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           P
ayments for Ecosystem Services (PES) 

mechanisms leverage economic and 

social incentives to shape how peo-

ple influence natural processes and 

achieve conservation and sustain-

ability goals. Beneficiaries of nature’s 

goods and services pay owners or stewards 

of ecosystems that produce those services, 

with payments contingent on service provi-

sion ( 1,  2). Integrating scientific knowledge 

and methods into PES is critical ( 3,  4). Yet 

many projects are based on weak scientific 

foundations, and effectiveness is rarely evalu-

ated with the rigor necessary for scaling up 

and understanding the importance of these 

approaches as policy instruments and con-

servation tools ( 2,  5,  6). Part of the problem 

is the lack of simple, yet rigorous, scientific 

principles and guidelines to accommodate 

PES design and guide research 

and analyses that foster evalua-

tions of effectiveness ( 4). As sci-

entists and practitioners from government, 

nongovernment, academic, and finance in-

stitutions, we propose a set of such guide-

lines and principles.

Because PES mechanisms directly link 

payments to environmental performance, 

they are often viewed as more efficient al-

ternatives and complements to traditional 

regulatory or protection-based conservation 

approaches ( 5). Unlike the polluter-pays 

principle common to many environmental 

interventions, in PES, beneficiaries pay. 

PES beneficiaries can be governments, 

nongovernmental organizations, or private 

entities; owners or stewards can be govern-

ments, private, or communal land holders. 

PES interventions are increasingly used for 

securing nature’s services while conserving 

species, curtailing deforestation, mitigating 

climate change, and pursuing social objec-

tives such as sustainable livelihoods and 

poverty alleviation ( 3). Given the centrality 

of the ecosystem service framework to the 

Intergovernmental Platform for Biodiver-

sity and Ecosystem Services (IPBES), the 

Convention on Biological Diversity, and the 

United Nations Sustainable Development 

Goals, and the expectation of innovative 

financing mechanisms to achieve the Aichi 

Targets ( 6), ensuring the scientific integrity 

of PES will be extraordinarily important.

SCIENCE, PRACTICE, AND THE GAP. Ir-

respective of scale or complexity, whether 

national [e.g., Costa Rica’s PES program 

( 7)], regional [e.g., New York City’s and Mu-

nich’s water supply ( 8)], or smaller-scale 

efforts [e.g., community-scale biodiversity 

conservation in Cambodia ( 9)], identify-

ing whom to compensate, what to pay (i.e., 

money or other forms of incentives), how 

much to pay, the mechanisms for payment, 

and verification of service delivery are es-

sential social and economic components to 

PES ( 10,  11).

Although getting the social science right 

is critical for PES, we focus on the natural 

science because of growing concerns over 

scientific weaknesses ( 2,  5,  6,  12). Success 

of PES initiatives is reliant upon scientific 

knowledge of the ecosystem services of in-

terest, methods for verifying delivery of ser-

vices, establishing a relationship between 

natural resource practices and the genera-

tion of a service, the spatial and temporal 

scale at which the service is produced, and 

factors that may threaten the service or 

trade-offs with other beneficial nontarget 

services ( 13). If any of these basic principles 

are not considered, the ability of PES mech-

anisms to generate ecological and social 

benefits may be undermined ( 3,  14).

However, the scientific content of PES 

programs and projects varies enormously. 

Some of this is due to environmental ur-

gency or social and political expediency 

that can promote implementation in ad-

vance of scientific analyses ( 13,  15), the lack 

of sufficient scientific knowledge and data, 

or weak capacity and resources to monitor 

results and assess compliance ( 4,  9). Practi-

tioners are frequently better attuned than 

scientists to limited budgets, available tech-

nical capacity in environmental science, 

and knowledge gaps. Thus, disconnects 

often exist between science and practices 

developed by the research community and 

what is accessible and feasible in the field.

Reviews of designs, metrics, analytical 

methods, and perceptions of PES interven-

tions reveal a need for greater coordination 

among scientific researchers, practitioners, 

ecosystem service providers, and beneficia-

ries ( 5). Collecting metrics for ecosystem 

services varies enormously in cost, utility, 

and complexity. Without tools for identify-

ing the best and most affordable metrics, 

PES proponents may struggle to collect 

scientifically meaningful, cost-effective 

baseline data and implement effective mon-

itoring programs.

We developed a framework for integrat-

ing natural science into PES based on six 

natural science principles encompassing 

33 guidelines (see the table and the supple-

mentary materials). Based on the work on 

these issues in Asia, Africa, Europe, North 

America, South America, and Australia, 

the principles are designed to be applica-

ble across a range of ecological and social 

contexts. Although these principles were 

developed with a focus on PES, they may 

be useful for a range of market-based con-

servation instruments hampered by limited 

scientific evidence and empirical data on 

effectiveness ( 6). Many may apply to eco-

system service projects that do not include 

payment or incentives mechanisms.

We examined the degree to which active 

PES projects spanning several types of eco-

system services followed the principles and 

guidelines (see the supplementary materi-

als). Of the 118 projects we examined, 60% 

lacked adherence to the four principles (see 

table) deemed essential to ensuring scientific 

integrity in environmental interventions: (i) 

baseline data, (ii) monitoring of key environ-

mental factors and services, (iii) recognizing 

that ecosystems are dynamic, and (iv) inclu-

sion of metrics, specifially on risks such as 

climate change or invasive species.

The context-specific nature and market 

uncertainties surrounding PES ( 16) may 

make accommodating even these basic prin-

ciples difficult. Consideration of the princi-

ples is recommended even if resources or 

capacity do not permit extensive scientific 

measurement or analyses. The principles 

are designed so that they are not onerous to 
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address but, if considered to whatever de-

gree possible, can improve the likelihood of 

project success, support adaptive manage-

ment, help identify important knowledge 

gaps and potential areas of concern, and in-

crease investor confidence. The guidelines 

thus serve as a reference for evaluating 

project design and means for comparisons 

with other projects. There are also benefits 

to including traditional knowledge ( 17) that 

further iterations of these guidelines could 

accommodate.

ESTABLISHING STANDARDS. Given the 

increasing importance placed on PES 

mechanisms to address environmental ex-

ternalities and resolve conservation and de-

velopment trade-offs ( 1,  4,  18), international 

commitment is needed from donors, re-

searchers, and practitioners to test, refine, 

disseminate, and improve upon scientific 

guidelines and further develop tools, met-

rics, and methods. An international neutral 

body, such as the IPBES, would be an ideal 

coordinator for regular review and assess-

ment of science guidelines for PES and could 

establish an expert review board to oversee 

guidelines for improving PES design and 

implementation. In the interim, those de-

veloping PES or similar projects can follow 

our guidelines and report on their utility 

and areas for improvement. Through this 

process, PES project standards that provide 

technical guidance to project developers, 

assurance to investors, and templates for 

reporting will emerge as they have for other 

environmental programs, such as the Veri-

fied Carbon Standard; the Climate, Commu-

nity, and Biodiversity Alliance; the Business 

and Biodiversity Offsets Program; and vol-

untary standards maintained by the Inter-

national Organization for Standardization.

Challenges will remain for PES, such as 

pressure for simplicity and quick fixes, con-

tending with competing goals and multiple 

objectives, and dealing with policy- and 

decision-makers who often work at scales 

and time frames different from those of 

importance to scientists. Too often, science 

and practice are poorly linked in environ-

mental interventions. An inclusive process 

in developing, testing, and refining basic 

science principles will ensure greater suc-

cess of promising new approaches. ■.

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/347/6227/1206/suppl/DC
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PRINCIPLE:  Dynamics

OBJECTIVE: Ensure project capacity to adapt to dynamic 

natural and anthropogenic processes.

SCIENTIFIC GUIDELINES:

Identify key services for each service type beyond target services.

Identify spatiotemporal scales of targeted services.

Identify data needs, resources, and gaps.

Identify stressors and their spatiotemporal variability.

Identify and forecast trends in endogenous and exogenous threats.

Identify services’ production functions and sensitivities.

Determine trade-ofs and synergies among services.

Determine how functional diversity infuences resilience.

PRINCIPLE:  Baseline 

OBJECTIVE: Document initial conditions.

SCIENTIFIC GUIDELINES:

Measure infuences of interventions on services.

Measure status and trends of non-target services.

Ensure that measurements are feasible given resources.

Assess initial state of exogenous and endogenous threats to services.

Measure factors important for forecasting service trends.

PRINCIPLE: Multiple Services

OBJECTIVE: Recognize trade-ofs and synergies among services.

SCIENTIFIC GUIDELINES:

Assess how intervention infuences the other services.

Avoid “double counting.”

Assess impacts of intervention on non-target services.

PRINCIPLE:  Monitoring

OBJECTIVE:  Track factors necessary for management, trade, 

forecasting, and assessment.

SCIENTIFIC GUIDELINES:

Quantify deliverables associated with target services.

Identify spatiotemporal scales in advance of implementation.

Use established methods/protocols and best practices for monitoring.

Estimate uncertainties.

Monitoring should inform decision-making.

Monitoring should detect potential changes in baseline conditions.

Monitor non-target services that infuence target services.

PRINCIPLE:  Metrics

OBJECTIVE: Robust, efcient, and versatile methods for procuring data.

SCIENTIFIC GUIDELINES:

Must be relevant, reliable, and appropriate in scale.

Should comply with voluntary standards, certifcation and regulations.

Should refect spatiotemporal scales as identifed in Dynamics.

Optimize balance between precision and simplicity.

Assess progress (in conjunction with Baseline and Monitoring).

Establish benchmarks (in conjunction with Baseline and Monitoring).

Should measure both absolute changes and changes in trends.

Preferentially selected to allow comparisons across service types.

Assess how services infuence each other.

PRINCIPLE: Ecological Sustainability

OBJECTIVE: Insure project durability and sustainability.

SCIENTIFIC GUIDELINES:

Estimate short-term and long-term project or program performance.

Natural-science principles and guidelines for PES interventions
For an intervention to be successful, basic guidelines (blue) must be followed. Desirable guidelines (orange) should be followed. 
See the supplementary materials for further details.
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