-scale change
(38, 39). Windows may open because of exogenous shocks and
crises, including shifts in underlying economic factors such as a
rapid rise in energy prices, a change in the macropolitical environ-
ment, new scientific findings, regime shifts in ecosystems, or rapid
loss of ecosystem services (32, 39). Ingram and Fraser (40) use such
a punctuated equilibrium framework (37) to analyze policy inno-
vations in water management in California, where water manage-
ment and policy were locked into a highly engineered infrastructure
that reinforced one policy and excluded others. A new awareness
has now emerged among multistakeholders in California water
management. Policy and management have shifted and broadened
to incorporate a wider array of state and federal agencies as well as
private and public organizations. This demonstrates how rigidity in
policymaking can stifle innovations and capacity to deal with
crises (41).

New frameworks are emerging for investigating the interplay
between long periods of stability and abrupt change in social–
ecological systems and analyzing shifts toward ecosystem-based
management (9, 42, 43). In this context, there is an urgent need to
identify strategies that have enabled transitions in management
from a conventional focus on a single resource or habitat to
large-scale ecosystem-based management. Management brings to-
gether existing knowledge from diverse sources into new perspec-
tives for practice (44). Here, transition refers to a shift from one
management system to another, often a discontinuous shift to a new
management trajectory (45). We argue that, to understand such
transitions, for dealing with the degradation of marine ecosystems
(2, 3), there is a need to address governance systems and investigate
transformations from one governance system to another. By gov-
ernance systems we mean the interaction patterns of actors with
conflicting objectives and the instruments chosen to steer social and
environmental processes within a particular policy area (18). Insti-
tutions are a central component (46–48), as are interactions
between actors and the multilevel institutional setting, creating
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complex relationships between people and ecosystem dynamics
(18). The adaptive governance framework specifically addresses
such dynamic interactions and the social–ecological capacity to
sustain ecosystem services in the face of uncertainty and change
(49, 50).

The Great Barrier Reef Marine Park (GBRMP), the largest coral
reef system in the world, has recently undergone a major rezoning
and transformation in governance toward stewardship of the large-
scale seascape, incorporating 70 bioregions (including many non-
reef habitats). The rezoning was an ambitious effort to better
manage the Great Barrier Reef (GBR) and associated ecosystems
and strengthen their resilience in the face of climatic change, i.e.,
their ability to cope with disturbances and continue to generate
essential ecosystem services (22, 51–53).

This article identifies social features and strategies that made it
possible to shift the direction of an already-existing multilevel
governance regime toward large-scale ecosystem-based manage-
ment. We hypothesize that achieving such a shift is more complex
than simply changing legislation, providing economic instruments,
or introducing new restrictions on resource use. What triggered the
transition? Which were the significant events? Who were the key
stewards? What were the barriers to the transition? What strategies
and actions were used to overcome barriers and mobilize the shift?
How did these strategies and actions help to change incentives,
perceptions, institutions, and patterns of interactions between
actors? To investigate these issues, we analyze multilevel interac-
tions among individuals, organizations, and institutions in relation
to ecosystem management of the Great Barrier Reef. Following on
our earlier studies of transformations in social–ecological systems
(31), we were especially interested in how the rezoning was devel-
oped and the preparations that helped seize a political window of
opportunity.

We focus on the main agency involved in the rezoning, the Great
Barrier Reef Marine Park Authority (GBRMPA), which initiated
the shift. Data collection included an extensive review of published
and online sources, from 1975 to the present, to capture the history
of legislation, governmental agencies, public opinion, and how the
rezoning developed. Sources included scientific articles, legal doc-
uments, staff papers, annual reports, reports on the state of the reef,
reviews, strategic plans, maps, and fact sheets, as well as the
GBRMPA web site (www.gbrmpa.gov.au). We also conducted 22
open-ended, in-depth interviews (54, 55) with key informants

involved in the rezoning. Interviewees were asked to describe
significant events during the rezoning process, triggers for initiating
zoning at the scale of the seascape, strategies and actions to make
the shift, and barriers to change. The interviewees were asked to
name key individuals instrumental in shaping change and navigat-
ing the transition. A ‘‘snowball sampling’’ technique was used for
selecting interviewees (54).

We used qualitative data analysis (56) to analyze the collected
data. The conceptual framework, hypothesis, and the research
questions stated in the introduction were used to select, focus, and
organize the data. A first analysis of written sources and interviews
identified important events and interacting structures and processes
that facilitated the shift. This information is presented in the
sections that follow. The initial analysis also identified actions taken
to deal with specific barriers to change. These insights guided the
next step of the analysis: identifying individuals that could link
actions to specific governance strategies and describe the motiva-
tion behind these strategies, how they were developed, and what
triggered them. Five overall strategies emerged from our analysis
described as Table 1 and in associated text.

Great Barrier Reef Marine Park
The Park covers 344,000 km2, an area almost the size of California.
Coral-dominated assemblages form discontinuous fringing reefs on
the mainland and inshore granitic islands. Most reefs are found
30–200 km offshore, on the middle and outer edge of the conti-
nental shelf. Many other non-reef assemblages occur near the
shore, on soft bottoms and in deeper water between the reefs (e.g.,
mangroves, seagrass beds, etc.). Like many other coral reefs, the
Barrier Reef generates a multitude of essential ecosystem services
(57). The GBR Marine Park contributes AU$6.9 billion annually to
the Australian economy, �85% of which is from the tourism
industry (58).

The Australian federal government enacted The Great Barrier
Reef Marine Park Act in 1975 in response to public concerns about
threats to the reef from oil drilling, mining, and unexplained
outbreaks of coral-eating starfish (59, 60). The act established
GBRMP, and in 1981 the Great Barrier Reef region was also
declared a World Heritage Area. The marine park is a multiple-use
marine park, allowing a range of uses based on spatial zoning (22).
The seven marine zone types range from general use (the least
restrictive zone, allowing most reasonable use) to preservation

Table 1. Strategies used by GBRMPA for facilitating the transition to ecosystem-based management

Strategies Actions Examples of barriers to change

Making internal
organizational
changes

Establishing Senior Managers Forum and four regional teams
Providing clear and transparent leadership at the relevant levels within

the organization
Communicating a shared vision and goals

Resource constraints
Inability to innovate or deal with surprise
Lack of direction, shared vision, engagement, trust, leadership,

cross-sector cooperation, and communication
Having few leaders exacerbates vulnerability

Bridging science and policy Drawing on existing networks of scientists, managers and industry to
promote dialogue

Workshops and forums for synthesizing knowledge
Communicating shared vision and goals

Science is fragmented
Lack of scientific certainty
Different perceptions and views among scientists and managers,

lack of trust

Changing public perceptions Clear, simple, and tailored stakeholder information from a
communication professional

Visualizing the entire GBR as an interconnected ecosystem
Creating a sense of urgency for conservation

Different knowledge and interests among stakeholder groups
Low awareness of problems, threats, and ecological interactions

Facilitating community
participation and
public consultation

Building trust with communities: personal interactions and regional teams
Community information sessions
Recasting problems as opportunities
Periodic updates on the rezoning process
Innovative submission routines

Lack of trust
Conflicting views among key actor groups, misinformation
Outreach to local communities difficult
Lack of leadership

Gaining political support Prepared for change: politically expert staff, timing actions, having
relevant information ready

Briefing key players well before the new zoning plan
Allying with other key actor groups
Pollsters for leverage and monitoring public opinion

Change of people in power
Lack of support from key politicians
Zoning plans can be stopped
Opposing views
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(very small ‘‘no-go’’ areas set aside as scientific reference areas).
Use and entry are allowed, either ‘‘as-of-right’’ or by permit in all
zone types. The GBRMP generally extends inshore to the low-water
mark but excludes some near-shore areas managed by the State of
Queensland. The State has created the Great Barrier Reef Coast
Marine Park to protect tidal lands and coastal waters. The State
Park complements the federal GBRMP by adopting similar zone
objectives and entry and use provisions. The comanagement be-
tween the federal and the state governments originates from a
formal agreement signed in 1979. This federal–state cooperation is
important for enabling ecosystem-based management of the region.

Zoning and Rezoning the Great Barrier Reef Marine Park. The Great
Barrier Reef Marine Park Act established the GBRMPA in 1976
and required the new agency to initiate zoning plans for the marine
park. The Authority grew in size and sophistication over time and
since 2000 has a staff of �130 and an annual budget close to AU$30
million (GBRMPA annual reports). Between 1983 and 1988, each
of the four sections of the GBRMP (the Far Northern, Cairns,
Central, and the southern Mackay/Capricorn sections) were zoned
for the first time. No-take areas together accounted for 5% of the
marine park, mainly in the remote Far Northern area and predom-
inantly covering coral reefs (reefs were considered the most im-
portant habitats at that time but actually make up only 6% of the
entire GBRMP).

As scientific information accumulated from the 1970s onward, it
became apparent that the Great Barrier Reef was showing signs of
degradation, primarily from runoff of sediment from land, over-
harvesting, and more recently from global warming. Recent analysis
of banded coral skeletons show that runoff of sediment from land
increased between 5- and 10-fold after about 1870, when European
settlement and overstocking of semiarid river catchments began
(61). Recurrent outbreaks of crown-of-thorns starfish, which de-
stroy large amounts of coral, have affected �200 reefs since the
early 1960s (62). One theory for these outbreaks is that enhanced
runoff of nutrients from land has shortened the starfish’s larval
phase, leading to population explosions (63). Stocks of mega-fauna
species on the Great Barrier Reef including dugongs, turtles, and
sharks have fallen dramatically since European settlement (1).
Similarly, the size and densities of fish species targeted by recre-
ational and commercial fisheries have declined in recent years. The
biomass of coral trout is up to six times lower on heavily fished
near-shore reefs compared with adjacent no-take areas established
in the 1980s (64). Demographic and economic data gathered in the
1980s and 1990s showed rapid growth in human population, land
clearing, coastal development, tourist visits, and fishing pressure.
Gradually, it became clear that the initial level of protection did not
adequately protect biodiversity within the GBRMP or ensure that
the entire ecosystem remained healthy, productive, and resilient
(1, 2, 62).

In the late 1990s there was growing awareness among scientists
and reef managers that many biological communities on the GBR,
such as inshore and deeper habitats, were poorly represented in
existing no-take zones. They also realized that connectivity of larvae
and other poorly understood interactions between reef and non-
reef habitats were important to maintain the resilience of the entire
ecosystem. Unprecedented regional bleaching occurred in the
summer of 1997/1998, affecting large parts of the GBR and other
reefs in the Western Pacific and most of the tropical Indian Ocean
(65). It was a rude wake-up call to the dangers of global warming
for coral reefs that required an urgent response.

In 1998, the GBRMPA initiated a major rezoning of the marine
park called the Representative Areas Program (RAP) (22, 53) to
systematically increase the protection of biodiversity within the
GBRMP by protecting representative examples of each type of
habitat within a network of no-take areas. Focus was on protecting
biodiversity and maintaining ecosystem function and services
rather than on maximizing the yield of commercially important

fisheries. The RAP process began in 1998–1999 with a mobilization
of scientific expertise to identify and map habitat types. Panels of
experts compiled �40 existing data sets to characterize the biolog-
ical and physical diversity of the GBRMP (53). Geographic infor-
mation systems-based tools and analytical methods identified and
mapped 70 bioregions, of which 30 were reef bioregions and 40
were non-reefal. (A map of the 70 bioregions in the GBRMP is
available at www.gbrmpa.gov.au/��data/assets/pdf�file/0016/
7315/bioregions�2001�06.pdf.)

Formal community participation in the RAP process took place
in two phases (66), with informal consultation throughout the
planning phase. Over a 3-month period from May 2002, GBRMPA
sought formal community input for preparation of a Draft Zoning
Plan for the entire GBRMP. This resource-intensive process used
a range of techniques to ensure that all coastal communities
adjoining the marine park were aware of the RAP. This first round
of formal public participation resulted in 10,190 written submis-
sions. By a combination of expert opinion, stakeholder involve-
ment, and analytical approaches, different options for no-take area
networks were identified by GBRMPA using a variety of planning
tools to integrate biophysical, social, and economic information (51,
52, 67–69). This led to the completion of the Draft Zoning Plan and
focused the second formal community participation phase (66),
which resulted in 21,500 additional written submissions (70).

In late 2003, the Draft Zoning Plan was revised to incorporate
information from the second consultation process, resulting in the
Revised Zoning Plan, which increased the percentage of no-take
areas in the GBRMP by �6-fold to 33%, including at least 20% of
each of the 70 bioregions. In December 2003 the new zoning plan
was submitted to federal parliament and passed into law in July
2004. The Australian Government also agreed to a structural
adjustment package providing compensation for those (such as
commercial fishers) adversely affected by the new zoning.

Key Strategies Behind the Shift to Ecosystem-Based Management.
Through the methods and data analyses outlined in the introduc-
tion, we identified five general strategies that were used by
GBRMPA to implement RAP and the new zoning plan. These are
(i) internal organizational changes, (ii) bridging science and policy,
(iii) changing people’s perceptions, (iv) facilitating public consul-
tation and participation, and (v) gaining political support. Our
qualitative data analysis also revealed several actions taken to deal
with specific barriers to change. The following section describes
general strategies, actions, and examples of barriers, summarized in
Table 1. A common feature of GBRMPA’s strategy was anticipat-
ing and addressing potential barriers to the implementation of an
ecosystem-based approach.
Internal organizational changes. The GBRMPA executive team during
RAP comprised the chair, Virginia Chadwick, and two executive
directors, to whom senior managers report. GBRMPA underwent
major internal organizational changes from the late 1990s onwards.
Some changes were based on a 25-year strategic plan (71) and a
1997 report that suggested that GBRMPA should be organized
around four critical environmental issues (72). This was a turbulent
time for GBRMPA, with a high staff turnover rate that facilitated
internal reorganization (73). The emerging concept of rezoning the
entire marine park initially occupied a small group, understaffed
and underfinanced. By the early 2000s, however, almost all of
GBRMPA was involved in the RAP process, led by the executive
team (74). The executive team established a Senior Managers’
Forum to coordinate activities, enhance communication, solve
conflicts, tap into the expertise of senior managers to ensure a
shared policy direction, and advise the organization’s chair. As one
of the executive directors describes:

I realized that, in house, [the RAP] was not something that
a section could handle . . . it was about the whole organi-
zation. It was about the marine park. So everyone had to
have ownership of it. And everyone was needed. We had
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to almost stop doing many other things, to do this. Oth-
erwise we couldn’t do it. So we formed what was called the
Senior Managers’ Forum.

In this way, GBRMPA used its organizational flexibility to
establish and nurture an environment where creativity was encour-
aged and innovative solutions to problems could emerge. Impor-
tantly, this process was achieved without any additional funding and
relied entirely on a flexible internal redeployment of staff. The
Senior Management Forum unified internal management and
communicated a common vision throughout the organization, with
leadership of the Forum shared by both of the executive directors.
The Senior Managers Forum led to the establishment of four
regional teams responsible for the comprehensive public consulta-
tions associated with the RAP. Using teams helped the GBRMPA
to avoid competition between sectors, increase internal collabora-
tion, and become more effective by pooling experiences and
resources.
Bridging science and policy. The RAP process relied heavily on
scientific expertise and a new synthesis of the best available data on
species and habitats of the Great Barrier Reef. To harness this
expertise, GBRMPA created new opportunities for interaction,
dialogue, and information sharing with researchers. This included
establishing committees and panels, facilitating workshops, and
communicating to scientists GBRMPA’s overall vision and goals
for the RAP and rezoning. For example, two independent advisory
committees (the Scientific Steering Committee and the Social,
Economic, and Cultural Steering Committee) were convened to
develop two sets of operating principles that guided the RAP
process (53). Scientists were encouraged to think beyond their
individual sample sites or specialized expertise to collectively reach
a bioregional perspective on the GBR as a whole (53). This dialogue
was facilitated by a longstanding relationship between GBRMPA
and researchers at universities, the Australian Institute of Marine
Sciences, and the Cooperative Research Centre for the Great
Barrier Reef World Heritage Area (CRC Reef).
Changing people’s perceptions. Because of its iconic status, there was
overwhelming support both nationally and locally for conserving
the Great Barrier Reef. GBRMPA tracked this support using
pollsters and used the information during RAP for political lever-
age. However, not everyone was aware of the threats to the reef or
agreed with the proposed management changes (75). Some local
recreational fishers in particular were vocal in their opposition to
no-take zones. Some within GBRMPA foresaw that the implemen-
tation of the RAP and rezoning the marine park would require an
extensive communication strategy to bolster public support. Many
people still perceived the Great Barrier Reef as a pristine environ-
ment, protected from human impacts by its sheer size and relative
isolation.

To address this issue, GBRMPA hired a highly skilled commu-
nication officer to produce a ‘‘reef under pressure’’ information
campaign showing that the reef is no longer a pristine wilderness but
rather is subject to anthropogenic degradation caused by coastal
development, land use, shipping, tourism, and fishing. The cam-
paign raised awareness and created a sense of urgency about the
need to better protect the GBRMP for future generations. The
campaign included web sites, posters, pamphlets, and television
advertisements showing well known local individuals advocating for
the need for change. The information campaign, tailored for a
range of audiences, was followed up by continuous polling to
monitor the change in people’s perceptions.
Facilitating community participation and public consultation. GBRMPA
is required by the 1975 Act to inform the public about new zoning
plans and provide two formal public consultation periods during
their preparation. Public consultation for the RAP greatly ex-
ceeded the requirements of the Act and was by far the most
extensive in the history of the marine park. GBRMPA staff had to
learn quickly, and several new methods were trialed. There were

several minor setbacks regarding public consultation, some antic-
ipated and others unexpected. The goals of RAP and the zoning
plan were sometimes misunderstood, and some members of local
communities were suspicious about GBRMPA’s agenda. On sev-
eral occasions misinformation about the intended location of
no-take zones (especially close to a town or the shore) resulted in
public meetings with large audiences including distressed, angry
individuals (75). GBRMPA turned these problems into opportu-
nities for correcting misinformation and spreading key messages
about the RAP and rezoning and produced a ‘‘Correcting Misin-
formation’’ fact sheet. GBRMPA attended every public meeting
they were invited to. Whenever GBRMPA was in charge of
organizing meetings they avoided large public meetings that could
be dominated by one or a few people and instead held several
hundred community information sessions in regional and local
community centers. The reason for this is offered by a Senior
Manager:

We thought that was a more effective way of interacting
with people because it gave everyone an even chance of
getting heard, where if you have a public meeting quite
often it is dominated by the loud and angry one.

Information sessions and follow-up meetings were a more effec-
tive way to interact directly with all of the people present and build
trust. Typically, four or five GBRMPA staff presented posters,
pictures, and other informative material and answered questions.
Some communities had not had contact with GBRMPA for de-
cades. Periodic updates on the RAP process were produced from
May 2000 to November 2003 and were posted online (75).

For the second consultation phase, GBRMPA improved the
formulation and design of the submission packages distributed to
communities. New and innovative ways for dealing with the influx
of submissions were required because of the overwhelming re-
sponse from the public. The volume of submissions (�31,000 in
total) came as a surprise to GBRMPA. A ‘‘factory’’ was set up for
handling them, quickly allocating human and financial resources
within the organization without the need for additional external
funding. (Periodic updates on the progress of RAP are available at
www.gbrmpa.gov.au/corp�site/key�issues/conservation/rep�areas/
updates.)
Gaining political support. GBRMPA reports to the Australian Fed-
eral Minister for Environment and Heritage, whose support was
crucial for the RAP process. The rezoning legislation had to pass
through the two federal houses of Parliament. After the federal
election in November 2001, a new minister for environmental
issues, the Honorable David Kemp, was appointed in 2002. The new
minister, and ultimately the prime minister, had to be reassured that
there was an adequate scientific basis for the zoning, that it could
be carried through to a successful conclusion within an acceptable
time frame, and that GBRMPA had the skills necessary to lead an
extensive public consultation process. After several sessions with
the chair of GBRMPA, the minister was convinced that the RAP
and the new zoning plan would be a major advance in conserving
the biodiversity of the marine park that could be managed politi-
cally. In his interview for our study, the minister stated

I made a judgment about Virginias Chadwick’s capacity to
lead the process. I came to the view that she could manage
it . . . she had an experience in mapping the political
landscape and in talking with leaders of interest groups and
in handling public meetings that were at times quite
emotional.

The timing of submitting the plan to the Senate was crucial. The
chair of GBRMPA and the minister agreed that the new zoning
plan should be submitted in December 2003 for it to become
operational by July 2004, before the upcoming federal election the
same year. The chair of the GBRMPA states
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I realized . . . that we needed 15 sitting days of Parliament,
and a simple examination of the parliamentary sitting
timetable showed that if one wanted the 15 sitting days to
end, say, around midyear, then the plan had to be submit-
ted to Parliament before the Parliament got up for the
Christmas break. If one didn’t do that . . . one would have
been looking at October, November, which would have
been slap-bang in the middle of a federal election.

This provided a narrow political window of opportunity that set
the time frame for GBRMPA. GBRMPA and the minister had to
prepare a smooth passage of the plan through both houses of
Parliament. Throughout the planning process, senior staff from
GBRMPA made frequent trips to Canberra (a 5-hour journey by
plane) and other key destinations to inform critical players such as
governmental departments and agencies responsible for fisheries
and the environment, members of Parliament and senators (espe-
cially those representing constituencies along the Queensland
coast), shipping interests, port authorities, and the Defense De-
partment. The political skills of GBRMPA’s executive team and the
director for communication were important for navigating the
political system. Senior scientists, conservation nongovernmental
organizations, and lobbyists for the tourism industry also played a
role in convincing politicians of the need to pass the reef legislation.
Fishing interests were also politically active.

Discussion
The study of the Great Barrier Reef shows the critical role of
flexible governance systems that can deal with complex and dy-
namic ecosystems by linking individuals, networks, organizations,
and institutions across multiple levels of human activity (49). We
used a broad analytical approach to identify strategies and actions
used by GBRMPA to overcome barriers to change and transform
governance and management of the large-scale coral reef seascape.
Interacting key strategies that emerged from our analysis are
internal reorganization; coordination of scientists and other ex-
perts; tailored information campaigns about the state of the GBR;
community participation and public consultation; and actively
working to gain political support.

The GBRMPA case illustrates that policy development and
implementation are complex, highly dynamic, and sometimes
abrupt. Institutional inertia can develop into a major transition
within a fairly short period, in our case between 1998 and 2004,
when a policy window of opportunity was effectively used. The
RAP, and its use in the rezoning of the reef, is an innovative
approach, developed within the GBRMPA, adopted at the highest
political level in Australia, and actively used to improve the gov-
ernance of the GBR. Initially, there was the recognition that the
existing zoning network did not adequately protect the range of
biodiversity of the reefs and hence could not maintain the GBR’s
resilience in the face of recurrent ecological disturbances. Com-
bined with increased human pressures on the GBR, including the
challenges of climate change, individual actors within the
GBRMPA were triggered to search for more holistic approaches to
governance and management of this large marine ecosystem. The
new, more sophisticated approach that emerged addressed both
ecosystem dynamics and the intricate web of interactions between
social and ecological systems.

GBRMPA focused on communication and information through-
out the RAP process, hiring a skilled communication officer to
develop communication strategies and information. Combined
with new scientific insights, this shifted the perception of the GBR
from a well protected pristine coral reef ecosystem to a vulnerable
and complex seascape requiring active stewardship. Increased
public and media interest helped to tip governance in the new
direction of ecosystem-based management with broad stakeholder
engagement (76).

Similar studies have shown the essential role of shifting people’s
perceptions. Such shifts are critical factors in altering the trajectory
of natural resource management (77, 78). In The Netherlands, a
recent shift to more integrated forms of water management dem-
onstrates that a change in people’s mental models, from ‘‘fighting
the water’’ to ‘‘living with the water,’’ was critical for adaptive
management (79). In the Kristianstads Vattenrike Biosphere Re-
serve in Sweden, a comparable shift in the perception of local
politicians was critical in the transition to ecosystems-based man-
agement (31). These examples and the GBRMPA case also point
to the role of ecologists in social–ecological transformations (80)
and the need to coordinate scientist interactions with each other,
the public, and politicians.

Our study points to the need for research on policy windows
and the ability to create the right links, at the right time, around
the right issues (30, 31). Well timed actions that change inter-
action patterns among social actors can be crucial for governance
transformations (18). GBRMPA’s Senior Managers Forum, the
regional teams, and the community information sessions are
innovative evolving structures set up especially for the RAP to
improve interactions between individuals and divisions within
the GBRMPA and between the GBRMPA and other key actors
across multiple levels.

Our study also shows the need to understand the dynamic
processes that underlie the emergence of new forms of governance
and management and the role of leadership in these processes.
Initially, a small team working within the GBRMPA planned the
rezoning of the entire marine park, which subsequently led to
critical support from the Authority’s executive team for the major
rezoning effort. This happened in three stages, from (i) a relatively
minor project within GBRMPA to (ii) incorporation across all parts
of the Authority and status as an agency priority, to (iii) changing
national legislation and influencing other areas in Australia (e.g.,
rezoning of Ningaloo Reef in Western Australia in 2004) and
becoming a role model for policy development elsewhere.

The RAP process shows the role of skillful leadership (28) for
moving between stages and across multiple organizational and
political levels; first when the executive team allocated internal
resources for developing the RAP and second when the chair of
GBRMPA, Virginia Chadwick, won the critical support of David
Kemp, the federal minister, for proceeding with RAP and the new
zoning plan. Leadership issues have been addressed in several
studies (81, 82) but not in the context of understanding transitions
to ecosystem-based management.

The GBRMPA case suggests that enabling legislation or other
social bounds is essential but not sufficient for achieving adaptive
comanagement (83) of complex marine ecosystems. Bringing
together science and policy is another important but singly
insufficient component of transitions and transformations. Crit-
ical interacting strategies for transformations in social–
ecological systems must be addressed to understand these shifts.
Additional empirical studies, case-study analyses, and compar-
ative studies can develop a better understanding of strategies for
transformation in governance toward ecosystem-based manage-
ment under various social–ecological conditions. For example,
in contrast to the GBR case, marine zoning in the United States
has been severely constrained because of inflexible institutions,
lack of public support, difficulties developing acceptable legis-
lation, and failures to achieve desired results even after zoning
is established (8). Understanding successes and failures in ma-
rine governance systems is a first step in improving their adaptive
capacity to secure ecosystem services in the face of uncertainty
and rapid change.
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To address devastating environmental crises and to improve human
well-being, China has been implementing a number of national
policies on payments for ecosystem services. Two of them, the
Natural Forest Conservation Program (NFCP) and the Grain to Green
Program (GTGP), are among the biggest programs in the world
because of their ambitious goals, massive scales, huge payments, and
potentially enormous impacts. The NFCP conserves natural forests
through logging bans and afforestation with incentives to forest
enterprises, whereas the GTGP converts cropland on steep slopes to
forest and grassland by providing farmers with grain and cash
subsidies. Overall ecological effects are beneficial, and socioeconomic
effects are mostly positive. Whereas there are time lags in ecological
effects, socioeconomic effects are more immediate. Both the NFCP
and the GTGP also have global implications because they increase
vegetative cover, enhance carbon sequestration, and reduce dust to
other countries by controlling soil erosion. The future impacts of these
programs may be even bigger. Extended payments for the GTGP have
recently been approved by the central government for up to 8 years.
The NFCP is likely to follow suit and receive renewed payments. To
make these programs more effective, we recommend systematic
planning, diversified funding, effective compensation, integrated
research, and comprehensive monitoring. Effective implementation
of these programs can also provide important experiences and les-
sons for other ecosystem service payment programs in China and
many other parts of the world.

conservation � environment � forests � grassland � sustainability

Over the past three decades, China’s economy has grown the
fastest among all major nations. By contrast, China’s environ-

ment is increasingly deteriorating. For example, soil erosion is
widespread, and ‘‘natural’’ disasters have caused devastating socio-
economic impacts (1). To mitigate the impacts of the degraded
environment, China has been implementing large-scale conserva-
tion programs, including the Key Shelterbelt Construction Pro-
gram, Beijing–Tianjin Sandstorm Control Program, Wildlife Con-
servation and Nature Reserve Development Program (2), and
Forest Eco-Compensation Program (3).

The severe droughts in 1997 and the massive floods in 1998 have
prompted China to take two other unprecedented conservation
actions—the development and implementation of the Natural
Forest Conservation Program (NFCP, also known as the Natural
Forest Protection Program) and the Grain to Green Program
(GTGP, also known as the Sloping Land Conversion Program and
the Farm to Forest Program) (4–6). The NFCP conserves natural
forests through logging bans and afforestation with incentives to
forest enterprises, whereas the GTGP converts cropland on steep
slopes to forest and grassland by providing farmers with grain and
cash subsidies. These actions resulted from the realization that
those droughts/floods were at least partially caused by farming on
steep slopes and deforestation.

The NFCP and GTGP are two of the biggest programs offering
payments for ecosystem services in both China and worldwide in
terms of scale, payment, and duration (7–11). They are major
components of China’s six key forest conservation programs, which

encompass 97% of China’s counties. Planned investment will
exceed 700 billion yuan (at present, $1 U.S. � 7.4 yuan). The
implementation of these programs is a milestone of China’s forest
management; it marks the end of an era dominated by timber
production.

The NFCP and GTGP also have important global implications
(1), although they were initially developed to address pressing
environmental problems in China. If implemented adequately and
sustainably, these two programs can generate many benefits to
China and the rest of the world by addressing a wide array of
environmental issues (e.g., biodiversity loss, climate change, deser-
tification, droughts, floods, soil erosion, and water runoff) as well
as socioeconomic challenges (e.g., poverty alleviation, social con-
flicts, and economic development) (1, 4, 5).

In this article, we provide an overview of the goals and payments
for the NFCP and GTGP, illustrate their ecological and socioeco-
nomic effects as rigorously as possible from various sources of
literature, discuss future opportunities and challenges, and offer
recommendations to overcome their shortcomings and enhance
their potential.

Natural Forest Conservation Program
Background and Goals. According to the fifth national forest inven-
tory (1994–1998), the size of China’s natural forests was only 112
million ha (�70% of all forests), and most of these forests were
degraded because of various human activities (e.g., pervasive
logging). The overall goal of the NFCP is to protect and restore
natural forests through such means as logging bans (Fig. 1). It is
widely believed that achieving this goal can lead to many ecosystem
service benefits, such as soil erosion reduction, water retention, and
flood control. To achieve this overall goal, the NFCP has also
developed short-, medium-, and long-term goals as stepping stones.
The short-term goals (1998–2000) were to eliminate or reduce
timber harvesting from natural forests and create alternative em-
ployment for traditional forest enterprises. The medium-term goals
(2001–2010) are to construct and protect forests for ecological
benefits and to increase the capacity for timber harvesting from
plantation forests. As a final goal (2011–2050), the NFCP aims to
restore natural forests and meet domestic demand for timber in
plantation forests.

The creators of the NFCP hoped to lower timber harvests in
natural forests from 32 million m3 in 1997 to 12 million m3 in 2003,
and plan to afforest 31 million ha by 2010 through mountain closure
(i.e., prohibition of human activities such as fuelwood collection and
grazing to allow regrowth) (12), aerial seeding, and artificial
planting (4) (Fig. 2). The NFCP required that commercial logging
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be completely banned in the upper reaches of the Yangtze and
Yellow rivers as well as in Hainan Province (Fig. 1) by 2000, and that
logging be substantially reduced elsewhere (4).

The NFCP pilot study started in 12 provinces and autonomous
regions/municipalities in 1998. It was expanded to 18 provinces in
2000 (Fig. 1).

Payments. From 1998 to 2005, the NFCP received �61 billion
yuan (Fig. 3). This investment was mainly used for payments to
cover economic losses of forest enterprises caused by the shift from
timber harvesting to tree plantations and forest management (2).
The payments were linked to specific tasks: 1,050 yuan/ha for
allowing forest regeneration through mountain closure; 750
yuan/ha for aerial seeding; 3,000 and 4,500 yuan/ha for artificial
planting in the Yangtze and Yellow river basins, respectively; and
10,000 yuan per worker for protecting 340-ha forest patches (4).

A total of 96.2 billion yuan has been designated for NFCP-related
activities from 2000 to 2010 (4), of which �50% has already been
spent (Fig. 3); �81.5% of this amount is anticipated from the
central government, and the remainder, from local governments.

Ecological Effects. Overall, progress has been made toward achiev-
ing the goals of conserving and restoring natural forests. Most
research and assessment efforts have focused on immediately

observable indicators such as changes in harvested timber, newly
forested area, and degree of soil erosion.

By 2000, commercial harvesting of natural forests in 13 provinces
had ceased, and the total area without logging had reached 8.9
million ha. The amount of timber harvested decreased 41% (from
18.5 to 11 million m3) in northeast China and Inner Mongolia
between 1997 and 2003 (13). However, this change may be one
reason for increased timber imports from other countries. In 2002,
the domestic production of commercial roundwood declined to 44.4
million m3, but the total import volume increased to 94.5 million m3

(14). In 2005, China imported 29.4 million m3 of logs, an increase
of 10.4% from 2004 with imports from tropical forests accounting
for 7.4 million m3 (25% of total log imports). However, much of the
imported timber to China was used to make products (e.g., furni-
ture) later exported to developed countries.

The area under mountain closure and plantation increased
rapidly over time and expanded to almost 11 million ha by 2005 (Fig.
2). Native species (e.g., pine and China fir) are generally encour-
aged in the NFCP region although nonnative species (e.g., poplar
and Hinoki cypress) were planted in some landscapes. Further-
more, only one or a few tree species were usually dominant in a
specific landscape, but there are efforts to diversify species com-
position (15).

Carbon sequestration has also increased. Between 1998 and 2004,
21.3 Tg (1 Tg � 1012 g) of carbon was sequestered in the new
plantations under the NFCP (of which, 6.4, 12.6, and 2.3 Tg of
carbon were sequestered in northeastern China and Hainan Prov-
ince, the upper Yangtze River Basin, and the upper Yellow River
Basin, respectively). In addition, wood production was reduced by
9.7 million m3, resulting in a reduction of carbon emissions of 22.8
Tg. The total carbon sequestered through the NFCP was 44.1 Tg
(1.2% of China’s CO2 emissions) from 1998 to 2004 (16).

Soil erosion has been reduced, but the degree of reduction varied
among regions. Sample analyses of 22 counties in the upper and
middle reaches of the Yangtze and Yellow river basins indicate that
the area suffering from soil erosion declined by 6% from 1998 to
2003. In Sichuan Province, soil erosion was reduced by 1.5 billion
tons (13).

Wildlife habitat has also been improving. A long-term study in
the Wolong Nature Reserve for the endangered giant pandas in
Sichuan Province, which began 5 years before the NFCP started
(17), demonstrates that illegal harvesting of natural forests has been
rare (18) and that the panda habitat has been recovering since the
NFCP’s inception (19).

Socioeconomic Effects. Whereas major types of NFCP impacts on
forest enterprises had been anticipated before the NFCP started,
the extent of some impacts has exceeded expectations. Further-
more, there were unforeseen negative impacts on other industries
and local governments.

Significant steps have been taken toward achieving the NFCP’s
short-term goals in generating alternative jobs for those previously

Fig. 1. Current distribution of the NFCP and GTGP in China. Names of
provinces, autonomous regions, municipalities, and two major rivers are
shown. Data are from refs. 1 and 2 and supporting information (SI) Text.

Fig. 2. Cumulative amount of land under the NFCP. The dashed line indicates
the goal for 2010. Data are from refs. 66 and 67.

Fig. 3. Cumulative amount of investment in NFCP (1998–2005). The dashed
line indicates the goal for 2010. Data are from refs. 66 and 67.
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in forest enterprises, eventually altering the employment and eco-
nomic structure in forestry. Among the 1.2 million logging and
processing workers impacted by the NFCP, about two-thirds of
them had retired or been transferred to other sectors by the end of
2002 (4). The dominant source of employment has shifted from
logging to forest management and plantation farming. In the
Chuannan Forestry Bureau and Ebian County of Sichuan Province,
for instance, the percentages of staff in forest management in-
creased from 0 and 13.1% in 1997 to 52.6% and 76.7% in 2001,
respectively (20). Although there was a decline in income from
forestry in some areas such as Longmenshan Township of Peng-
zhou County in Sichuan Province, total income increased because
of income from other sources such as tourism (21).

As the central government anticipated, the economic structure in
many forest enterprises has changed from timber production only
to multiple industries. Industries in China are classified in three
groups: (i) ‘‘first industry’’ includes agriculture, forestry, animal
husbandry, and fisheries; (ii) ‘‘second industry’’ includes mining;
manufacturing; the production and supply of electricity, natural gas,
and water; and construction; and (iii) ‘‘third industry’’ includes all
sectors that are not in the first or second industries (e.g., restaurants,
hotels, and entertainment) (22). The average output of the third
industry in 32 forest enterprises increased from 8.5% in 1997 to
20.1% in 2003 (13). However, for some enterprises, income from
the third industry decreased after the NFCP began. For example,
income from the third industry in the Chuannan Forestry Bureau
of Sichuan Province declined from 5.0 million yuan in 1997 to 1.1
million yuan in 2001 because of a reduction in wood-related market
activities (23, 24).

Despite changes in economic structure, many forest enterprises
have experienced hardship. Although retirees are covered by
government social security and pension systems (4), some enter-
prises cannot pay back their loans (25). By 2001, these loans reached
12.9 billion yuan, and unpaid salaries amounted to 860 million yuan.
In Sichuan Province, 1,172 wood-related industry enterprises and
154,000 employees were impacted (26). Forestry workers depen-
dent on income from timber harvesting suffered big economic
losses. For instance, 55,000 people in Taijiang County of Guizhou
Province lost �6 million yuan. This loss pushed some local forestry
workers below the poverty line (27).

The NFCP has created budgetary burdens on some local gov-
ernments (26) because of partial funding responsibilities, resulting
in declines in local revenues (27, 28). For instance, from 1998 to
2001, the revenues in Yanbian County, Ebian County, Yanbian
Forestry Bureau and Chuannan Forestry Bureau of Sichuan Prov-
ince decreased by 9.7, 2.8, 3.7, and 32.0 million yuan, respectively;
whereas matching funds from local governments accounted for
13%, 44%, 21%, and 0.3% of the total investment from the central
government (20). Taijiang County of Guizhou Province was unable
to pay back a loan of 15.2 million yuan for developing a timber base
and had no funds for seedlings because of a decrease in commercial
timber revenues (27). However, in other places, such as those
reported in the three case studies in the northeast and southwest
(29), subsidies from the central government and other sources (e.g.,
tourism) have offset losses in timber revenues.

Grain to Green Program
Background and Goals. Conserving natural forests through the
NFCP is an important way to reduce soil erosion, but the most
important contributor to this erosion is farming on steep slopes
(30). In the Yangtze and Yellow river basins alone, nearly 4.3
million ha of cropland were on slopes of �25°. To complement the
effort of the NFCP, China initiated the GTGP, another large
ecosystem service payment policy, in 1999. Compared with the
NFCP, the GTGP started a year later but is broader in terms of
geographic extent (Fig. 1). The grain oversupply in the late 1990s
as well as China’s increasing financial capability provided a stable
foundation for implementing the GTGP (31).

The GTGP aims to increase vegetative cover by 32 million ha by
2010 (Fig. 4). Of this area, 14.7 million ha will be converted from
cropland on steep slopes back to forest and grassland (2). Slope
steepness, �15° in northwestern China and �25° elsewhere (32), is
the main criterion by which plots are chosen for inclusion in the
GTGP. The remaining portion of the 32 million ha of vegetative
cover will be created by afforesting barren land. In addition to the
primary goal of reducing environmental degradation, two associ-
ated goals with the GTGP are to alleviate poverty and to promote
local economic development (33).

The GTGP began its pilot study in three provinces (Sichuan,
Shanxi, and Gansu) in 1999 (Fig. 1). It was expanded to 17 provinces
in 2000 and finally to 25 provinces in 2002. The program focuses on
western China because of its ecological vulnerability since it con-
tains the headwaters of the Yangtze and Yellow rivers (Fig. 1) and
accounts for �80% of the total area identified with soil erosion
problems (�360 million ha). Furthermore, most desertification
(174 million ha), three quarters of the cropland with a slope �25°
(600 million ha), and 60% of the population under the poverty line
are in western China (2, 31).

Payments. Under the GTGP, the government offers farmers 2,250
and 1,500 kg of grain (or 3,150 and 2,100 yuan at 1.4 yuan per kg
of grain) per ha of converted cropland per year in the upper reach
of the Yangtze River Basin and in the upper and middle reaches of
the Yellow River Basin, respectively. In addition, 300 yuan/ha per
year for miscellaneous expenses and a one-time subsidy of 750
yuan/ha for seeds or seedlings are provided (34, 35). The duration
of subsidies depends on the outcome of cropland conversion: 2
years if the cropland is converted into grassland, 5 years if converted
into economic forests by using fruit trees, or 8 years if converted to
ecological forests by using tree species such as pine and black locust
(35). Furthermore, no taxes on the converted cropland are col-
lected (4).

By the end of 2005, �90 billion yuan had been invested in the
GTGP (Fig. 5). The GTGP began to receive more cumulative
investment than the NFCP did in 2004 when its budget amounted
to �10 billion yuan more than that of the NFCP (Figs. 3 and 5). The
planned total investment in the GTGP will reach 220 billion yuan
by 2010 (Fig. 5).

Ecological Effects. Similar to those of the NFCP, measures of the
GTGP ecological effects are generally those immediately observ-
able: the amount of land converted and afforested, and the changes
in vegetative cover, water surface runoff, and soil erosion. Ecosys-
tem service changes on large scales, such as flood control, are
mainly inferred from changes in immediately observable factors.

By the end of 2006, the GTGP had converted almost 9 million ha
of cropland into forest/grassland and had afforested 11.7 million ha
of barren land (Fig. 4). In Guizhou Province alone, the forested area
increased by 952,000 ha (5.5%) between 2000 and 2005 (36). The

Fig. 4. Cumulative amount of land under the GTGP. The dashed line indi-
cates the goal for 2010. Data are from refs. 66 and 67.
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total amount of converted cropland nationwide is higher than the
quota for conversion set by the central government (4). Further-
more, the total amount of GTGP land has exceeded the total
amount of NFCP land since 2002, with the difference increasing
over time (Figs. 2 and 4). The statistics of the State Forestry
Administration suggest that forest cover within the GTGP region
has increased 2% during 8 years.

The GTGP reduces surface runoff and soil erosion. In Hunan
Province, for instance, between 2000 (when the program began)
and 2005, soil erosion declined by 30%, and surface runoff dropped
�20% (37). In 14 counties of Sichuan Province from 1998 to 2003,
the forested area increased by 113,100 ha (12.7% of forested area
in 14 counties in 2003), and the area affected by soil erosion was
reduced 10% (from 13,528 to 12,171 km2) (38). In Zigui County of
the Three Gorges Reservoir Region of Hubei Province (Fig. 1),
3,085 ha of cropland (8.1% of total cropland in Zigui County) were
converted to forest in 2000, lowering soil erosion by 54,900 tons/year
during 2000–2005. Five years after GTGP implementation, con-
verted plots reduced surface runoff by 75–85% and soil erosion by
85–96% compared with cropland on steep slopes without the
GTGP (39).

The program also improves the physical properties of soil struc-
ture and reduces nutrient loss for maintaining soil fertility and
lowering river sediments. In the Chaigou Watershed of Wuqi
County of Shaanxi Province, the average soil moisture and mois-
ture-holding capacity in GTGP plots after 5 years were 48% and
55% greater, respectively, than those in non-GTGP plots (40, 41).
In Guizhou Province, loss of phosphorus was 35–53% less in GTGP
plots after 2–4 years than in non-GTGP plots (41).

The GTGP conserves water resources and reduces desertifica-
tion. For example, 516,000 m3 of water were saved in 2003 through
reduced irrigation on 4,300 ha of GTGP land in Minqin County of
Gansu Province (42), an area where the rate of desertification has
dropped (42) because tree stems and leaves can absorb dust in the
air, reduce wind speed on the soil surface by 30–50%, and increase
air humidity by 15–25% (42).

Although vegetative cover and forested area have increased (36,
40), diversity of tree species chosen for the GTGP is typically low,
and the tree species planted may not be the same as the original
local species. Although the specific species planted (e.g., black
locust, larch, and poplar) may vary across the GTGP region, GTGP
land in many places is often dominated by a single or a few tree
species. For instance, in Jiangxi Province, 60% of the converted
land in 2006 was planted with Oil Camellia. In Henan Province
during 2000–2005, poplar accounted for 40% of the reforested area,
whereas other species accounted for �2% and fruit trees were
planted on the remaining area.

Socioeconomic Effects. The GTGP has generated more positive
socioeconomic impacts than the NFCP. Unlike the NFCP, which
has cut off income from timber harvesting for many forest workers,
the GTGP has helped alleviate poverty. The GTGP has directly
benefited 120 million farmers in �30 million households nation-
wide, whereas the NFCP has directly affected only hundreds of
state-owned forest enterprises and indirectly impacted numerous
households. The GTGP has improved the socioeconomic well-
being of participating households in most areas (44). The vast
majority of households surveyed were happy with the GTGP
(33, 45).

This program has helped numerous farmers to change their
income structure by shifting from farming to other activities. In
Wuqi County of Shaanxi Province, for instance, 15,000 farmers
switched from farming to mainly construction, transportation, and
restaurant businesses between 1998 and 2003 after reforesting
103,700 ha of their cropland (46). The GTGP has generated a large
number of surplus laborers and prompted many of them to seek jobs
in cities, contributing to and facilitating the surge in migrant labor
across China. For example, in Guizhou Province, the number of
migrant workers increased 48% (from 2.2 to 3.1 million) between
2000 (before the GTGP) and 2005 (36). In Yiyang County of Jiangxi
Province, the proportion of income earned by migrant workers
increased from one-third in 2000 to one-half in 2002 (47).

Like the NFCP, the GTGP has created financial burdens for
many local governments. Because no taxes on the converted
cropland have been collected since the program’s inception and
agricultural taxes on the cultivated land are now also exempted,
local governments lose tax revenues (4, 48). The central government
provides only partial subsidies to local governments and has stated
that other expenses for the GTGP implementation (e.g., monitor-
ing and grain transportation) must be covered by them (24). The
degree of loss depends on the region. In Kangding County of
Sichuan Province, for example, local government income decreased
28% to 15 million yuan during 1999–2001 (49).

The economic value of the ecosystem services produced by the
GTGP is estimated to be very large, but the estimation methods are
somewhat controversial. For instance, the total economic value of
ecosystem services 4 years after GTGP implementation in the
55,300-ha GTGP land of Zhangjiajie in Hunan Province was 428
million yuan, which is 11 times higher than the amount of direct
income from the same land in 2000 (before the GTGP). This value
includes ecosystem productivity, tourism, biodiversity, water and
soil conservation, and pollution reduction (50). In Wuqi County of
Shaanxi Province, the estimated economic value from the first 6
years of the GTGP was 2.48 billion yuan (51).

Opportunities, Challenges, and Recommendations
Both the NFCP and the GTGP have led to a series of accomplish-
ments, but the originally planned duration of subsidies is too short
for forests to recover fully or for trees to grow large enough to yield
sufficient harvest and income to offset losses from the converted
land (2). Many studies have indicated that if subsidies end, it is
possible that some of the converted forest and grassland will be
converted back to cropland (45) and natural forests will be logged
again (52). Considering these and other factors, the central gov-
ernment has recently extended the GTGP for another cycle of 2–8
years. The years of extension are exactly the same as those in the
initial program: 2, 5, and 8 years if the cropland is converted into
grassland, economic forests, and ecological forests, respectively.
The annual payments during the extension will be half of the
amounts in the initial program (53), but the 300 yuan/ha per year
for miscellaneous expenses will remain the same (53). The planned
investment in the GTGP for the second cycle is �210 billion yuan,
and the total investment in the GTGP will be �430 billion yuan. It
is possible that the NFCP also will be extended to achieve the goals
established for the program by 2010 (Figs. 2 and 3) and 2050.

Fig. 5. Cumulative amount of investment in the GTGP from 1999 to 2005.
Because data on separate investment in the GTGP for 1999 and 2000 are not
available, the combined amount of investment during these 2 years is shown in
2000. The dashed line indicates the goal for 2010. Data are from refs. 66 and 67.
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Although continuing these programs provides good opportuni-
ties for restoring and conserving ecosystem services, there are also
many challenges and unexpected outcomes as discussed above and
below. For instance, large gaps still exist between the achievements
so far and the goals set for 2010 (Figs. 2–5). However, the
experiences and lessons learned (13) from the policies on payments
for ecosystem services in the past several years have laid a good
foundation for their continuation and expansion. It is our hope that
the following recommendations will make future endeavors more
successful.

Systematic Planning. It would be more productive to carry out
systematic planning at multiple government levels. This requires
overall strategic planning at the central government level and
detailed planning at the local government level with better inte-
gration. Instead of taking the traditional top-down approach, more
input and feedback from local people affected by the policies should
be actively sought and incorporated into the decision-making
process.

Complementing the GTGP and NFCP with other conserva-
tion programs would improve the efficiency and effectiveness of
all programs. Other conservation programs include the other
four forest-related programs, the recently enacted forest eco-
compensation program for conserving forests (75 yuan/ha per
year) in ecologically sensitive areas (e.g., along river banks) (3),
and possible future ecosystem service payment programs. In
addition, linking the GTGP and NFCP with economic develop-
ment programs can help generate more alternative off-farm
income and thus reduce pressure on vulnerable ecosystems.

To make systematic planning sustainable and effective, laws
should consider all ecosystem services, their interrelationships,
and coordinated management. Although China already has
many laws related to natural resource management, most of
them were developed piecemeal and have resulted in conflicts
among laws for forests and other resources (e.g., grasslands, soil,
and water) (1, 54).

Diversified Funding. So far, the NFCP and GTGP have been largely
financed by the central government and have caused financial
hardships for some local governments. Establishing endowments
for ecosystem services would be helpful for sustainability of the
NFCP and GTGP, although annual government funds and contri-
butions from other stakeholders are still important for continuation
of these policies.

Market-based mechanisms (55) should also be explored with
assistance and support from the central government and other
stakeholders (54). The NFCP and GTGP have many beneficiaries
who could contribute to the payments, including hydropower
plants, insurance companies for flood and drought disasters, people
and businesses in the lower reaches of the Yangtze and Yellow river
basins, and even other countries (e.g., Japan, Korea, and the United
States) that benefit from an increase in vegetative cover to thwart
sandstorms originating in western China and improve carbon
sequestration (56).

Effective Compensation. The amount and duration of compensation
should be determined by multiple factors, including ecosystem
values, risks to ecosystem services, basic needs of affected stake-
holders, and benefits and costs across space and time. Current
payments for the two programs are relatively uniform across space
(33, 34), although there are large variations in the costs of imple-
menting the programs in different regions. In the past, annual
subsidies remained basically constant despite increases in market
prices of agricultural products over time. Market prices of agricul-
tural products also affect the opportunity cost of GTGP land. For
example, in Xiqu Township, Minqin County of Gansu Province,
farmers lost 3,852–4,000 yuan/ha partially because of increased
prices for agricultural products in 2003 (42).

The central government has included eco-compensation in Chi-
na’s 11th Five-Year Plan (2006–2010). The NFCP and GTGP
should be incorporated into the eco-compensation system to pro-
vide a legal basis for appropriate long-term payments to farmers so
that positive ecological effects of these programs can be sustained.

Offering job information and training to farmers and employees
of forest enterprises to develop new skills are indirect compensation
approaches and are sometimes more effective than grain and cash
(36). Providing households with off-farm skills can help transform
farmers and employees of forest enterprises from directly depend-
ing on the land to finding off-farm jobs or creating new businesses,
thus ultimately changing household economic structure and reduc-
ing dependence on compensation.

Interdisciplinary Research. Whereas many studies have assessed the
ecological and socioeconomic effects of the NFCP and GTGP, they
are mostly scattered, fragmented, short-term, and opportunistic.
For example, although both the NFCP and GTGP are concurrently
implemented in many regions (Fig. 1), they are rarely discussed
together (4, 54, 57). Little is known about their interactive effects.
Although both the NFCP and GTGP have significant ecological
and socioeconomic consequences, they are often evaluated by
ecologists and social scientists separately. As these policies affect
both ecosystems and humans, treating them as part of coupled
human and natural systems (58, 59) would produce new insights into
the complexity of the policies and their impacts.

The future successes of the NFCP and GTGP could benefit from
a national network of interdisciplinary research on ecosystem
services, with a particular focus on the NFCP and GTGP. The
network would coordinate and promote integrated social and
ecological research on important questions from local to national
levels. In addition to temporal comparisons (i.e., before/after the
NFCP and GTGP), using intervention analysis (60) would allow for
more rigorous experimental approaches (e.g., treatment, with the
NFCP and/or GTGP, vs. control, without the NFCP and GTGP) to
evaluate outcomes of these programs. Spatially explicit modeling
tools can help evaluate long-term ecological and socioeconomic
impacts under various policy scenarios (61, 62).

Comprehensive Monitoring. Comprehensive monitoring can help
provide timely feedback for adjusting and refining large programs
such as the GTGP and NFCP. Many advanced tools are available
for comprehensive monitoring. High-resolution remote-sensing
data (e.g., IKONOS and QuickBird) can be useful (63–65), because
they can detect many ecological effects across large areas efficiently
and quickly. Also, frequent surveys of various stakeholders can
generate timely information on socioeconomic effects. In some
NFCP and GTGP regions, some local officials have exaggerated
reports on the amounts of cropland converted into forest or
grassland to receive higher payments. A combination of remote-
sensing data, social surveys, or third-party involvement could help
ensure accurate reporting. A web-based nationwide database would
facilitate the synthesis and dissemination of all relevant information
(including detailed research and monitoring methods) for adaptive
management of these programs.

Concluding Remarks
Despite the relatively short time since the NFCP and GTGP began,
both programs have already demonstrated substantial ecological
and socioeconomic impacts. Some goals (e.g., converting cropland
to forest/grassland) have been overachieved, some (e.g., the logging
ban) have been achieved, and some are still in progress. Although
the programs have produced many positive ecological and socio-
economic outcomes, they have also generated some negative con-
sequences. Whereas some socioeconomic effects are negative in the
short run, structural changes in forestry and agriculture may
ultimately benefit forest workers, farmers and other stakeholders.
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The impacts of these programs will be larger in the future as they
continue and as ecosystems recover.

To make the GTGP and NFCP more successful, it is essential to
develop and adopt new strategies to overcome their shortcomings
and enhance their potential. These two programs provide impor-
tant insights regarding opportunities and challenges in the devel-
opment, implementation, and sustainability of similar ecosystem
service payment programs, at present and in the future, both inside
China and around the world.

Additional references can be found in SI Text.
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Ecosystem service approaches to conservation are being champi-
oned as a new strategy for conservation, under the hypothesis that
they will broaden and deepen support for biodiversity protection.
Where traditional approaches focus on setting aside land by
purchasing property rights, ecosystem service approaches aim to
engage a much wider range of places, people, policies, and finan-
cial resources in conservation. This is particularly important given
projected intensification of human impacts, with rapid growth in
population size and individual aspirations. Here we use field
research on 34 ecosystem service (ES) projects and 26 traditional
biodiversity (BD) projects from the Western Hemisphere to test
whether ecosystem service approaches show signs of realizing
their putative potential. We find that the ES projects attract on
average more than four times as much funding through greater
corporate sponsorship and use of a wider variety of finance tools
than BD projects. ES projects are also more likely to encompass
working landscapes and the people in them. We also show that,
despite previous concern, ES projects not only expand opportuni-
ties for conservation, but they are no less likely than BD projects to
include or create protected areas. Moreover, they do not draw
down limited financial resources for conservation but rather en-
gage a more diverse set of funders. We also found, however, that
monitoring of conservation outcomes in both cases is so infrequent
that it is impossible to assess the effectiveness of either ES or BD
approaches.

conservation ! conservation organizations ! protected area !
working landscapes

Ecosystem service approaches to conservation offer a prom-
ising way to align conservation and production, simulta-

neously enhancing human well being and protecting Earth’s
biodiversity and life-support systems (1–10). Developing market-
based mechanisms for ecosystem services by ascribing them
value, both economic and social, may help diminish poverty and
improve human welfare (11–15). These approaches offer hope
for making conservation mainstream, by enlisting the support of
a greater number and variety of funders and partners, by
spanning the continuum of ‘‘wild’’ to human-dominated places,
and by broadening the financial and institutional approaches
used for conservation. At the same time, there is a risk that by
straying from a pure focus on nature reserves and biodiversity,
conservation projects that address ecosystem services may de-
tract from biodiversity protection (16).

Previous research and reviews have demonstrated the use of
specific tools for including ecosystem services in conservation
(e.g., 11, 17, 18). Here, we provide the first quantitative com-
parison of conservation projects focused in part on ecosystem
services (ES) and those oriented more traditionally around
biodiversity (BD) alone. Our aim is to test whether ecosystem
service projects attract new and more diverse financial support
and to explore other differences between these two project types.
In particular, we ask whether ecosystem service projects expand
conservation options (finance tools, actions, and landscapes)
without neglecting traditional approaches (maintaining and cre-

ating protected areas). There is great need for such understand-
ing, given the rapid development and deployment of ecosystem
service approaches globally.

We conducted a case study of The Nature Conservancy
(TNC), the world’s largest conservation organization investing
more than $700 million annually in conservation in more than 30
countries on five continents. Using only TNC projects provides
a relatively large and homogeneous sample of conservation
efforts, all following the same methodology and all reporting
their project design with the same terminology and framework
(‘‘conservation by design’’; see ref. 19). Additionally, TNC
maintains a project database that can be searched by geographic
region so sampling is unbiased without regard to success or other
attributes.

We developed a database (supporting information (SI) Ap-
pendix) of biodiversity-oriented (BD) and ecosystem service-
oriented (ES) projects focusing on the Western Hemisphere
because of the longevity of TNC investments in this area—the
United States since 1954 and Latin America for almost 30 yr.
(Only within the last decade has TNC started working beyond
the Western Hemisphere.) TNC projects are sustained efforts at
protecting species, habitats, or community types following ex-
plicit conservation objectives. All projects entail a written de-
scription of the strategies used to accomplish conservation,
ranging from the establishment of a nature reserve or the
purchase of conservation easements to advocacy for local zoning
laws that restrict certain land uses. All have biodiversity goals or
focal species or habitats (etc.) they aim to protect.

For our study, we defined projects with only biodiversity goals
as ‘‘BD projects.’’ ‘‘ES projects’’ are those that have biodiversity
goals, but in addition have an explicit goal or strategy of at least
one ecosystem service such as water purification, carbon seques-
tration, and opportunity for ecotourism. To be an ES project,
reference to an ecosystem service must be explicit. This is not an
outcome-based definition but rather a process-based one.

TNC works via partnership: the project participants in our
database include 8 private corporations; 32 federal, 29 state, and
24 local government agencies; 67 nongovernmental organiza-
tions (NGOs); 12 universities; and 2 private landowners. The
NGOs range from national (e.g., Trópico in Bolivia) to multi-
lateral organizations (e.g., the World Bank). Thus, a focus on
TNC actually draws from the ES and BD conservation efforts of
a global array of institutions.

We collected information about project strategy and structure
through a series of semistructured, open-ended interviews
[rather than surveys because interviews are more appropriate for
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capturing details and nuances in case studies (20)] of TNC
personnel and partners to determine characteristics of on-the-
ground implementation of ES and BD projects. Attributes
included goals (both broad and specific goals such as species,
habitats, and services targeted), partners, funding, landscapes
encompassed, activities promoted, and monitoring involved (SI
Appendix). All recorded information was checked by the inter-
viewee in the database. We sampled 60 projects: 34 ES and 26
BD with a relatively similar geographic breakdown to account
for differences in project implementation based on geography.
For ES projects, 35% were in South America, 24% in Meso-
America and Caribbean region, and 41% in the United States;
BD projects were 28%, 16%, and 56%, respectively. We had a
74% response rate of contacts responding to our interview
request. Our initial sampling aimed for 30 projects of each type,
but four of the BD projects sampled turned out to be ES projects
during interviewing.

For the subset of ES (n ! 17) and BD (n ! 16) projects for
which we received exact funding information, ES projects, on
average, obtain more than four times the revenue of BD projects
(one-way ANOVA, F1,33 ! 5.57; df ! 1; P ! 0.02). Looking at
our full sample of projects, ES projects also have significantly
more funders [3.16 " 2.03 (mean " SD)] than do BD projects
(2.24 " 1.88) (Wilcoxon–Mann–Whitney U test; !2

1 ! 6.32;
P ! 0.012).

Although we cannot determine why ES projects received more
money from more sources, it is evident that ES projects are more
successful at securing corporate funding. On a per-project basis,
ES projects have at least one corporate funder nearly three times
more often than BD projects (P ! 0.009, n ! 57). ES projects
also engaged significantly more corporate funders overall (27%
of funders) as compared with BD projects (7% of funders) (Fig.
1a; P ! 0.010, n ! 57). In addition, again focusing on projects
with exact financial breakdowns, on average ES projects received
much more (42%) of their funding on a per project basis from
corporate sources compared with BD projects (14%) (Fig. 1b;
P ! 0.023, n ! 33).

In addition to funding sources, the actual finance tools (e.g.,
purchasing land rights, selling carbon credits, designing new
subsidies, etc.) used as incentives to advance conservation are
important. When no finance tools are used, conservation is
imposed without any compensation to affected parties. A total
absence of finance tools is almost eight times more common in
BD than in ES projects (Fig. 2; 23% versus 3%, Pearson !2

1 !

5.80, P ! 0.02); the difference is even more dramatic outside the
United States where 50% of BD projects used no finance tool
compared with 5% of ES projects (Pearson !2

1 ! 8.89, P !
0.003) (Fig. S1). ES projects also draw on a broader portfolio of
finance tools. Traditionally, conservation organizations have
relied on land purchase and purchase of property rights (ease-
ments) (21), both of which are expensive and can be restrictive
outside the United States where many such organizations cannot
own property. BD projects employ land purchasing 1.5 times and
easements almost 2.5 times more often (Fig. 2; Pearson !2

1 !
7.27, P ! 0.007) than ES projects. Additionally, ES projects use
markets (e.g., creating carbon credits, mitigation banking, or-
ganic products) and user access fees (e.g., water use or ecotour-
ism) significantly more frequently than BD projects (Fig. 2;
Pearson !2

1 ! 3.79, P ! 0.052 and !2
1 ! 7.06, P ! 0.008,

respectively).

Fig. 1. Project funding information. Corporate funders are private, for-profit organizations. Federal, state, and local funders refer to levels of government.
Nonprofit donors are nongovernment organizations. Education donors have a connection to a university, and private individuals refer to private landowner
donations. (a) Proportion of funder types by project type. On average, 27% of funders are corporate for ES projects whereas only 8% are for BD projects (P !
0.010, n ! 57 using 9,999 permutations in a randomization experiment). (b) The subset (17 ES, 16 BD) of projects with exact funding information and the average
percentage of overall funding coming from the different funding sources. ES projects have significantly more revenue sources overall, particularly from corporate
sources, and on average, an ES project receives 42% of its funding from corporate sources compared with an average of 14% for BD projects (P ! 0.023, n ! 33).
*, P # 0.05; **, P # 0.01. The error bars represent SD.

Fig. 2. Greater diversity and number of finance tools are used in ES projects.
Easement purchase involves purchase of particular property rights. The other
markets category includes carbon credits, mitigation banking, habitat bank-
ing, and specialized-product markets (e.g., organic products). Taxes and sub-
sidies involve creating new as well as redistributing existing ones. User fees are
for water or ecotourism. Projects that use no finance tools are also indicated.
More than 50% of BD projects use land and easement purchasing whereas
#40% of ES project purchase land and #25% purchase easements. Targeting
ecosystem services opens up the ability to use finance tools such as markets
(almost 40% of ES projects use a market) and user access fees (almost 25% use
this finance tool). In general, ES projects use more finance tools ($97% use at
least one tool) than BD projects (only %75% use one, mostly in the United
States). *, P # 0.05; **, P # 0.01.
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Both ES and BD projects employ a wide range of institutional
tools (defined as changing or creating policy or altering a law).
These institutional tools include creating or redistributing a tax,
subsidy, and/or a fee. They also encompass legal alteration of
ownership rights, development rights, or administration rights.
Within the Unites States, BD projects rely heavily on land
purchase and do not emphasize institutional change (only 30%
of BD projects in the United States work to affect policy). In
contrast, significantly more ES projects, 70% in total, alter
an institutional policy (Fig. S1; Pearson !2

1 ! 5.14, P ! 0.023). In
the United States, some of these institutional policy changes
in ES projects include changing ownership rights of a dam to
allow decommissioning, selling rights to carbon credits, and
being granted access rights to particular forests. In Latin Amer-
ica, one recent example is changing administration rights but not
ownership rights of a park from public control to nonprofit
control. Affecting policy will likely lead to project longevity
because it institutionalizes conservation efforts.

Given the changes ES projects bring to conservation practice,
it is important to ask whether these projects fail to address the
conservation of protected areas. The answer is no. We consid-
ered enforcing legal protection, designating new protected areas,
or hiring park guards as means of protected area conservation
and found no significant difference between the proportions of
projects engaging in these strategies (Fig. 3). Overall, 76% of ES
projects and 92% of BD projects engage in at least one protected
area strategy.

Although ES and BD projects have similar commitments to
protected areas, ES projects differ in also pursuing conservation
outside reserves, a strategy limited by both political and socio-
economic constraints (22). Conservation outside reserves is also
critically important given continuing rapid growth of both the
human population and human-dominated lands (2) and has been
the subject of a larger debate (for example, see ref. 23).
Agricultural and pasture lands represent %40% of global land
surface (24), and these lands can provide important contribu-
tions to biodiversity protection (25). It is striking the extent to
which ES projects target agricultural lands compared with BD
projects (75% and 46%, respectively; Pearson !2

1 ! 5.83, P !
0.012) (Fig. 4). Approximately 44% of ES projects initiate
sustainable agriculture (e.g., introduce contour plowing, con-
servation tillage, organic farming, etc.) as a strategy for achiev-
ing sustainable human activity within the project area. By
contrast, #20% of BD projects maintain any agriculture in the

project area, aiming to prevent direct human use (Pearson !2
1 !

4.11; P ! 0.043). Both ES projects and BD projects work with
private landowners, but significantly more ES projects keep land
in private ownership rather than negotiating a land purchase
(Pearson !2

1 ! 4.52; P ! 0.034) (Fig. 4 and SI Appendix). Both
BD and ES projects invest in protection, but ES projects are
significantly more likely to invest in working landscapes, invest-
ments critical for conservation success.

ES projects are being implemented exactly as one might expect
given the link between ecosystem services and human well being.
Compared with BD projects, ES projects are obtaining greater
revenue overall and more funding from corporate sources, using
a wider variety of financial incentives, and giving much more
attention to private lands, especially those used for agriculture.
This final point emphasizes the essential role ES projects will
likely play in the future because agricultural lands are projected
to expand by at least 120 million hectares by 2030 (26). Pursuing
conservation in pristine and working landscapes will be essential,
and ecosystem services give us a tool to use in both.

The ultimate question is whether either of these strategies is
enhancing biodiversity—the mission of TNC and many other
conservation organizations. Our sample of 60 BD and ES
projects revealed that #20% of all projects are doing compre-
hensive monitoring (systematic monitoring geared to at least two
desired outcomes/goals). Most of the biodiversity monitoring
involved sampling the change in abundance of a particular
species of rare plant or animal over time. In addition, only 26%
of ES projects are monitoring any ecosystem service outcomes,
and the vast majority of this monitoring involves ensuring that
carbon projects meet their targets, and nothing beyond that.
Thus, we do not have the data to assess whether either ES or BD
projects are delivering their conservation promises.

The absence of measures for monitoring conservation projects
is widely appreciated (27), but ours is one of the first quantitative
reports of what proportion of projects do monitor. Although the
data we report show that ES projects are broadening the scope
and support for conservation, the question of outcomes is
critical. In many cases public funds and taxes are being used to
finance ecosystem service projects with the promise of better
services being delivered to people. If we fail to monitor and
evaluate the delivery of ecosystem services, we risk alienating the
new support base that ecosystem service approaches are bringing
to conservation.

Fig. 3. Types of preservation activities used in ES and BD projects. There is no
significant difference between investments in enforcing legal protection of
previously designated protected areas, designating new protected areas for
conservation, and hiring park guards (77%, 56%, 19%, respectively, of ES
projects; 59%, 73%, 21%, respectively, of BD projects) to ensure protected
areas are properly managed (Pearson !2

1 ! 1.88, P ! 0.17; !2
1 ! 2.17, P ! 0.14;

!2
1 ! 2.24, P ! 0.13, respectively).

Fig. 4. Types of landscapes and landowners included in ES and BD projects.
Projects that initiate sustainable agriculture introduce sustainable techniques
(such as contour farming, no till, organic crops). Projects that maintain private
landownership involve no private land purchasing within the project area.
Land starts as private and remains private. Significantly more ES projects
target agricultural landscapes (75% compared with 46% of BD projects)
initially. More ES projects also work to maintain human use by initiating
sustainable agriculture (44%) and maintaining private landownership (50%)
as opposed to BD projects (#20% initiate sustainable agriculture and only
23% maintain private ownership). *, significant P # 0.05.
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Materials and Methods
Data Sampling. From November 2006 to July 2007, we interviewed relevant
personnel (such as project managers and field coordinators) at The Nature
Conservancy (TNC) both in person and over the phone to sample a variety of
ecosystem service and biodiversity projects. When TNC’s role in a project was
relatively peripheral, we talked with key partners. We conducted $70 inter-
views and sampled 60 projects: 34 ES projects and 26 BD projects. We limited
our sampling to three TNC regions: South America, Meso-America, and the
Caribbean (which includes Mexico), and the United States.

For ES projects, we tried to sample comprehensively because, compared
with BD projects, there are relatively few. TNC traditionally and presently
focuses on biodiversity projects with hundreds of such projects ongoing. ES
projects, on the other hand, are far fewer, and we attempted to sample as
many of such projects as exist in the Western Hemisphere. Most ES projects at
TNC started within the last decade and many in the last 5 yr. To comprehen-
sively sample ES projects we used email correspondence with each regional
director (as defined by TNC) asking for project managers to contact us if they
had a project in the region they considered an ES project. We also then used
a snowballing technique, where project managers would tell us about other
projects they knew of, to acquire other ES projects that did not appear in the
first sampling. The request was sent out with an outline of our definition of an
ES project. We sent around this request twice to each region.

To sample the vast array of BD projects, we used TNC’s basic repository of
projects to randomly select 40 projects all of which had a project start date of
1990 or more recently as this was as old as the oldest ecosystem service project.
We used a random number generator to select projects. We used a stratified
random sampling technique to ensure relevant and accurate coverage of
projects in the three main regions of study and to ensure a similar geographic
breakdown of projects to the ES projects. We originally tried to sample the
same number of ES and BD projects. Because we found 30 ES projects, we
randomly selected 30 BD projects. Upon conducting interviews, however, we
found that four projects that appeared to be BD projects were actually ES
projects by our definition.

For each project, we conducted a semistructured interview based on a
database we designed to assess, analyze, and compare the projects across a
variety of different characteristics (see Interview Protocol in SI Appendix). We
chose an interview approach rather than a survey approach to enable an
in-depth and rigorous comparison of the two conservation approaches (18).
Semistructured interviews help minimize the amount of information left up to
interpretation. We were able to explain terminology and ensure that inter-
viewees were answering the intended question.

We sampled for information about project goals; targets (species, habitat,
ecosystem services); threats; partners and partner motivations; funding infor-
mation (who and why); types of landowners, land uses, and land covers

involved; financial, institutional, and social tools used; on-the-ground conser-
vation activities in use; details on who pays and who receives payment for
ecosystem services, when relevant; types of monitoring and policy analysis
used; and lessons learned. Interviews were conducted in person (27 projects)
or over the phone (33 projects) and lasted anywhere between 45 min and 6 h
(if a tour of the project site was involved). Interview transcripts based on notes
taken during the interview were used to upload the information into the
database. R.L.G. was responsible for all interviews, note taking, and data entry
thereby eliminating inconsistencies in the data collection process.

The database was designed for both quantitative and qualitative data.
Quantitatively, the database consists of a series of checkbox sets defining a
range of possible outcomes for a given project characteristic (see Checkbox
Definitions in SI Appendix). For example, we created a list of possible threats
a project could combat (based on the International Union for Conservation of
Nature threat list that TNC uses for their project definitions) and incorporated
this list as a checkbox set within the database where for each project we
‘‘checked’’ all applicable threats. These sets were coded to record presence/
absence of project characteristics as well as summations of various attributes
(e.g., total number of corporate donors).

Qualitatively, the database has a number of ‘‘fill-in’’ boxes in which text can
be entered to capture the more nuanced, unique features of each project (see
Fill-In Box Definitions in SI Appendix). All checkboxes and fill-in boxes were
completed by using interview transcripts.

After completion of interviews in July 2007, each project entry was sent to
the interviewee(s) for him/her to approve and correct, as appropriate. Based
on these responses, the database was updated and changed to better reflect
the actual project.

Data Analysis. Categorical presence/absence data were analyzed by using the
Pearson !2 test appropriate for this sample size (28) in JMP version 5.0.1.2 (29).
Summary data of total project funding by project type used a one-way ANOVA
after a log transformation to normalize the data (29). We assessed the
independence of our project types based on likelihood of corporate funding
and amount of total funding from corporate sources using a one-tailed
probability distribution permutation test with 9,999 permutations coded in
MATLAB following Sokal and Rohlf (30).
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