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Introduction

T

he field of economics offers a conceptual framework for thinking
about interactions between humans and the natural world. Many
decisions regarding natural resources hinge on questions of how people value
these resources and how to make appropriate tradeoffs.
Economic analysis provides rigorous, well-developed methods and a useful set of decision-support tools for natural
resource management and policy.
The value of some natural resources or ecosystem services
such as fish catches and offshore energy generation are
commonly measured in dollars, while others such as clean
seawater and scenic coastal vistas are not usually bought
or sold. To many people, “economics” is synonymous with
dollars, price tags, and markets, but economists routinely
measure and analyze many types of values, including those
for resources or services that are not traded in marketplaces. Using economic methods, it is possible to examine
values and tradeoffs associated with such disparate ocean
resources as seabird nesting areas, seafloor mineral deposits, public beaches, eelgrass beds, piers, whales, fishing
grounds, and many others.
Since the earliest days of human society, the ocean has
been a vital source of food, transportation, spiritual fulfillment, recreation, and countless other goods and services.
Growth of the human population and technological
advances are driving a tremendous surge in the variety and
intensity of ways that people use and enjoy the ocean.

Joe Dunckley

People use the ocean and affect its health
in ever-increasing ways. The following
examples are listed alphabetically.
• Aquaculture
• Boating
• Climate change
• Desalinization facilities
• Development of coastal land (residential,
commercial, industrial)
• Dredging
• Fishing (commercial, recreational)
• Harbor and port development

The ocean is large but not inexhaustible, and tradeoffs
exist among its different uses. Most uses of the ocean affect
other uses, not only in the same place but elsewhere. For
example, construction of an offshore wind farm prevents
shipping and some types of fishing in affected areas, and
wind farm structures can alter scenic views from the
nearby coast. Given the mounting pressures on the ocean
and coast of these and other competing uses and values, a
key challenge is to balance human activities and environmental protection in a way that offers the greatest overall
benefit to society.

• Liquefied natural gas (LNG) terminals

In the United States, numerous federal, state, and local
government agencies manage human activities that affect
ocean and coastal ecosystems. Traditionally, these agencies

• Transportation (shipping, ferries)
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• Marine protected areas (MPAs)
• Offshore wind farms
• Petroleum extraction
• Pipelines and cables on seabed
• Sand and gravel mining
• Sewage disposal
• Swimming
• Tidal-energy facilities

• Whale watching



have managed resource by resource or
sector by sector with little coordination and without taking into account
the interconnectedness of ecological
and human systems. This approach has
allowed fisheries to collapse, polluted
water, created dead zones, and caused
other symptoms of an ocean in decline.

Ecosystem services are the benefits that people obtain from
ecosystems. Examples of ecosystem services from the ocean
and coast are recreational and commercial fish catches, coastal
storm protection, climate regulation, human-waste disposal,
biodiversity, and non-consumptive recreation such as whale
watching. Ecosystem services are also known as nature’s services.
Source: Millennium Ecosystem Assessment, www.maweb.org

Recognizing the need for a more
effective approach to ocean and coastal management, there have been increasing efforts to implement ecosystem-based management (EBM), also known as
integrated or holistic management. A core element of EBM is a focus on ecosystem services, the benefits that people obtain from the ocean. Implementation of
EBM requires an understanding of how the ocean provides ecosystem services;
how human activities affect ecosystem services; and how to weigh tradeoffs
among human activities in order to sustain ecosystem services.
Economic analysis can be a useful tool for key aspects of EBM:
• Quantifying the values of components of human and natural
systems, including natural resources and ecosystem services.
• Determining whether human activities result in gain or loss of
ecosystem service values.
• Clarifying and comparing tradeoffs that
occur when people use or affect the
ocean.
• Predicting how different groups of
people will respond to management
alternatives.
• Integrating human factors into ecological models to predict outcomes of
management actions.
• Planning management actions to generate the greatest overall benefit to society.
• Assessing progress toward management
goals.
Examples of economic tools relevant to EBM
include cost-benefit analysis (CBA), costeffectiveness analysis (CEA), economic-impact
analysis (EIA), and models using various types
of market and non-market data to quantify
values and predict behavior.

Ecosystem-based management (EBM) is an integrated
approach to management that considers the entire
ecosystem, including humans. Ecosystem-based
management:
• emphasizes the protection of ecosystem structure,
functioning, and key processes;
• is place-based, focusing on a specific ecosystem and
the range of activities affecting it;
• explicitly accounts for interconnectedness within
systems, recognizing the importance of interactions
among many target species or key services and other
non-target species;
• acknowledges interconnectedness among systems,
such as between air, land, and sea; and
• integrates ecological, social, economic, and
institutional perspectives, recognizing their strong
interdependences.
Source: McLeod, KL, J Lubchenco, SR Palumbi, and AA
Rosenberg. 2005. Scientific Consensus Statement on Marine
Ecosystem-Based Management. Communication Partnership
for Science and the Sea.

As with any type of scientific analysis, correct
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application and interpretation of economic analysis requires training and experience. This document provides an introduction to the use of economic analysis for EBM. If you are interested in learning more about relevant economic
concepts and tools, please see “Further Reading” at the end of this document.

Role of Economic Analysis in Ecosystem-Based Management

T

here is a growing consensus that ecosystem-based management
(EBM) could be more effective than current management systems,
which often fail to account for the ecological relationships in the ocean, the
cumulative impacts of human activities, and the tremendous variety of ocean
habitats and environmental conditions. Integrated management and planning
will become more urgent as the human population grows and with it concomitant stresses on coastal and ocean ecosystems. While the need for integrated
management is clear, effective ways to design and implement such policy are
sometimes less evident.
Ecosystem-based management has the potential to increase the overall, sustainable benefits that society receives from the ocean by encouraging compatible
activities, promoting better-aligned incentives among user groups, substituting
higher-value uses for lower-value uses, and eliminating or minimizing activities
whose harm to ecosystems is not justified by the benefits that they generate. To
realize such benefits, policymakers require
Market and Non-Market Values
accurate economic information and insight.
Some of the benefits, or ecosystem services, that people
This often includes predictions of the net
obtain from the ocean are bought and sold with a
economic benefits—defined as benefits
price tag, such as seafood and whale-watching tours.
These ecosystem services have market values that
minus costs—of policies and management
can be calculated with economic demand-and-supply
alternatives that would change the intensirelationships.
ty, location, and timing of human activities
Other valuable ecosystem services are not bought or sold,
affecting the ocean and coast.
The appropriate use of economic tools and
information can provide these estimates
and help ensure that management actions
lead to desired and expected results. The
field of environmental and natural resource
economics provides tools that are well suited to the analysis of EBM policy outcomes
and tradeoffs. While economics is not the
only perspective that one might take in
assessing EBM proposals—many natural and social sciences can offer relevant
insight—economic methods represent a

such as climate regulation by the ocean or erosion control
provided by a salt marsh. These ecosystem services have
non-market values that can be estimated using wellestablished economic methods.

Two broad categories of non-market values are use values
and non-use values. A use value can be determined for
many types of activities, such as swimming or sailing.
Non-use values are values that do not require observable
ocean uses. Examples include values derived from aesthetic
appreciation of ocean scenery or simply knowing that
whales exist.
Economic analyses using both market and non-market
valuation can help ensure that policies take into account
the full range and value of ecosystem services, even if the
goods or services involved are not traded in markets.
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critical component of the policy analyst’s toolbox. Without information from
economic analysis, management agencies risk taking actions that promote undesired consequences. Moreover, economic analysis can be used to develop creative
new solutions, such as win-win agreements among competing stakeholders, that
might not be evident in the absence of economic insight.
While rigorous evaluation of the costs and benefits of alternative uses of marine
resources is important, analysts need to be aware that in traditional management
situations such evaluations are often defined too narrowly. Analyses often fail
to account for the full range of outcomes that may arise because of the interconnectedness of human and natural systems. The narrow focus derives from
the traditional fragmentation of responsibilities among government agencies.
Economic analysis of particular actions and policies should attempt to identify
and quantify impacts that may reach beyond the issue of immediate concern.
Mandates to expand the scope of analysis—and the likelihood that broader
impacts will be considered in decision-making—will depend on reforms to the
ocean governance system.

Application of Economic Analysis to Massachusetts
Coastal Management: Three Examples
Offshore Wind Farms
Although the world’s commercial energy
production is dominated by non-renewable sources, the
importance of renewable energy resources is increasingly
recognized. Wind energy is among the more economically viable sources of renewable energy. Wind turbines
may be placed on land or offshore. Construction of
offshore wind parks is currently economically infeasible
beyond a certain depth, so they are typically built in
shallow waters close to shore.
Offshore wind turbines.
Despite the potential benefits of offshore wind energy,
some projects have faced resistance. Coastal residents
express concern that offshore wind turbines will blight
the ocean view, hurt property values, and drive away tourists. While many
environmentalists support offshore wind energy proposals, some believe marine
life and birds will suffer unacceptable harm. Other stakeholder concerns include
impacts on fisheries, recreational boating, and navigational safety.

Leo Reynolds

Regardless of one’s perspective, wind energy clearly involves tradeoffs. When
assessing tradeoffs, it is important to distinguish between those who receive
benefits and those who bear costs. While the benefits of wind-energy facilities
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Toolbox: Economic Analysis Frameworks
Cost-benefit analysis (CBA) is typically the most appropriate tool for providing
economic insights for ecosystem-based management. CBA can provide a holistic
assessment of the long-term net benefits and costs of projects or policies, including
market and non-market values. CBA can serve as an overarching framework for
determining values, weighing tradeoffs, deciding among options, and setting goals.
A partial CBA can be conducted if necessary due to funding or other constraints.
Cost-effectiveness analysis (CEA) has a more limited purpose than cost-benefit
analysis (CBA). Economists use CEA to determine the most cost-effective means of
achieving specified goals. Unlike CBA, CEA can be used only after goals have been
decided through legislation, prior consensus, or other means. The goal-setting
process may use CBA, and CEA is especially useful in conjunction with CBA. As
CEA typically requires fewer data and less time for analysis than CBA, CEA is worth
considering even when CBA is not practical due to funding or other constraints.
Economic-impact analysis (EIA) has a narrower focus and should not be considered
a substitute for CBA or CEA. EIA tracks the flow of money through an economy
and the cumulative effects of that spending. In many cases, people requesting
EIA are concerned with job creation or loss. EIA can also measure other changes
in economic activity, such as regional income and tax collections. However, the
variables measured in EIA generally do not reflect net economic benefits of a policy
decision or management action. In addition, EIA may not account for dynamics of
human behavior that affect actual outcomes. Most importantly for ecosystem-based
management, EIA cannot provide information about overall costs and benefits for
society; obtaining such information requires CBA.

are usually spread across a regional or global population—with each person
receiving a small benefit—the negative impacts, or costs, of such facilities often
are concentrated on relatively few people. This creates an imbalance that can
further complicate an appropriate balancing of benefits and costs within the
policy process; economics can help clarify these tradeoffs.
Various economic frameworks may be applied to the analysis of wind energy.
Studies conducted at wind-energy facilities worldwide demonstrate the types
of tradeoffs that may be expected. The Cape Wind project in Massachusetts is
one well-known example. This project seeks to install 130 large wind turbines in
Nantucket Sound, covering 25 square miles on the Horseshoe Shoals. Economists have conducted cost-benefit and economic-impact analyses, providing
different economic perspectives.
To conduct a cost-benefit analysis (CBA) for an offshore wind project, economists would analyze the full spectrum of effects on the economy, environment,
quality of life, aesthetics, and other market and non-market values. Examples of
benefits include those related to reduced dependence on imported fossil fuels;
lower emissions of climate-altering pollutants; and less need to provide other
forms of electrical generation. Examples of costs include those associated with
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the integration of wind-generated electricity into the regional power grid; loss of
access to the area for fishing and navigation; and construction and maintenance
of the wind farm. An appropriate and comprehensive CBA would provide a
complete characterization of the effects on market and non-market values.
In contrast, an economic-impact analysis (EIA) would focus on the spending
and regional economic impacts associated with the wind-power project. In an
EIA, economists would trace the expected flow of dollars associated with the
project and the cumulative impacts of that spending on jobs, tax revenues, and
regional income. These are not the same as economic benefits. Surprisingly, policies that increase jobs, tax revenues, and regional income can sometimes decrease
the economic benefits received by the public, once all effects are considered.
Nonetheless, economic impacts are often of interest to policymakers.

Beach Nourishment and
Offshore Sand Mining
Coastlines evolve over time, and their erosion is
part of larger natural processes. However, coastal erosion
can pose a threat to houses, roads, and other manmade
structures, and people have used various methods to
counter the loss of sand. In the past, the most common
approach was to build seawalls, groins, and breakwaters,
but these structures do not often solve the problem and
Winthrop Beach, Massachusetts.
may shift the erosion to nearby areas. It is also possible
to add sand to eroded beaches, an approach called beach
nourishment. In other cases, people prefer to accommodate natural erosion by
positioning buildings and other structures farther from the shoreline. This alternative is called shoreline retreat.

Rob Colonna

Beach nourishment projects are expensive and require careful planning. The use
of economic analysis methods can help decision-makers put public resources
to the best use. A long-term perspective is important when considering beach
nourishment projects, and it may be useful to help characterize the full economic implications of alternatives such as shoreline retreat.
In Massachusetts, for example, a major beach nourishment project has been
proposed for Winthrop Beach. The beach has eroded dramatically since seawalls
and other structures were installed more than a century ago, and during storms
seawater often floods houses and roads near the beach. The beach nourishment
project would cover 37 acres with 500,000 cubic yards of sand.
A cost-effectiveness analysis (CEA) suggested that acquiring sand by dredging
offshore would be much less expensive than obtaining and transporting it from
inland. The CEA assumed that beach nourishment was the goal (see “Toolbox:
Economic Analysis Frameworks,” page 5) and provided no information about
whether beach nourishment might be the best overall strategy.
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Toolbox: Methods to Measure the Value of Ecosystem Services
Revealed-preference methods involve observing and analyzing people’s behavior
to determine the values they place on ecosystem services.
• Recreation demand models can be used to estimate use values by analyzing
where and how often people choose to pursue their recreational activities,
such as going to the beach or fishing.
• Hedonic property value models can be used to estimate the impact of
environmental features on the selling price of property.
• Defensive behavior methods analyze how much people spend to avoid or
mitigate damage from environmental changes. These methods sometimes can
be used to approximate values of ecosystem services.
Stated-preference methods use surveys to estimate non-market values. Survey
responses are analyzed in appropriate models to estimate use and non-use values.
Bioeconomic or ecological productivity models combine ecological and economic
models to assess the value of ecosystem changes.
Benefit-transfer methods adapt results from previous studies of natural resource
or ecosystem service values, which may have been conducted in different places or
policy contexts.

If a cost-benefit analysis (CBA) were conducted, the findings could be used to
decide if beach nourishment should be pursued. In a CBA, economists would
compare the stream of benefits over the life of the project against the stream of
costs. Among the benefits would be those associated with the recreational value
of the widened beach and the reduction in storm damage to homes, roads, and
other properties near the beach.
Costs included in the CBA would similarly encompass both market and nonmarket values. Examples of market costs
would include those required for engineering services, labor, and materials to put
sand onto the beach, as well as the longterm, periodic cost of replacing sand that
continued to erode. In addition, dredging
sand from an offshore site could have a
negative impact on commercially important fishes, and the related market costs
to the fisheries sector would be included
in the CBA. The impacts of dredging
on other sea life—species that are not
fished—could be measured using nonmarket valuation techniques.

Seafloor habitat off the Massachusetts coast.
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Coastal Non-Point Source Pollution
Water flowing from land into the ocean may
carry pollutants that harm the ecosystem and degrade
ecosystem services. Sources of water pollution fall into
two categories: point and non-point. Point sources, such
sewage pipes, are relatively easy to find and monitor. In
contrast, non-point sources, such as fertilizers and pesticides applied to lawns and agricultural fields, are diffuse
and difficult to identify. For example, it is difficult to hold
any particular homeowner accountable when lawn chemicals create ecological problems in nearby bodies of water.
Shellfish closure caused by pollution.

However, cost-benefit analysis (CBA) can be used to help
identify practical and efficient solutions, if hydrological
or other models are available to characterize pollution
sources and natural impacts. As an example, consider a city that is exploring a
proposal to build an infiltration system to remove bacterial contamination and
other non-point source pollutants from municipal storm water.

Jim Kuhn

A CBA could help city officials quantify the costs, benefits, and tradeoffs associated with different project options, thereby promoting more informed decisions.
The costs in this case could include those involved in the construction, operation, and maintenance over the expected lifetime of the infiltration system.
Evaluating the benefits would be less straightforward. Tourism, recreation, and
commercial fishing would benefit from the reduction in closures of beaches
and shellfish beds due to poor water quality. To measure tourism benefits,
economists could use market valuation methods based on observed behavior of

Non-point source pollution can result in beach closures.
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those using affected resources. Non-market valuation methods could be used to
evaluate the benefits of activities such as bird watching and recreational fishing.
For commercial fishing, the benefits could be estimated by combining information on number of days the shellfish beds were closed, average daily landings
of shellfish from the beds, average annual selling price to dealers, and cost of
fishing (because it is net, not gross, benefits that must be quantified). Coordinating these various estimates would characterize the combined benefits of various
project options.
By conducting a CBA, the city could determine whether the benefits of building
the infiltration system would outweigh the costs—even though the benefits are
less easy to measure than the costs.

Economic Perspectives for Ecosystem-Based Management
Marine Spatial Planning: Deciding Where Activities Can Occur
In coastal and ocean environments, some areas are better suited than others
for particular activities. By recognizing these spatial comparative advantages and
incorporating them into management decisions, it may be possible to increase
the overall social benefits of management actions. Economic analysis can provide
a useful framework for making these management decisions.
Human uses of the ocean can be managed so they occur in areas where they are
most beneficial, and limited or prohibited in areas
where they would have undesirable effects. Some
uses are totally incompatible and cannot exist in the
same place, such as scallop harvesting and gravel
mining on the seabed. Other uses can coexist, such
as whale watching in an area with a seabed pipeline.
Some uses are even synergistic, such as a mussel
farm that improves water quality for scuba diving
nearby.
When implementing marine spatial planning,
economic analysis methods can be used to help
optimize the design of the management areas. How
big should the areas be, how should they be shaped,
Whale watching near Cape Cod.
where should they be located, and what activities
should be allowed and prohibited? The costs and
benefits should be analyzed in the context of the
larger system. For example, when considering the benefits and costs of closing a
particular area, it would be important to consider whether the excluded activities will simply move to other areas and how they will affect those areas.
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In addition to allowing or excluding activities outright, spatial management
plans may specify the intensity of activities allowed in an area. A basic principle—fundamental to most economic analyses—is that the level of each activity
should be increased or decreased to the point at which the incremental benefits
just equal the incremental costs associated with the activity. For example, allowing limited recreational fishing in a section of a marine park may increase overall
benefits to users, but as the level of fishing is increased these benefits may be
offset by reductions in benefits to other users.
It may also be possible to eliminate conflicts by prohibiting certain activities
only at particular times, such as prohibitions on gillnets at times of the year
when whales are present. Economic methods are available for analyzing these
types of issues and tradeoffs.
Additional factors tend to increase the costs and reduce the benefits of implementing spatial management. For example, a major challenge arises from the
interconnectedness of the ocean through movements of water and animals.
While it is possible to manage when and where people conduct activities in the
ocean, managers usually have limited knowledge of—and little control over—
the effects of those activities on other interconnected areas. Also, monitoring
human activities and enforcing regulations in areas far from shore or populated
areas can be very expensive. Economic modeling can be a valuable tool for
considering management options and identifying solutions.

Input- vs. Output-Oriented Approaches to Management
Economic analysis can provide insight into the efficacy and expected results
of different management approaches.
In the United States, the dominant approach to ocean management has been to
use “input controls” on human activities in an attempt to avoid or reduce negative impacts. Managers prescribe what activities are allowed (e.g., fishing), when
they can occur (e.g, fishing seasons), how they can be carried out (e.g., fishing
gear types), and who can participate (e.g., licensed fishermen). However, input
controls have proved generally unsuccessful in preventing collapsed fish stocks
and other negative impacts.
The chief alternative is to use an output-oriented approach that focuses directly
on the impacts of human activities. An output-oriented approach often involves
economic tools such as taxes on impacts, penalties for adverse outcomes, and
caps on outputs and impacts. For example, an outcome-oriented approach to
fisheries management might include tradable vessel- or group-specific caps on
landings of targeted species (annual catch limits) and penalties for excessive
bycatch.
Outcome-oriented approaches can be expected to control environmental
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impacts more efficiently because businesses often know better than regulators
how to reduce impacts, and output-oriented approaches provide an economic
incentive to do so. Also, policymakers and resource managers typically require
less information to design effective output controls than they do for input
controls.
Despite the advantages of outcome-oriented approaches, certain factors can tip
the scales toward an input-oriented approach. Perhaps the most important factor
is the cost of monitoring and enforcement, which can be expensive when covering large areas and many participants. Also, sometimes it is necessary to monitor the human activity itself, not the output, to prevent unacceptable ecological
impacts.

Facilitating Cooperation for Win-Win Solutions
Ecosystem-based management requires cooperation among local, state,
and federal government institutions, non-government organizations (NGOs),
and stakeholders. Organizations are often most focused on their own constituencies, and they may fail to account for impacts outside that constituency. Greater
awareness of these spillovers and coordination can lead to effective policy
changes. However, enabling coordination does not necessarily lead to decisions
that increase total benefits to the public. For example, user groups disadvantaged
by particular policies may be successful in blocking them by influencing policymakers or filing court actions.
For this reason, it may be useful to consider mechanisms through which winners
might compensate losers to achieve win-win situations. This compensation
could be financial, or there could be formal or informal agreements to separate
conflicting activities by place or time. Individuals and groups
can be expected to implement these types of win-win policies
on their own and share the overall gains, if property rights
are defined and transaction costs low. However, the lack of
property rights in the ocean may require the government to
facilitate such compensation. In some situations, it may be
sufficient for the government to be supportive of resource
users in devising their own agreements, but the appropriate
role of government could also extend to providing information or even devising rules of operation.
Economic analysis can be used to identify situations in which
such win-win solutions are possible and ways that governance
institutions might be designed to encourage such outcomes.
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In Closing: Key Insights for Policymakers and Managers
Economics can provide information unavailable from other
approaches to policy analysis. Key uses and insights include the
following.
• Economic analyses can be used with other natural and social sciences
to provide a holistic, comprehensive perspective on policy outcomes,
impacts, and benefits.
Marblehead Light.
• Examples of tools relevant to EBM include cost-benefit analysis (CBA),
cost-effectiveness analysis (CEA), economic-impact analysis (EIA), and models
using market and non-market data to quantify values and predict behavior.

Solangelem

• Natural resource policies that are planned and implemented without sufficient
insight from economics and other disciplines can lead to unforeseen and often
unwanted outcomes.
• Practitioners of ecosystem-based management can use economic analysis as a
framework for collecting and integrating information about natural and human
systems. Economic analysis enables EBM practitioners to consider many types
of value, including values not normally measured in dollars; weigh tradeoffs
among management options; and make decisions for the greatest overall benefit.
• In most cases, a coordinated suite of economic studies will be required to
provide comprehensive and sufficient guidance for policy decisions because no
single type of economic analysis can provide all relevant information.
• Where data are available, cost-benefit analysis (CBA) will generally provide
the most appropriate economic guidance for EBM policy decisions. However,
in many instances, data may be insufficient for full-scale CBA, and alternative
methods such as cost-effectiveness analysis (CEA) may be used to provide valid,
but more limited, insight. Economic-impact analysis (EIA) can provide useful
insight regarding the impact of policies on regional economic development, but
EIA is not a substitute for CBA.
• Economic analysis can provide useful information for marine spatial planning,
particularly where policies involve tradeoffs.
• Using economic mechanisms, outcome-oriented management can motivate
businesses to use natural resources more efficiently with less harmful impact.
• By capitalizing on existing economic studies and information, policymakers and
managers can obtain useful insights at low cost.
• Economic analysis can be used to develop creative new solutions, such as winwin agreements among competing stakeholders, that might not be evident in the
absence of economic insight.
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