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Hosted by the MIT-USGS Science Impact Collaborative (MUSIC) 
Massachusetts Institute of Technology (MIT), Cambridge, MA 
April 15, 2008 
 
In association with 
 
A Conference on Ecosystem Services (ACES) 
ACES 2008: Using Science for Decision Making in Dynamic Systems 

Summary Report5 

The production, location, use, and value of ecosystem services have become an important factor 
in resource management. Decisions relating to resource conservation and restoration, as well as 
development, require an understanding of the services provided by natural systems and the response of 
these systems to natural and human-induced change. Increased demands for development and the 
resulting pressures on ecosystem services have lent urgency to the need for an improved understanding 
of the value of natural capital. However, resource management decisions are often made without 
considering the importance and value of services resulting from natural systems.  
 

This report summarizes the first of three preconference workshops associated with ACES 2008 
(A Conference on Ecosystem Services): Using Science for Decision Making in Dynamic Systems. This 
workshop explored how information on ecosystem services can be incorporated more effectively into 
conservation, restoration, resource management, and development decisions. Attendees developed a 
vision for a world in which ecosystem services information is included routinely and effectively in 
decision making. Here we provide a synthesis of the discussion at workshop 1, which was organized 
around the following questions:  (1) What is the problem? (2) What would have to happen ecologically 
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and geographically to make ecosystem services routinely and effectively used in decision making?   
(3) What would have to happen socioeconomically to make ecosystem services routinely and effectively 
used in decision making?  (4) What would have to happen institutionally to make ecosystem services 
routinely and effectively used in decision making?  (5) What would change if ecosystem services were 
routinely and effectively considered in conservation, restoration, resource management, and 
development decisions? (6) Synthesis—How can ecology, economics, and geography be integrated so 
that ecosystem services are routinely and effectively used in decision making?   

1. What is the problem?  
Ecosystem services are routinely produced in natural and managed systems. However, 

ecosystem and resource management, conservation, restoration, and development decisions are often 
made without considering ecosystem services or with imperfect information on the decisions’ possible 
impacts on the services. As a result, ecosystem services may be unexpectedly degraded, with significant 
monetary and non-monetary costs to society. The reasons that ecosystem services are not routinely 
considered in decision making can be grouped into four fundamental categories: (1) ecological,  
(2) geographic, (3) socioeconomic, and (4) institutional.  
 

Ecological. We do not have an adequate understanding of the ecological processes that produce 
ecosystem services. In addition, we acknowledge that there may be currently unrecognized or unutilized 
processes. Understanding the biophysical processes helps to predict the ecological effects of human and 
natural actions, both beneficial and detrimental, on the production of ecosystem services and is essential 
to evaluating management alternatives.  
 

Geographic. We do not fully understand the spatial and temporal dimensions of ecosystem 
service production, use, and values. Decisions made locally affect natural capital and services 
production elsewhere. Decision makers may not be aware of or concerned with the regional or global 
impact. 
 

Socioeconomic. We do not have adequate information on the monetary and non-monetary value 
of ecosystem services; we do not know how to value ecosystem services in dollars, or in social values or 
cultural terms. This leads to decisions that do not always consider the impact to ecosystem services, 
resulting in unexpected economic, social, or cultural repercussions, as well as shifting costs to future 
generations, other regions, or other stakeholders. 
 

Institutional. Institutional processes, structures, and instruments do not adequately facilitate the 
routine consideration of ecosystem services in decision making. In some cases, the ecosystem services 
are public goods, with property rights and externalities that impede the creation of markets and 
incentives for providing ecosystem services. The problem is less likely to exist for certain ecosystem 
goods, such as food, fiber, and fuel, which have established markets.  

2. What would have to happen ecologically and geographically to make 
ecosystem services routinely and effectively used in decision making?   

Spatially explicit ecosystem service analyses that integrate ecology, economics, and geography 
are necessary to understand and communicate the value, distribution, and interrelationships between 
ecosystem services and beneficiaries. Knowledge of the types and distributions of ecosystem services on 
the landscape is essential for assessing the value of ecosystem services, identifying the opportunities and 
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tradeoffs of alternative management actions, and providing a framework for evaluating future changes 
in climate, demography, and other drivers of change. 
 

Decision makers might consider environmental, economic, and social tradeoffs when making 
conservation, resource management, restoration, and development decisions. These decisions require the 
ability to visualize the spatial configuration of ecosystem services and those that produce and benefit 
from them. Understanding how ecosystem services are co-located on the landscape will help identify 
interrelationships between different ecosystem services (forest product production versus water quantity 
and quality regulation), and how these interrelationships affect economic and social objectives. Another 
important consideration is scale. Decision makers often focus at the local level and on the near term. 
Ecosystem service production may not respond as quickly to changes. Also, producers and beneficiaries 
tend to extend beyond local jurisdictions. Multiscale analyses provide a better understanding of the 
tradeoffs of alternative proposals on the production of ecosystem services.  
 

Geospatial analysis also improves our understanding of the cause and effect of human and 
natural actions on the production of ecosystem services. The ability to map the production, flow, 
consumption, or value of ecosystem services will require accurate geospatial accounting of which 
ecosystem services are provided by which ecosystems. It is also critical to identify the spatial and 
temporal scales at which those services are being produced and used, and the opportunities and threats 
to their continued existence. Further, the use of standardized definitions, classifications, and ecosystem 
maps will facilitate the effective use of ecosystem services in management and decision making. A 
better understanding of the geospatial units at which the services are provided would improve our ability 
to identify, measure, and value them. 

3. What would have to happen socioeconomically to make ecosystem services 
routinely and effectively used in decision making?   
 

The public values the freedom to use natural resources, but at the same time may reject the 
notion of paying for their use—and the very concept of applying economic values to ecosystem services 
may be perceived as contrary to some. More research is needed on intrinsic values, human behavior in 
relation to incentives, and the impact of ecosystem services information on behavior/motivation.  
 

Beyond valuation, we should be concerned with trade-offs, identifying ways to determine prices 
or valuation, the costs of technological alternatives, understanding the measurement of both outputs and 
risk, exploring the economic implications of linkages between services, understanding values as a 
method of ranking choices, and the needs of existing Federal processes and regulations. Economic 
concepts will be useful in designing conservation strategies and creating institutions that align 
incentives with ecosystem service values. In addition, research is needed to understand how services 
with public good characteristics, or which have externalities, can be more effectively priced and 
considered in decisions. Additional research is needed in understanding decision making under 
uncertainty and how processes such as adaptive management can be applied.  
 

To advance the use of ecosystem services information in decision making, we need to focus on 
providing information that is most relevant to the public and to decision makers. The development of 
improved models and tools to integrate the natural and social sciences is also needed.  
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4. What would have to happen institutionally to make ecosystem services 
routinely and effectively used in decision making?   

As is the case with geographic scales, there is no ideal institutional hierarchy or scale to facilitate 
the use of ecosystem services in decision making. Institutions will vary in both hierarchy and scale to 
accommodate the issues and the instruments selected to address them. Seemingly small-scale issues 
may, in fact, benefit from approaches that use watershed scales. For example, addressing the need to 
improve New York City’s drinking water quality evolved from localized water-treatment options to a 
large-scale, watershed approach. This large-scale approach required the institution of land-management 
changes in Upstate New York necessary to maintain and improve New York City’s drinking water 
quality.  
 

While the concept of ecosystem services may seem relatively novel, market-based and other 
institutional approaches have been used in decision making for decades. These efforts include using 
auctions, trading, and taxes to address air, water, and carbon issues and to allocate scarce fishery 
resources. The institutional structures necessary to facilitate considering ecosystem services are 
continually evolving to address complex and regional issues. The result has been institutional structures 
with hybrid governance, public/private partnerships, and business/private partnerships. Watershed 
councils represent one early form of this evolution. 
 

The institutional changes necessary to facilitate considering ecosystem services will require tools 
that are both market and non-market oriented. Market-based tools include taxes, cap and trade 
instruments, subsidies, and fees. Yet even these market-based instruments require regulation and a 
clearer sense of property rights and nuisance laws.  The courts will play a key role in making these 
determinations. Non-market mechanisms include regulations and enforcement measures, including 
penalties for noncompliance. Information, education, and monitoring are necessary for both market and 
non-market-based approaches.  
 

High-profile case studies demonstrate the potential benefits. These benefits can increase with 
continuing institutional evolution to meet changing markets and issues. Examples include the 
Conservation Reserve Program (CRP) to reduce soil erosion, wetland mitigation banking to address 
wetland losses, carbon trading to reduce global warming, and water banking to improve water quality 
and allocation. These programs use incentives to influence behavior and outcomes. 
 

Institutional issues to be addressed include: 
• Geographic and temporal scales for analyzing ecosystem services. 
• The potential for ecosystem service markets to be created locally and extended globally.  
• Consistency among Federal, State, and local laws concerning natural resources. 
• Consideration of long-term consequences.  
• Information sharing and cooperation among agencies. 
• Internalizing externalities to take into account what has traditionally not been valued. 
• Incorporating valuation of ecosystem services into the early stages of natural resource 

decision-making processes. 
• Using ecosystem service values to coordinate and improve compliance with air, water, land, 

and other resource-related laws. 
• Identifying and eliminating competing/conflicting regulations, policies, and market tools. 
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5. What would change if ecosystem services were routinely and effectively 
considered in conservation, restoration, resource management, and 
development decisions?  

Routine and effective use of ecosystem services information in decision making could have 
significant environmental, economic, and social consequences, resulting in more sustainable and 
resilient ecosystem processes for regulating air, water, and climate. Beyond simple carbon credits and 
satellite images, we envision a sophisticated worldwide system that accounts for ecosystem service 
outputs using an online database (for example, Google ecosystem services). Positive social effects 
include increased public awareness of the value of the natural capital that produces ecosystem services, 
and institutions flexible enough to take these values and functions into account. Human and ecosystem 
well-being could be effectively linked to decision making at local to global scales and environmental 
laws could explicitly consider natural capital and ecosystem services. Population centers could take on a 
more sustainable and lower impact structure. The positive economic effects would include allowing 
room for growth that does not interfere with basic ecosystem processes, ensuring inclusion of ecosystem 
services in market prices, allowing for payments to private landowners for producing ecosystem 
services, and recognizing values for aesthetic and cultural ecosystem services. 

6. Synthesis—How can ecology, economics, and geography be integrated so 
that ecosystem services are routinely and effectively used in decision making?   

Ecosystem services can be more effectively used in decision making if we: 
• Develop improved methods for mapping and valuing ecosystem services. 
• Understand the implications of using different geospatial units for ecosystem services 

mapping. 
• Develop a standardized list of ecosystem services, allowing for regional flexibility and 

differences. 
• Monitor and evaluate the effects of decisions on the quantity and value of ecosystem 

services. 
• Use interdisciplinary research approaches. 
• Include measures of uncertainty and risk in research and modeling results. 
• Use case studies or pilot projects to demonstrate the usefulness of ecosystem services. 
• Conduct cost-benefit analyses at multiple scales for projects affecting ecosystem services. 
• Experiment to identify the relative viability of different incentive structures. 
• Create “ecosystem services” performance standards for managers. 
• Promote ecosystem services as key to human well-being and achieving sustainability goals 

(Millennium Ecosystem Assessment). 
• Use existing extension and education agencies to improve public understanding of ecosystem 

services (incorporate ecosystem services into school books). 
• Develop decision and communication tools for conveying information about ecosystem 

services to decision makers. 
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