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ecosystem services and include a broad range of values linking the environment with development and
human well-being.
Yet, the natural capital of the ocean often remains invisible. Truly recognizing the value of such resources
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marine and coastal ecosystem services, and supports the integration of results into national policies
and development planning. For a copy of all report and communication material please visit
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INTRODUCTION

Coastal and marine ecosystems are vital to the economies of Pacific Island Countries and Territories and the wellbeing of
Pacific Islanders. The marine environment provides the citizens of the Pacific with food security, protection from storms,
and cultural and recreation activities. It also provides economic benefits, known as ecosystem goods and services, which
support livelihoods and incomes in tourism, fisheries, and other important economic sectors.
Despite their importance, marine ecosystems are threatened by a variety of factors, including overfishing, damage from
destructive fishing, development, pollution, and climate change. Approximately 20% of the Pacific’s coral reefs have
been classified as facing “high” or “very high” threats of degradation (Burke et al.. 2011). A United Nations Environment
Program (UNEP) report suggests that some islands in the Pacific could lose more than half their mangroves by the end
of the century; the heaviest losses are occurring in American Samoa, Fiji, Tuvalu, and the Federated States of Micronesia
(UNEP 2006).
Growing populations, globalization, and industrialization are putting pressure on coral reefs, mangroves, and other
marine and coastal ecosystems. However, economic growth and marine conservation do not have to conflict. Green
economic growth in the Pacific requires that decision makers consider the value of healthy coastal and marine
ecosystems when making resource management and development decisions. Ecosystem services valuation arose from
concern that many ecosystems were being given a default value of $0, simply because an economic value had not been
estimated. Accounting for marine and coastal ecosystem service values can help policy makers and resource managers
better understand the relationship between healthy ecosystems and the services they provide to society, which, in turn,
can facilitate effective decision making, enable sustainable national planning, and create market incentives for investing
in the protection and sustainable use of natural resources.
Economic valuation estimates can:
■■ Raise awareness of the value of marine and coastal resources;
■■ Help to identify priority areas for conservation, protection, and restoration;
■■ Facilitate analysis of the costs and benefits of proposed policies and development plans;
■■ Provide critical information about who depends on healthy marine ecosystems; and
■■ Be used to explore potential financing for marine conservation through payments for ecosystem services or user fees.

More information on the use of valuation estimates can be found by accessing the resources at the Economics of
Ecosystems & Biodiversity (TEEB: www.teebweb.org) and the Millennium Ecosystem Assessment (MEA: www.maweb.
org). These two global initiatives champion the benefits of valuation, provide values for ecosystems around the world,
and demonstrate how to incorporate such values into decision making through a variety of reports aimed at businesses
and policy makers at the local, national, and international levels.
This introductory reference guide summarizes value estimates of ecosystem services in Pacific Island Countries and
Territories—estimates available through the Marine Ecosystem Services Partnership’s (MESP) library of valuation
studies. It is aimed at decision makers, marine area managers, community stakeholders, and others interested in
improving the management of coastal ecosystems through the use of economic data. If you find a value estimate
of interest, we encourage you to request the original study. The studies referenced in the booklet can be available
through the MESP’s Community of Practice at http://marineecosystemservices.org or through the Pacific Resource and
Environmental Economics Network (PREEN) at: www.sopac.org/preen.
Many efforts to value the coastal ecosystems of the Pacific are under way. The MESP website will continue to be updated
and welcomes additional reports, which can be sent to info@marineecosystemservices.org.

ECONOMIC VALUES of PACIFIC ISLANDs’ marine ECOSYSTEMS • a compilation of literature

1

2

TERMS AND CONCEPTS

The terms and concepts used in the valuation of ecosystem services can be confusing. Below is a basic guide to
terminology and methods used in estimating the value of ecosystem services. For more information on how to conduct
a valuation study, please see the “Resources for Ecosystem Services Valuation” and “Glossary” sections of this
resource guide.

Ecosystems
This reference guide provides value estimates from studies in the MESP library for coastal and marine ecosystem
services in the Pacific Islands. The Pacific is home to many types of marine and coastal ecosystems, including beaches
and coasts, coral reefs, the deep sea and open ocean, inshore habitats, mangroves, seagrasses, and wetlands. The
MESP library houses estimates for many, but not all, of these ecosystems. All ecosystems have some type of economic
value.
Some of the value estimates provided here are not easily associated with one ecosystem. For instance, whales and
sharks support tourism-related ecosystem services but may spend time in different ecosystems. In this reference guide,
values are organized by ecosystem. Ecosystems with few value estimates, and with difficult-to-classify services such as
those provided by whales and sharks, are organized under “Other.”

Total Economic Value
Ecosystems can be assessed using the total economic value (TEV) framework. Total economic value is the sum of all
use and non-use values provided by an ecosystem and thus represents the full human benefit of that ecosystem. Use
values are those that people use either directly (fisheries, tourism) or indirectly (shoreline protection). Non-use values
are those benefits not associated with actual use, but rather with the knowledge that something exists or could be used
in the future. Consumptive use, such as fisheries or wood cutting, uses up the resource such that there is less for others
to draw from; non-consumptive use, such as tourism or aesthetic appreciation, does not involve taking resources out
of the environment. The total economic value framework does not necessarily distinguish between sustainable and
non-sustainable consumptive uses; however, such concerns should also be taken into account when assessing an
ecosystem. Because of the complexities of measuring every type of benefit provided by an ecosystem and complications
involved with adding ecosystem service values together, TEV is rarely estimated by a single study.

Figure 1. Total Economic Value (TEV) Framework
Source: World Resources Institute 2014 as adapted from Pagiola 2004.
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Many of the values quoted in this guide estimate only a few of the values provided by an ecosystem and thus do not
represent the total economic value for that ecosystem. For example, the value of coral reef fisheries addresses only one
type of service of coral reefs—the total economic value of the coral reef is likely much more.

Types of Ecosystem Services
Ecosystem services are the benefits people obtain from nature. Below are examples of marine and coastal ecosystem
services organized by type according to the classification system developed by the Millennium Ecosystem Assessment
(MEA 2005):
■■ Provisioning Services: refers to products provided by ecosystems, including food, fish, fuel wood, other raw materials,

medicinal resources, and genetic resources.

■■ Regulating Services: refers to benefits received from the regulation of ecosystem processes, including flood/storm/

erosion control and climate regulation.

■■ Cultural Services: refers to non-material benefits, including recreation and tourism, cultural heritage, science, and

education.

■■ Supporting Services: refers to those services that are necessary for the production of all other ecosystem services,

including nutrient cycling, primary production, and species protection.

For further technical clarification on the typology of ecosystem services and their indicators, see Bohnke-Henrichs et al.
(2013).

Examples of Ecosystem Services in the Pacific Ocean
The Pacific Ocean offers a vast array of ecosystem services, many as yet unvalued by researchers and many that are
difficult to value. The value of services that are not sold on the market (existence values, shoreline protection) are most
difficult to capture and require sophisticated and expensive research.
Informed by the Millennium Ecosystem Assessment’s Ecosystems and Human Well-being: A Framework for Assessment
(2005), this reference guide highlights the major types of marine and coastal ecosystem services in the Pacific Island
Countries and Territories.

Provisioning services
Mariculture
Farming of aquatic organisms has grown in the Pacific over the past few decades. Today, a variety of plants and animals
are farmed, including fish, oysters for pearls, clams, seaweed, and sponges.

Aquarium trade
Live coral and reef fish are harvested and sold for use in aquariums.

Bio-prospecting
Marine organisms may have uses that people have not yet explored. Bio-prospecting is the process of discovering and
commercializing new products. The pharmaceutical industry is an important beneficiary of bio-prospecting.

Coral and sand mining
Coral and seashell detritus are harvested from reefs to be used as bricks, road fill, or cement in construction projects.
Sand can be harvested from beaches for use in concrete and construction. Sand production is often overlooked as an
ecosystem service, but much of the sand in the Pacific Islands is derived from coral and coralline algae.

4
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Fishing
Fishing is one of the most important economic activities throughout the Pacific. Fishing not only provides a critical source
of protein, it is also an important contributor to national economies, household income, and employment. Fisheries can
be classified in the following categories:
■■ Artisanal fisheries: Typically, traditional fisheries that operate at the household level using small amounts of capital,

artisanal fisheries can contribute to subsistence consumption or commercial sales.

■■ Industrial fisheries: These fisheries use large ships and often advanced technology to achieve high production

capacity. Fishermen benefit by selling fish to international and local markets. Pacific Island Countries and
Territories can also sell access fees to foreign ships that want to fish in local waters.

■■ Recreational fisheries: These fisheries represent fishing for leisure and sport only; they do not include the sale or

barter of fish. Recreational fishermen can fish with or without a charter service.

■■ Subsistence fisheries: In these fisheries, fish are caught are for consumption by the fishermen and their families,

rather than for buying and selling at a market.

Wood harvesting
Mangrove trees are used for firewood, charcoal production, construction materials, and wood chips and pulp. Mangrove
wood can be harvested by households or bought and sold on the market.

Regulating services
Carbon sequestration
Coastal ecosystems, including those dominated by mangroves, seagrasses, and salt marshes, have been found to store
carbon far more effectively than terrestrial forests. These ecosystems thus play an important role in climate control and
attempts to slow climate change.

Shoreline and coastal protection
Coral reefs and mangroves reduce the damage caused by waves from storms and tsunamis. These ecosystems reduce
erosion of beaches, susceptibility to flooding, and damage to coastal properties and buildings.

Cultural services
Aesthetic and artistic values
Many people find various aspects of marine ecosystems beautiful. This appreciation can drive selection of housing
locations and support for marine parks.

Biodiversity
High biodiversity can support provisioning services (harvesting food, bio-prospecting), and many people also value the
mere existence of high biodiversity.

Education and research
Ecosystems provide the basis for formal and informal education from primary school through post-graduate studies.
Research into the marine environment is a valuable service that contributes to the global pool of knowledge and science.

Existence, option, and bequest values
■■ Existence value: A person who has no intention of using an ecosystem service may still value its existence. For

example, a person who has no intention of going whale watching may still value the existence of these whales and
therefore may donate to whale conservation.

■■ Option value: A person may have no plans to use an ecosystem service now, but would like to maintain the option to

use it in the future. The option value reflects the premium that one might pay to ensure this future possible use.

■■ Bequest value: A person may value conserving ecosystem services so that future generations can continue using them.
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Indigenous and cultural uses
Many societies place a high value on maintaining historically and culturally important landscapes and attach a sense of
place to their environment. Many also attach spiritual values to their environment and to the use of their environment,
especially for rites of passage or ceremonies.

Lifestyle values
Ecosystems influence lifestyles. Fishing societies may differ greatly from agricultural or nomadic societies, and people
may value elements of their current lifestyle.

Marine recreation and tourism
Tourism is a major economic industry in the Pacific and brings in large revenues each year. Non-extractive recreation can
include boating, swimming, snorkeling, scuba diving, and whale watching. These activities can be valuable to both locals
and tourists.

Supporting services
Supporting services ensure the production of all other ecosystem services. Ecosystems are incredibly complex, and it
would be impossible to point out all the ways an ecosystem supports itself and, in doing so, supports the human uses
and values described above. Three supporting services are
■■ Nutrient cycling: Coral reefs, mangroves, and even the open ocean participate in the cycling of important nutrients. For

example, mangroves drop leaves into the ocean, providing food for filter-feeders, which are in turn eaten by larger fish.

■■ Nitrogen fixation: Nitrogen-fixing bacteria and algae can be found in mangroves and coral reefs. Nitrogen is important

to all living things but cannot be used until it is combined with other elements by nitrogen-fixing organisms.

■■ Primary production and oxygen production: Mangroves and coral reefs are both involved in photosynthesis, which

takes in carbon and output sugars and oxygen.

6
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Methods for Valuing Ecosystem Services
Many economic techniques are used to value ecosystem services. Table 1 provides a brief description of the most
common valuation methods found in this guide’s reviews of Pacific Island value estimates. For more information on
methodologies, see the “Resources for Ecosystem Services Valuation” section.

Table 1. Methodologies for Measuring Ecosystem Services
Approach

What is Valued

Market price

Observes the market price of goods or
services sold

Fisheries, tourism, mangrove timber

Cost of avoided damage

Estimates the value of damage avoided due
to the presence of an ecosystem service

Probabilistic damages to coastal property from
erosion and inundation with an absence of reefs and
mangroves

Replacement costs

Estimates the cost of replacing an ecosystem
service with a man-made equivalent

Cost of building infrastructure (i.e., seawalls) to replace
the shoreline protection that would have been offered
by reefs and mangroves; and the cost of building water
filtration infrastructure to replace the services otherwise
provided by mangroves

Production Function

Estimates the value of an ecosystem service
as an input into the production of a marketed
good

Value contributed by the ecosystem to the productivity
of a good or service

Travel cost

Uses travel costs to deduce the willingness of
people to pay to access a natural area

Willingness to pay for access to recreation sites such
as beaches, reefs, and marine protected areas

Hedonic pricing

Uses statistical analysis to determine the
contribution of ecosystem and environmental
factors to the market prices of property

Influence of ocean views or beach access on real
estate prices

Contingent valuation

Uses surveys to ask participants what they
would be willing to pay for an ecosystem
service or associated attribute

Value of hypothetical changes in ecosystems, including
use and non-use values

Choice Experiments/
Choice Modeling

Offers survey respondents a range of choices
or scenarios that include different levels of
ecosystem service

Value of hypothetical changes in ecosystems, including
use and non-use values

Benefits Transfer

Uses values estimated at other locations

Can be used for any ecosystem service

Meta-Analysis

Synthesizes results from multiple studies and
can be used to inform benefits transfer

Can be used for any ecosystem service

Market-based Methods

Revealed Preference

Stated Preference

Value Transfer

Source: Adapted from World Resources Institute (2014) and Tinch and Mathieu (2011).
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2.1 How This Resource Guide Was Constructed
This resource guide includes studies found in the Marine Ecosystem Services Partnership (MESP) library as of March
2014. It includes studies collected from the MESP Community of Practice through a call for studies on the MESP listserv
in February 2014.
The referenced studies span from 1989 to 2013. To help readers understand and compare the value estimates here,
value estimates in U.S. dollars have been adjusted to Q1 2014 values (http://data.bls.gov/cgi-bin/cpicalc.pl). Value
estimates reported in local currencies were adjusted for inflation and converted into U.S. 2014 dollars using inflation
rates and exchange rates provided by the World Bank (http://data.worldbank.org/). If the original study did not make clear
the year of its reported values, the year of the original value was assumed to be the year that the study was published.
All reported values are U.S. 2014 values unless otherwise indicated. See Hussain et al. (2012) for guidance on how to
convert currencies to ensure equivalent purchasing power across all countries.
Care was taken to note whether values reported were annual values or present values. An annual value is the value of
an ecosystem good or service over the course of a particular year. A present value is the current value of a stream of
ecosystem services values over time, adjusted to a base year by discounting.
Please note that monetary estimates in one study are not generally comparable to those in other studies. Each study
quantifies ecosystem services differently. Some studies report a gross value; others, a net value. Some studies report
local benefits; others, global benefits. Thus, each estimate should be uniquely evaluated.
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3

CORAL REEF ECOSYSTEM
GOODS AND SERVICES

This section presents the values of coral reefs organized by the ecosystem goods and services they provide.

3.1 Total and Combined Ecosystem Service Values
Throughout the Pacific Island Countries and Territories, coral reefs were estimated to have a total economic value of
$4.11 billion or $79,000 per kilometer squared per year. This value is based on an extrapolation from Pacific case study
estimates. Direct use values make up $2.22 billion of this estimate, and indirect and non-use values, $1.40 billion. Direct
use values included fisheries, coastal protection, and tourism and recreation; indirect values included existence and
biodiversity values. (Seidel and Lal 2010)
In American Samoa, the total benefits of coral reefs to residents and visitors, including non-use benefits, was estimated
to be at least $12.5 million per year. This number includes fishery, recreation, shoreline protection, and non-use values.
The present value (over 100 years with a 3% discount rate) is $202 million excluding values held by the U.S. public and
$318 million including values held by the U.S. public. (Spurgeon et al. 2004)
A 2012 study in American Samoa calculated the islanders’ willingness to pay to protect coral reefs against climate
change. Using a choice modeling survey, the study found that the average household in American Samoa was willing to
pay a one-time donation to a nonprofit organization of $17.43 to improve fish richness, $15.85 to improve coral bleaching,
$13.37 to improve coral richness, and $10.82 to reduce coral rubble. (Gaskin 2012)
According to one estimate, the coral reefs of Saipan, Commonwealth of the Northern Mariana Islands, are worth
$71.92 million in total economic value per year. This estimate includes values provided by fisheries, tourism and
recreation, coastal protection, amenity values, and biodiversity values. Results were derived by conducting household
surveys using discrete choice methods. (Beukering et al. 2006)
In Vitu Levu, Fiji, climate change could cost $7.27–$20.36 million a year by 2050 as coral reefs are affected and their
fisheries, habitat, and tourism values are lost. Estimated annual losses include $0.14–$2.9 million lost from subsistence
fisheries, $0.07–$0.11 million lost in commercial coastal fisheries, $6.98–$15.7 million lost from tourism, and $2.9–$7.2
million lost in habitat. (The World Bank 2003)
One study of 400 residents estimated the annual total economic value of the coral reefs in Guam at $145 million,
including both use and non-use values. Tourism provides 74% of this value. The total economic value also includes
fishery, amenity, coastal protection, and biodiversity values. The study estimated that the economic value for a square
kilometer of reef was $2.28 million on average. (Beukering et al.. 2007)
The annual total economic value of Hawai’i’s coral reefs is $35.38 billion according to the U.S. National Oceanic and
Atmospheric Administration (NOAA). The study used a national Internet survey of more than 3,200 households and
included questions addressing direct values such as snorkeling and fisheries as well as non-use values and willingness
to pay to protect reefs for future generations. (NOAA 2011)
According to another study, the net benefits generated by coral reefs in Hawai’i are worth an estimated $451 million
per year with an overall value of $12.5 billion for the 1,660 square kilometers (410,000 acres) of potential reef area in
the main Hawaiian Islands. This value includes recreational, amenity, biodiversity, and fishery values. (Cesar and van
Beukering 2004)
The value of fishing, tourism, and coastal protection on New Caledonia was valued at $256.5–$433.92 million per year.
Coastal protection against waves made up two-thirds of this value. (Pascal 2010) This value equates to $672 per hectare
or $1,348 per person. (Laurans et al. 2013)
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3.2 Coastal Fisheries
A study of American Samoa estimated the net value added by subsistence fisheries to the local economy to be $717,867
per year. The artisanal fishery had an estimated added value of $55,220 per year for direct uses. The authors also calculated
the benefit of coral reefs to fishermen that catch bottom fish. These fish spend part of their lives in coral reefs. The indirect
use value of coral reefs to the local economy by way of the bottom fishery was estimated at $87,850. These direct and
indirect use values were calculated using market prices. The consumer surplus, or the benefit people enjoy beyond what
they actually pay, for subsistence fisheries was estimated to be $91,615 per year. This value was calculated using benefits
transfer. (Spurgeon et al. 2004)
A study in Fiji used the market price method to measure the value of fisheries across eleven iqoliqoli, or customary fishing
grounds, along the Coral Coast of Vitu Levu. The saleable assets of finfish and invertebrates in the fishing grounds were
estimated to range from $133.14 to $170,186 per square kilometer per year. The present value for these fishing grounds
(based on a 99-year lease and a 10% discount rate) ranged from $56,640 to $549,858 per square kilometer. The tonnes
of fish caught in the various fishing grounds studied ranged from 27 tonnes to 303 tonnes. The authors did not explain the
range in values. (Korovulavula et al. 2008)
The gross economic benefit of all fishing and gleaning activities in the Navakavu Locally Marine Managed Area of Fiji was
valued at $1,113,720 per year; finfish account for 53% of the total value. This value is equal to $10,033 per household
per year in a country where the average household income is $174.94 (according to a survey conducted by the authors).
(O’Garra 2007) The present value of the Navakavu fisheries was estimated to be $9,524,298, using a 10% discount rate
over 99 years. This estimate represents the combined economic value of fish and invertebrates extracted by the local
community; however, only 57.4% of these resources are sold on the market for money. (O’Garra 2012)
In Fiji, reef fisheries are the primary source of revenue for 96% of all households in Lakeba and for 81% in Nakawaqa.
Fish can be sold to cooperatives and agents or directly in markets in Labasa. The average Nakawaqa fisherman catches
22 kilos per trip and can make $35.16 per kilo selling to cooperatives and agents or $53.39 per kilo selling in Labasa. The
average Lakeba fisherman catches 15 kilos per trip and can sell to cooperatives and agents for $23.99 per kilo, or in Labasa
for $36.45 per kilo. Once transport costs are factored in, the net revenue for selling fish in Labasa is estimated to be $9.88
per trip for Nakawaqa fishermen and $0 for Lakeba fishermen. The authors note that many of the fishers are subsistence
fishermen moving toward a cash-based economy. (Kronen et al. 2006)
According to a 1993 study, coral reef fishing in Moorea, French Polynesia, is estimated to generate an annual income of
CFP 25 million (in 1993 value). This study used market prices and estimates an annual catch of 50 tons of fish from the coral
reef fishery. (Aubanel 1993)
In 2008, coral related fisheries in New Caledonia brought in 1,687–2,148 tons of fish and invertebrates with an associated
$17.4–$24.6 million in revenues. (Pascal 2010), These revenues equate to gross revenues of $50.83 per hectare or $101
per capita for subsistence fishing, $49.73 per hectare or $99.45 per capita for the commercial fishery, and $60.78 per
hectare or $12.16 per capita for the recreational fishery. (Laurans 2013)

3.3 Aquarium Trade
In Fiji, the total value of exported live rock and coral products was estimated to be $5.5 million in 2004 in addition to $2.2
million in exported ornamental fish and invertebrates. The total gross income for harvesters across the 25 traditional fishing
grounds where live rock and coral were extracted was $1.7 million, including $1.38 million from live rock and $406,498 from
coral. For a villager, the financial net return on cultured rock is about $1,351 per year as compared with $27,322 per year for
wild rock (assuming a collected volume of 34,210 kgs per household). (Lal and Cerelala 2005)
In 2001, the Fiji marine ornamentals industry was estimated to have generated $25.45 million in gross revenues and to have
provided full-time employment for 1,000 Fijian citizens. (Lindsay et al. 2004)
A 2009 study estimated that the Marshall Islanders earned $663,000 per year from the aquarium trade. By 2013, exports
had increased threefold, leading the study authors to estimate the 2013 values of the aquarium trade to be three times
as much: 1.83 million overall, including $1.22 million for fish only. One company accounts for approximately 65% of the
aquarium trade. Gross revenue earned by Majuro local collectors is estimated to be $213,709–$320,564 per year. Overseas
retailers earn gross revenues of approximately $2.13–$3.25 million per year. (Gjertsen et al. 2013)
According to a 2005 study, exports from the Solomon Islands were estimated to account for about 4% of total international
coral trade. The main areas for coral harvesting are the Nggela Islands, Marau Sound, and Honiara. The average villager in
10
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Marau Sound was estimated to earn a gross income of $3,033 from selling coral. Collectors in the Nggela Islands were
estimated to earn $1,478 per year. The total gross revenue for exporting live and dead coral, other aquarium products,
and cultured coral is about $1.37 million per year for the Solomon Islands. The net financial profit earned by exporters is
$0.49 million per year. (Lal and Kinch 2005)
In Tonga in 2000, the export of hard and soft corals, fish, invertebrates, live rock, and giant clams brought in $2.2 million,
representing a significant economic activity for the nation. (Lindsay et al. 2004)

3.4 Tourism and Recreation
In the Pacific Island Countries and Territories, total in-country tourism expenditures were estimated to be $2.49 billion
or 7.2% of gross domestic product. (Laurans et al. 2013)
A 2009 study estimated that each year 6,000 tourists arrive in American Samoa, contributing about 7% to the economy.
The benefits people enjoy (beyond what they pay) was estimated to be $47,690 per year for residents and $15,060
for visitors. These values were estimated using benefit transfer. Direct annual expenditures from snorkeling and diving
provide an additional $21,335 from residents and $8,785 from visitors. (Spurgeon et al. 2004)
In Saipan, Commonwealth of the Northern Mariana Islands, the annual total economic value of reef-related tourism,
including market and non-market values, was estimated to be $49.75 million, making tourism the largest beneficiary of
coral reef goods and services. Marine-related water sports were valued separately; they bring in an additional $6.78
million to the Saipan economy. Values for reef-related tourism reflect market valuation methods to calculate use values
and benefits transfer to calculate non-use values. Additional surveys were conducted for tourists and locals to determine
levels of marine activity. (Beukering et al. 2006)
A 2008 study of Fiji estimated the average economic value of 11 traditional fishing grounds. The estimates were for
swimming, snorkeling, scuba diving, reef walking, kayaking, and sports fishing by tourists and ranged from $55.41 million
to $250.61 million per year or $128.05 to $581.74 per visitor per year. These values were derived using the travel cost
method. (Korovulavula et al. 2008)
In Moorea, French Polynesia, $62.6 million in tourism expenditures per year, or $12,527 per hectare, was estimated to
be attributable to access to the lagoon-reef system. This value assumes, on the basis of a previous study, that 80% of
tourism expenditures are linked to the lagoon-reef system. On average, 100,000 tourists visit Moorea each year for about
four days per person per trip. (Charles 2005)
In Guam, the total economic value of marine tourism was estimated at $108.1 million per year, plus an additional $9.9
million from water sports. These values were calculated using benefits transfer to estimate the additional willingness to
pay of producers to produce another good or the willingness of consumers to make a payment in addition to their actual
payment to enjoy Guam’s reefs (this combined net value is also referred to as net social surplus). In addition, a tourist
exit survey showed that, on average, 28.5% of tourist sector revenues depend on healthy marine ecosystems. On the
basis of an estimated 1 million visitors to Guam each year, the study’s authors calculated the total economic value of reef
value per visitor to be $108.20. (Beukering et al. 2007)
The combined recreational value of coral reefs in Hawai’i in 2001 was estimated to be $407.4 million, including $352
million from snorkelers and $55 million from divers, including their direct expenditures, indirect expenditures, the value
of benefits beyond what they actually pay for them, and a multiplier effect to account for the generation of additional
spending.11 (Cesar and van Beukering 2004)
The nonuse value of coral reefs in Hawai’i was estimated to be $9.27 million according to a survey that also asked
participants about their annual budget for a list of potential research projects and organizations involved in reef-related
research. (Cesar and van Beukering 2004)
Tourism represents a small portion of the Marshall Islands economy. In 2005, there were 2,727 tourist arrivals, with an
average stay of 6 days. Two dive operators provide trips around Majuro. The total annual gross revenue from diving and
snorkeling is estimated to be $242,777 or $4,855 per square kilometer. (Gjertsen 2013)
A New Caledonia study found coral reef related tourism generated $53–$66.2 million in revenues. (Pascal 2010) In 2009
dollars, underwater and nautical tourism brought in $22.10 per hectare or $43.10 per capita; associated tourism brought
in $46.41 per hectare or $89.51 per person. (Laurans et al. 2013)
1

Combining revenues and non-market values is generally inappropriate. The reader is encouraged to consult the original study to understand how
these values were derived.
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The contingent valuation method was used to estimate a hypothetical entrance fee to Palolo Deep Marine Reserve in
Samoa. The mean willingness to pay to visit the reserve was estimated to be $3.83 per person, yielding a total estimated
willingness to pay for all recreational uses of $17,894 per year for international tourists and $1,731 for domestic visitors.
Using Palolo Deep Marine Reserve as a proxy, the authors estimate Samoa’s marine recreational services to have a nonmarket value of $1,123,941 per year for international visitors and $652,783 for domestic visitors. (Mohd-Shahwahid 2001)

3.5 Coastal Protection
The value of shoreline protection provided by coral reefs in American Samoa was estimated to be $560,990 per
year using the replacement costs method. This study estimates American Samoa to have 48 kilometers of coastline
dependent on coral reefs for shoreline protection. The estimate reflects the savings from delaying the replacement and
installation of existing and new shoreline protection schemes. (Spurgeon et al. 2004)
The coastal protection value of coral reefs in the Navakavu Locally Managed Marine Area of Fiji was estimated at
$664,905 per year using benefits transfer. (O’Garra 2007)
Coastal protection by coral reefs in Guam was estimated to be worth $9.6 million per year using the avoided cost
method. The authors estimated that damages from storm flooding would cost $4.9 million per year if reefs were present
and $14.5 million per year if reefs were damaged or absent. (Beukering et al. 2007)
A 2013 study estimated that a loss of 0.5 square kilometers of Majuro, Marshall Islands, coral reefs would result in a
lost value of $254,416–$447,772 per year. The annual cost of property damage from erosion on Majuro’s lagoon side is
estimated at $8.8–$37.6 million. Assuming that each year a percentage of property value is lost due to erosion and using
estimates of land values and shoreline lengths, the study estimated that the contribution of corals to the protection of
local property values in Majuro is $25.44–$44.77 million. (Gjertsen et al. 2013)
In New Caledonia, coral reefs contribute $155.12–$295.90 million, including coastlines for urban, rural, and tribal
populations. (Pascal 2010) This contribution equates to $435 per hectare and $875 per person. The values were
estimated using the avoided cost method. (Laurans et al. 2013)

3.6 Other
The non-use benefits of coral reefs in American Samoa were estimated to be, at an absolute minimum, $11,016,000 on
the basis of values held by visitors, residents, and the U.S. public, as estimated by the benefits transfer method and a
general questionnaire of local uses. (Spurgeon et al. 2004)
A 2005 study estimates the environmental impact of degraded water quality in Rarotonga, Cook Islands. The authors
estimate that Rarotonga could save $7.7 million per year or NZ$3,042 per household per year if watershed pollution
were prevented across the entire island. This value is equal to 3.12% of the Cook Islands’ gross domestic product. In
addition to avoiding health care costs (diarrhea, gastro enteritis, dengue fever, fish poisoning) of $1,052,347 by avoiding
degradation of water quality, the Cook Islands could avoid $560,272 in loss of fish stocks in the lagoon and $3,609,248
in lost tourism income (due to losing 3% of tourists). A survey of Rarotongan residents found that 71% would not eat fish
from the lagoon due to concerns about fish poisoning (Ciguatera). (Hajkowicz and Okotai 2005)
In the Navakavu Locally Managed Marine Area in Fiji, residents were willing to contribute a mean 3.03 hours of their
time (worth $6.15–$11.83 per month per individual) or donate an average of $4.78 per individual per month ($57.45 per
individual per year) to conserve their traditional fishing grounds. The average household income is $174.94 (according to
a survey conducted by the authors). (O’Garra 2007)
In Guam, the value of proximity to reefs for beachfront housing is $10.9 million per year, as estimated through a
statistical analysis of a database of 800 house sales in Guam from 2000 to 2004. Every additional kilometer a house is
from the coast declines its housing value by $19,437. This value likely captures both shoreline protection and recreational
values. (Beukering et al. 2007)
In Hawai’i, the contributions of coral reefs to property values were an estimated $53.5 million in 2001. The authors
assumed, on the basis of the expert judgment of real estate agents, that 1.5% of a property’s sale price could be
attributable to access to marine areas. Thus, the reef-related value of hotel property was $17.4 million; of residential
property, $28.1 million; and of condominiums, $9.3 million. (Cesar and van Beukering 2004)
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MANGROVE ECOSYSTEM
GOODS AND SERVICES

This section presents the values of mangroves according to various ecosystem goods and services.

4.1 Total and Combined Ecosystem Service

Values

Throughout the Pacific Island Countries and Territories, mangroves are estimated to contribute a total economic
value of $4.20 billion or $593,726 per square kilometer per year. This value includes $2.48 billion from direct use values
(subsistence and artisanal fishing, shoreline protection, fuelwood production) and $1.71 billion from indirect and non-use
values (cultural and social values, existence values). (Seidel and Lal 2010)
In American Samoa, the total benefit of mangroves to residents and visitors was estimated to be at least $1.8 million.
This value includes fishery, shoreline protection, and non-use benefits. The present value (over 100 years at a 3%
discount rate) is $58.98 million and includes the value of non-use benefits held by U.S. citizens. (Spurgeon et al. 2004)
In Micronesia, the value of mangroves was estimated to be $1.0–$1.5 million per year on the basis of the net value of
wood, fish, and crab products. By land area, the mangroves are worth $643–$967 per hectare per year. Additionally, a
household survey estimated that, together, all Micronesians would be willing to pay $1.5–$1.9 million per year to protect
and use mangrove swamps indefinitely. (Naylor and Drew 1998)
A site-specific study in Vanuatu found that Crab Bay mangroves had an estimated total economic value of $596,351
per year and that Eratap mangroves had an estimated total economic value of $270,698 per year. Crab Bay mangroves
were valued at $4,375 per hectare per year, and Eratap mangroves, at $781,566 hectare per year. These values include
those associated with fisheries, wood extraction, tourism, protection against waves, bioremediation, sediment trapping,
and carbon sequestration. Methods used to estimate these values included surveys of local fishermen and calculations
of market values, avoided costs, replacement costs, and willingness to pay. Nearly 800 people depend on one or more
mangrove ecosystem services in Crab Bay and 400 in Eratap. (Pascal and Bulu 2013)

4.2 Fisheries
American Samoa fisheries, including direct subsistence fishery products, subsistence fishing, and indirect fishery
products, were valued at $57,730 per year for mangroves. This estimate is based on the market price of fish and takes
into account indirect and induced expenditures. (Spurgeon et al. 2004)
A 1990 estimate of Fiji fisheries places the value of a hectare of mangroves at $1,567 for an annual harvest of 331
kilograms of fish and non-fish products. The annual revenue for fishermen who work 4–5 days a week for a total annual
catch of 9,200 kilos is $43,387; the annual revenue of fishermen who work overnight and have a total annual catch of
4,800 kilos is $22,637. (Lal 1990)
In Micronesia, the estimated gross market value of crabs caught in mangroves was $550,000 per year in 1996 (2014:
$831,036). At that time, more than 40% of households on Kosrae caught mangrove crabs to be eaten at home or sold
in the market. The study estimated the total reported and unreported catch of fish to be approximately $170,000 in 1995
and 1996 (2014: $264,450). This estimate is based on a reported market value of $17,000, which represents 10% or less
of the total catch of fish; 90% of the total catch is consumed at home. (Naylor and Drew 1998)
A study in Vanuatu estimated the net economic value of subsistence, commercial, and recreational fisheries in two sites:
Crab Bay and Eratap. On average, in Crab Bay subsistence fisheries were valued at $1,334 per hectare and commercial
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fisheries at $851 per hectare (recreational fisheries were non-existent in Crab Bay). In Eratap, subsistence fisheries were
valued at $2,914 per hectare, commercial fisheries at $1,382 per hectare, and recreational fisheries at $78 per hectare.
Values were calculated by conducting a business expenditure survey of fishermen, quantifying catch volumes, and
examining the replacement price of fish protein as well as final consumer prices. (Pascal and Bulu 2013)

4.3 Wood Products
In Fiji, the commercial harvest of mangrove wood brings in an annual revenue of $14,536 per forestry concessionaire.
Mangrove wood used for subsistence purposes has an annual net benefit of $343,500, assuming an annual harvest of
37,875 cubic meters of wood. This estimate assumes villagers would use the next best alternative (offcut wood from saw
mills at $9 per cubic meter) if mangrove wood was unavailable. (Lal 1990)
A 1989 study estimated the value of mangrove wood used in cooking in Kosrae, Micronesia, to be $248,543 per year.
(Lal 1990) A 1996 estimate puts the value of mangrove cooking wood at $420,806 per year, reflecting a 40% increase in
the monthly use of wood and a 50–70% increase in the market price of mangrove wood. (Naylor and Drew 1998)

4.4 Carbon Sequestration and Nutrient Cycling
In Fiji, a study estimated that the nutrient filtering services of mangrove soils yields an average present value of
$192,723 per hectare over 50 years. This value reflects the difference between the cost of a conventional sewage
treatment plant ($4.5 million) and use of mangroves for oxidation ponds ($1.4 million). The average benefit of mangrove
soils’ filtering capacity was estimated at $10,556 per hectare. (Lal 1990)
In Vanuatu, carbon sequestration by mangroves was valued at $6,985 per hectare in Crab Bay and at $7,334 per
hectare in Eratap. The authors of this study used an estimate of volumes of carbon dioxide in the soil and applied the
market price of carbon offsets. (Pascal and Bulu 2013)

4.5 Coastal Protection
In American Samoa, the value of indirect shoreline protection by the mangroves around Pala Lagoon was estimated to
be $169,426. This estimate reflects how much it would cost to replace three kilometers of mangroves at a cost of $1,882
per meter. (Spurgeon et al. 2004)
The coastal protection value of mangroves in the Navakavu Locally Managed Marine Area of Fiji was estimated to be
$133,392 per year using benefits transfer. (O’Garra 2007)
The avoided cost method was used to estimate the value of coastal protection in Samoa at $5,193,970. This estimate
reflects the assumption that mangrove forests protect 25.7 kilometers of coastline and that typical seawall construction
costs $202–$404 per linear meter. ( Mohd-Shahwahid 2001)
Coastal protection benefits were estimated at two sites in Vanuatu. In Crab Bay, mangrove coastal protection was
estimated to be $94.64 per hectare, and in Eratap, to be $3,486 per hectare. These figures reflect real estate values
and use of the avoided costs method. The difference in values for Crab Bay and Eratap is most likely due to the locales’
different real estate uses. Eratap is home to two resorts; Crab Bay is mostly surrounded by crops. (Pascal and Bulu
2013)

4.6 Other
Non-use benefits of mangroves in American Samoa were estimated to be worth $1.654 million per year, $678,962 of
which is attributable to residents; $40,160, to visitors; and $934,984, to the U.S. public. These values were based on a
general public questionnaire and benefits transfer. (Spurgeon et al. 2004)
In Vanuatu, Eratap mangrove tourism was valued at $3,478 per year using a survey of tourism operators to find the price
of services. (Pascal and Bulu 2013)
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Open ocean including high seas

5.1 Fishing, All Species
Fishing is a major economic sector throughout the Pacific Ocean; a great deal of data exists for fishing values throughout
the various Pacific island countries and territories. This section highlights the importance to the region of offshore
fishing, the most important component of which is tuna fishing. For more information on fishing values in a particular
country, access the original reports cited here.
In the Pacific Island Countries and Territories, the annual value of offshore fishing in 2007 was estimated to be more
than $1.7 billion, including more than $681 million per year for locally based fisheries and $1.23 billion per year for
foreign-based fisheries. These values were based on dockside prices. (Gillett 2009)
In 2007, Papua New Guinea had the highest offshore foreign-based production, bringing in an estimated $441,760,949
per year (based on either dockside prices or prices at first sale). Kiribati was second with an offshore foreign-based
fishery estimated at $225,305,839 per year, followed by the Federated States of Micronesia at $202,603,008 per year,
and the Solomon Islands at $175,565,670 per year. (Gillett 2009; Gillett provides data for 22 countries and territories in
the Pacific)
In 2007, offshore locally based fisheries were estimated to generate $293,160 annually for Papua New Guinea, $72,683
per year for the Marshall Islands, and $27,005 per year for the Solomon Islands. (Gillett 2009; Gillett provides data for
22 countries and territories in the Pacific)

5.2 Fishing, Tuna
Tuna remains a highly valuable species throughout the Pacific Island Countries and Territories. In 2012, the total
estimated annual value for tuna, based on prices paid at the processor, was $7.4 billion—an increase of 23% from 2011.
Tuna caught using purse seine nets accounted for 56% of the total value; tuna caught in the longline fishery made up
27%. Skipjack represented 49% of the total value; yellowfin, 30%; bigeye, 15%; and albacore, 6%. In 2012, fishermen
caught more than 2.6 million tonnes of tuna, the highest volume on record and 59% of the global tuna catch. (Williams
and Terawasi 2013)
Tuna is one of the most important fishing exports in the Pacific region. Tuna exports in American Samoa nearly equaled
the value of all the other fishery exports for all the other Pacific Island countries combined. The estimated total value of
fishery exports for American Samoa in 2006 was $515,689,645 per year. (Gillett 2009)
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6

NEARSHORE ECOSYSTEMS

In 2007 in the Pacific Island Countries and Territories, the combined value of fishery and aquaculture production,
including subsistence fisheries, local commercial fisheries, and foreign-based commercial fisheries in nearshore and
open ocean habitats, was estimated to be more than $2.29 billion per year. This value was estimated to contribute as
much as 10% of gross domestic product in the region. Pacific Island countries and territories received an additional
$89.6 million per year in access fees and other charges to foreign fishing vessels. Of this value, coastal commercial
fisheries contribute an estimated annual value of $183,095,210, and coastal subsistence fisheries, an estimated annual
value of $221,413,537. These values are based on fish prices at the dock. (Gillett 2009)
A 2007 study estimated the total economic value of reef-related fisheries in Guam at $4.52 million per year. This value
includes $3.91 million per year for non-market benefits, such as cultural values, that were estimated using a discrete
choice survey of 400 local residents and $0.622 million for the market value of fisheries that was estimated on the basis
of fishery statistics and interviews with fishermen. Local families had a willingness to pay for fish catches of $105 per
fisherman when sharing fish with family and friends and a willingness to pay for selling fish on the market of $36 per
fisherman. The authors of the study believe this finding implies that sharing fish is significantly more important to local
families than earning additional income. (Beukering et al. 2007)
The fisheries of Hawai’i have an estimated value of $1.6 million per year, assuming average fish prices of $6.28 per
kilogram and a value added percentage of 60%. (Cesar and van Beukering 2004)
A study in Hawai’i measured anglers’ willingness to pay for an increased catch rate of Pacific threadfin from a subsidized
stock enhancement program. The contingent valuation method was used, and 41 recreational anglers fishing in Oahu
responded to the final questionnaire. Anglers were willing to pay $9.98 for 3.8 fish per trip, which was the catch rate at
the time of the survey. Their willingness to pay for the current catch rate plus hypothetical increments of 1, 3, 9, and 11
fish per trip due to the proposed program were $12.61, $17.16, $25.04, and $25.75, respectively. (Cantrell et al. 2004)
A study in Oahu, Hawai’i, found that anglers were willing to pay an average of $11.68 per trip for access to coastal
fishing sites. There are an estimated 6,600 small boat anglers in Oahu for an estimated 79,200 fishing trips per year. The
aggregate average willingness to pay for access to coastal areas was estimated to be $925,274. (Haab et al. 2008)
A survey of the fisheries in Majuro, Marshall Islands, estimated the annual net benefits of coastal fisheries at $2.95–3.05
million, of which 80–86% accrued to fishermen and 14–20% to local retailers. Considering that Majuro has 48.8 square
kilometers of coral reef, coastal fisheries bring in $60,000–$109,900 per square kilometers of reef. The value is based on
various data sources and a household survey that estimated fish catch using the market price method. (Gjertsen et al.
2013)
In the 1999–2000 period, the Samoa fishery produced 9,159 million tons and was valued at more than $62.9 million. A
large part of this catch went to the export market (49%) and to personal consumption (47.5%); only 3% was sold in the
domestic market. (Mohd-Shahwahid 2001)
In the Solomon Islands, fisheries accounted for 6.7% of gross domestic product in 1993 and increased to 12% by 1998.
In 1999, marine product exports (including tuna) accounted for $45.29 million. The annual production of subsistence and
artisanal fisheries was 11,150 tonnes, estimated to have a value of more than $17.07 million. (Kile 2000)
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OTHER ECOSYSTEM GOODS
and SERVICES
7

This section presents the values of ecosystem goods and services that do not fit in the above categories, including shark
diving, whale watching, and non-reef-based aquaculture throughout the Pacific.

7.1 Sharks
In 2011, shark diving in Fiji was valued at $44.4 million per year on the basis of revenues generated by the shark-diving
industry and taxes paid by divers to the government. These taxes included $12.2 million annual corporate taxes and $6.2
million direct taxes. Local communities receive at least $4.2 million each year from shark diving, including $4.11 million
from salaries paid to employees. (Vianna et al. 2011)
On Moorea Island, French Polynesia, sharks were estimated to contribute $5.6 million each year in tourism-related
revenues. Each of the 13 most frequently observed sharks contributed, on average, $333,781 each year or $2.78 million
over the course of its lifespan. (Clua et al. 2011)
A series of surveys and government statistics were used to estimate the value of shark diving in Palau. The shark-diving
industry there was estimated to generate an annual $18.5 million, approximately 8% of the country’s gross domestic
product. Shark diving was estimated to be responsible for $1.23 million in salaries to the local community each year as
well as $1.54 million in taxes to the government each year. Approximately 100 sharks regularly interact with tourists at
popular dive sites. If these sharks were harvested by fishers, their economic value would be at most $11,151. (Vianna et
al. 2012)

7.2 Whales and Dolphins
The whale-watching industry throughout the Pacific Region (including the 22 countries and territories of the Secretariat
of the Pacific Regional Environment Programme) has seen a 45% increase in whale watchers from 1998 to 2005. The
number of whale watchers increased from 10,309 in 1998 to 110,716 in 2005. The 2005 estimated direct expenditures on
whale watching were $9,135,099; total expenditures, including indirect spending such as meals, hotels, and souvenirs,
equaled an estimated $25,506,025. (O’Connor 2008a)
Most whale watchers in the region travel to Guam, which received an estimated 84,000 visitors in 2005 and $19.679
million in total economic expenditures annually. French Polynesia had approximately 6,000 whale watchers in 2005,
bringing in $1.595 million in total expenditures. New Caledonia received 4,906 whale watchers for $1.250 million in total
expenditures in 2005. (O’Connor 2008a)
In Hawai’i, whale watching brought in an estimated $15–$22 million during the 1999 whale season. The lower estimate
includes only direct revenues generated by commercial whale–watching tours; the upper estimate includes snorkeling
trips with a whale-watching component. The total economic impact, including direct, indirect, and induced revenues, was
$27–$38 million in 1999. The season included a total of 52 vessels offering a total of 87 trips each day. A total of nearly
370,000 whale watchers joined the 1999 season, which accounted for 280–390 full-time jobs in Hawai’i. (Utech 2000)
In Hawai’i, a stated-choice survey assessed visitors and residents’ willingness to pay to swim with dolphins. The study
found that visitors in the 25-year-old age group were willing to pay $45.31 more to swim with dolphins compared with
swimming alone; residents were willing to pay $22.10 more. Visitors in the 45-year-old age group were willing to pay an
additional $26.52 to swim with dolphins. Residents in that age group did not care to swim with dolphins at a significant
level. Visitors and residents in the 65- year-old age group valued swimming with dolphins no more than viewing them
from a boat. (Hu et al. 2009)
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A study for the Solomon Islands notes that dolphin teeth are valued at $3 each. The Malaita people in Fanalei, the
Walande in the south, and the Ata’a people in the north harvest dolphins for both their meat and teeth. Dolphins have
about 200 teeth. (Kile 2000)
According to a 2008 study, in the Kingdom of Tonga whale watching annually generates total estimated expenditures of
approximately $2,081,095. This value includes $825,786 in direct expenditures, $13,956 in government revenues, and
$1,244,713 in indirect expenditures. In 2006, Tonga had more than 9,800 whale watchers. (O’Connor 2008b)
According to a 2013 study, in the Kingdom of Tonga the expenditures associated with whale watching grew from
$711,000 per year in 1999 to $5.52 million per year in 2009. The direct expenditure on whale-based tours in Vava’u was
$663,024 in 2009. In that year, the total expenditure (including spending on accommodation, transport, souvenirs, food,
and so on by whale-watching tourists) was $5,155,062. Employees of whale-watching businesses received an additional
$289,520, of which an estimated 80% was re-spent in the Vava’u area, which, in turn, generated an estimated additional
(“induced”) economic activity of $232,058 in the 2009 season. Questionnaires were used to collect data from 499
tourists traveling by aircraft, 52 tourists traveling by cruising yacht, and 10 whale-watching business operators. These
questionnaires examined only expenditures and revenue and did not attempt to estimate the non-use value of whales.
(O’Connor 2008b)

7.3 Seaweed
Seaweed farming began in Kiribati in 1994, leading to the production of Kappaphycus alvarezii (basionym Eucheuma
alvarezii) in the Line Island atolls. Lagoons on the islands of Kiritimati (Christmas Island) and Tabuaeran (Fanning Island)
were chosen for the development program. Within a few years the commercial farming of seaweed brought in a net
income of $5,440 per year per family unit for a farmed area of 900–1,000 square meters. In 1997, more than 420 people
were receiving an income from seaweed and 29% of all households on Kiritimati recorded seaweed as their main source
of income. The total Kiribati harvest was brought to more than 1,200 tons per year. (Luxton and Luxton 1999)

7.4 Pearl Farming
Since 1962, French Polynesia has dominated the world production of Tahitian cultural pearls (from the Pinctada
margaritifera oyster). In 2011, pearl farming was carried out on 26 atolls and 4 high islands; a total of 10,000 hectares
were authorized for pearl farming. In 2000, French Polynesia exported approximately $275 million worth of raw pearls.
The country produces more than 98% of the world’s Tahitian pearls. (Cartier and Carpenter 2014)
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8

VALUES OF COMBINED ECOSYSTEMS

A study of Fiji estimated the benefits provided by coral reefs and mangroves at $1,853,464 per year using catch surveys,
contingent valuation, secondary data sources, the value of ﬁsheries, bequest value, and a coastal protection function.
(O’Garra 2012)
The total economic value, per year, of the coastal ecosystems of the Navakavu Locally Managed Marine Area in Fiji
was estimated at $2,017,186–$2,043,099. The present value of the coastal ecosystems, over a 20-year period with a
10% discount rate, was estimated at $19.68 million–$19.93 million. Fisheries, research, coastal protection, and bequest
values were measured. Fisheries made up 45% of the estimated value, followed by coastal protection at 33%. (O’Garra
2007)
A study in Hawai’i examined several management strategies to protect the natural resources of Hanauma Bay Nature
Park in Honolulu. In 1990, the park charged no admission fee, and Honolulu instituted rules to limit its number of visitors.
Concession revenues totaled nearly $1.8 million per year, and the new management plan cost $380,911 to cover park
attendants and staff. In 1995, introduction of a $7.78 admission fee generated $3.5 million that year. The fee was
eventually repealed for political reasons. (Mak and Moncur 1997)
A study conducted in 2000 estimated that Samoans enjoy a total ecosystem value from marine ecosystems of
$15,180,349 each year; the total estimated value enjoyed by Samoans and the rest of the world combined was estimated
to be $185,098,240 per year. Local total economic value included fishery, recreation, cultural, and ecological function
values. Global total economic value included climate regulation services, nutrient cycling, and biological control. The
authors used a variety of methods to estimate these values, including contingent valuation, market prices, and benefit
transfer. (Mohd-Shahwahid 2001)
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GLOBAL VALUES

Research on ecosystem goods and services has grown by leaps and bounds over the past decade. Today there are
hundreds of studies for coastal and marine ecosystems around the world. Some of these studies may be useful to the
Pacific region, either for use in benefit transfer studies or simply to put local information in context. Below are a few
examples of global values that may be of use in the Pacific.

9.1 Coral Reefs

A meta-analysis of coral reef studies found the average value for coral reef recreation to be $210 per visit, with a median
of $19.44 per visit. Values vary considerably by location, recreational activity, and valuation method. The meta-analysis
collected 166 studies from around the world and used 52 in its calculations. (Brander et al. 2007)

9.2 Coasts

A meta-analysis of 79 coastal recreation studies found that coastal recreation was estimated to be valued, on average, at
$6,053 per hectare per year ((±14,500 per hectare per year). (Ghermandi and Nunes 2013)

9.3 Deep Sea

The deep sea, often defined as the waters and sea floor below 200 meters, may offer a wealth of ecosystem goods and
services, many of which have yet to be tapped. The deep sea is being explored for mining opportunities that could bring
new revenue streams to the Pacific. The deep sea is also home to many commercial fish. In 2006, European Union
bottom fishing in the High Seas was estimated to have a value of $810 million. Further, deep sea prospecting is expected
to have a value of $50 billion per year. (Armstrong et al. 2009)

9.4 Mangroves

A meta-analysis of 44 mangrove studies found the total economic value of mangroves to range from $2,810 to $82,950
per hectare per year, with a mean of $29,595 per hectare per year. Mangrove fisheries had a mean value of $24,382
per hectare per year; mangrove forestry products, $39,356 per hectare per year; and mangrove recreation and tourism,
$39,162 per hectare per year. (Salem and Mercer 2012)
Another meta-analysis of 41 mangrove studies found the average mangrove value to be an estimated $4,321 per hectare
per year, with a median of $246 per hectare per year. If the analysis’s estimates are applied to the estimated mangrove
loss in Southeast Asia, $2.47 billion in mangrove ecosystem services can be expected to be lost in the region by 2050
(with the year 2000 as a baseline). (Brander et al. 2012)
An analysis of 43 data sets estimated that mangrove-based shrimp fisheries produce an estimated $1,613 per hectare
per year on the basis of an average catch of 162 kilograms per hectare per year. This study also estimates the market
value of mangrove-based commercial fish species to range from $675 to $7,584 per hectare per year. (Rönnbäck 1999)
Mangroves are important to carbon sequestration and store more carbon per hectare than do tropical rainforests. Cutting
down a typical hectare of mangrove could contribute as much greenhouse gas emissions as the cutting of three to five
hectares of tropical forest. Carbon markets typically have prices of $0 to $30 tons of carbon dioxide equivalent, assuming
a price of $15 per ton of carbon dioxide equivalent. Oceanic mangroves could generate an average gross market value of
more than $18,900 per hectare, and estuarine mangroves, more than $13,700 per hectare. (Murray et al. 2011)

9.5 Wetlands

A meta-analysis of the wetland literature found 191 studies, 80 of which were used in the analysis. On average, wetlands
were estimated to have a value of $3,292 per hectare per year, with a median of $176 per hectare per year. The metaanalysis covered 25 countries from all continents. (Brander et al. 2006)

20
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CONCLUSIONS

Understanding the value of marine ecosystems can allow resource managers and decision makers in governments,
industry, and civil society to make better decisions regarding the use of marine resources. Resource use decisions are
often framed to oppose conservation and development goals, but investing in the sustainable use of marine resources
can often be good economics. The examples in this resource guide highlight the various ways marine ecosystems drive
important sectors of the economies of Pacific Island countries and territories. Such values can be used to inform
resource use decisions in cost-benefit analyses and impact assessments or as a direct testament to the value of marine
and coastal ecosystems.
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APPENDIX A

RESOURCES FOR ECOSYSTEM
SERVICES VALUATION
To access the studies mentioned in this resource guide, contact the Pacific Resource and Environmental
Economists Network (PREEN) at www.sopac.org/preen or visit the Marine Ecosystem Services Partnership at http://
marineecosystemservices.org.
For more information on the ocean economy:

Why Value the Oceans?
www.grida.no/publications/teeb/
This Economics of Ecosystems and Biodiversity (TEEB) discussion paper explores how ocean and coastal management
could be improved by a better understanding of the economic value of marine ecosystem services.

Green Economy in a Blue World
www.unep.org/pdf/Green_Economy_Blue_Full.pdf
UNEP highlights the social and economic importance of marine ecosystems in this report which looks at six marinebased economic sectors: fisheries and aquaculture, marine transport, marine-based renewable energy, ocean nutrient
pollution, coastal tourism, and deep-sea minerals. This report maintains that transitioning to a green economy can reduce
the degradation of the oceans while also alleviating poverty and improving livelihoods.
For guidance on how to conduct a valuation study:

Valuing the Environment in Small Islands: An Environmental
Economics Toolkit
http://jncc.defra.gov.uk/page-4065
This guidebook provides the ideas, tools, and techniques necessary to include the value of the environment in planning
and development decisions. Aimed at government officials, policy makers, and researchers on small islands, this
resource explains when to undertake a study, who to involve, how to implement the study, and how to use the results.
This toolkit was developed by the Joint Nature Conservation Committee’s Environmental Economics with the Overseas
Territories in the Caribbean (EEWOC) project.

Coastal Capital: Ecosystem Valuation for Decision Making in the
Caribbean
www.wri.org/publication/coastal-capital-guidebook
This guidebook, developed by the World Resources Institute, leads its users through the three phases of a valuation
effort aimed at informing decision making: (1) scoping, (2) analysis, (3) outreach and use of results. The guidebook draws
on lessons from coastal valuations that successfully informed decision making in the Caribbean and includes information
on various methodologies, numerous case studies, and links to resources for further reading.

Marine and Coastal Ecosystem Services: Valuation Methods and Their
Practical Application
www.unep.org/dewa/Portals/67/pdf/Marine_and_Coastal_Ecosystem.pdf
This report by UNEP-WCMC outlines the various methods used in valuation studies, including their basic steps,
applications, and case studies.
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For helpful tools:

Ecosystem-Based Management Tools Network (EBM Tools)
www.ebmtools.org/about_ebm_tools.html
EBM Tools is a leading guide to information and tools that help practitioners incorporate scientific and socioeconomic
information into decision making. The network offers a database of tools and case studies as well as trainings and
webinars.

Earth Economics – Ecosystem Valuation Toolkit
http://esvaluation.org/
Earth Economics offers a repository for both terrestrial and marine ecosystem service studies.

Natural Capital Project – InVEST
www.naturalcapitalproject.org
InVEST is a suite of software models that can be used to map and value ecosystem goods and services.

Artificial Intelligence for Ecosystem Services (ARIES)
www.ariesonline.org/
ARIES is a suite of applications that help users conduct rapid ecosystem service assessments and valuations.
For more information on how ecosystem services are being used throughout the world:

Millennium Ecosystem Assessment (MA)
www.maweb.org
The assessment ran from 2001 to 2005 and involved more than 1,360 experts appraising the condition and trends of
the world’s ecosystems and the services they provide. It consists of several reports, including Current States & Trends,
Policy Responses, and A Framework for Assessment.

The Economics of Ecosystems and Biodiversity (TEEB)
www.teebweb.org/
TEEB is an ongoing global initiative to draw attention to the economic benefits of biodiversity and costs of ecosystem
degradation. It has published several study reports, including reports aimed at international policy makers, local policy
makers, and business. A TEEB for Oceans and Coasts is in the works. (http://teeboceans.org/)

Wealth Accounting and the Valuation of Ecosystem Services (WAVES)
www.wavespartnership.org
A global partnership of UN agencies, governments, international institutes, NGOs, and academics, WAVES aims to
implement natural capital accounting and to develop approaches for other ecosystem service accounts.
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APPENDIX B

GLOSSARY
This glossary is informed by the Economics of Ecosystems and Biodiversity initiative (www.teebweb.org/resources/
glossary-of-terms/) and the World Resources Institute.
Annual value (versus “marginal value”): The value of an ecosystem good or service, from a particular point in time,
evaluated over a year.
Avoided cost (aka, the “cost of avoided damage”): A valuation method that estimates the costs avoided due to the
presence of an ecosystem service. Typically used to estimate the value of ecosystems protecting against natural
disasters such as floods and hurricanes.
Benefits: The positive change in wellbeing due to fulfillment of needs and wants.
Benefits transfer: An economic valuation approach that uses results obtained from existing studies and applies them to
a new context.
Bequest value: The value assigned to resources that can be passed on to future generations; reflects intergenerational
equity issues.
Choice modeling: A valuation method that values multiple attribute changes simultaneously (for example, beach width,
water quality, and reef health). Choice modeling can assess the relative value of multiple attributes and analyze tradeoffs.
Consumer surplus: The benefits enjoyed by consumers above what they actually paid for those benefits.
Consumptive use: Use of the environment that involves consuming, or using up, a resource. Examples include fisheries
and mangrove wood.
Contingent valuation: A stated preference valuation method in which survey participants state their willingness to pay for
certain benefits. This method is often used to assess non-use values such as the value of knowing a coral reef exists.
Cost of avoided damage: See Avoided cost.
Cost-benefit analysis: Quantifies the costs and benefits of an investment, project, or policy to determine its feasibility.
Commonly used in decision making, cost-benefit analysis can help users assess alternative options in monetary terms.
Direct use value: The benefits derived from an ecosystem good or service that are directly used by people. These
values include consumptive uses (e.g., fisheries) and non-consumptive uses (e.g., enjoyment of scenic beauty).
Discount rate: A rate used to calculate the present value of future benefits. People generally prefer to have money now
rather than in the future; adjusting values with a discount rate reflects this preference.
Double counting of services: Mistakenly including the same ecosystem service more than once in an economic analysis.
Economic impact analysis: Analyzes the impacts of spending revenues, wages, and taxes gained from selling
ecosystem goods and services on the market. This analysis can also include impacts on the wider economy that were
spurred by direct spending.
Economic valuation: An assessment of the value of ecosystem goods and services; often expressed in monetary terms,
it can also be expressed in social or biophysical metrics.
Ecosystem: A set of complex relationships among organisms, their communities, and their environment. Well-known
marine ecosystems include coral reefs, mangroves, and wetlands.
Ecosystem goods and services: The resources and processes offered by ecosystems that benefit humankind.
Existence value: The value individuals place on knowing a resource exists, even if they have no intention of ever using it.
Financial analysis: A valuation method that analyzes economic activity generated by using ecosystem goods or
services. This method uses observed market prices and differs from an economic impact analysis by calculating net
revenues (subtracts operating costs from total revenue).
Hedonic pricing: A valuation method based on the idea that the market price of a good is based on environmental
factors that can affect the base price of that good. Hedonic pricing is most commonly used to assess the effect of
environmental attributes (e.g., ocean view, distance to beach) on housing prices.
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Indirect use value: The benefits derived from goods and services used by individuals indirectly. Generally refers to
supporting services (e.g., flood protection, water purification).
Marginal value (versus “annual value”): The change in the value of an ecosystem good or service due to a change
in the environment because of a change in human actions (i.e., increased pollution or improved management). The
marginal value assesses the effects of a specific policy.
Market price methods: Valuation methods that use market prices to assess the value of ecosystem goods and services.
Meta-analysis: A valuation method that synthesizes results from existing valuation studies by using statistical analyses.
Multiplier effect: An increase in spending that produces an additional increase in national income and consumption.
When a tourist spends money to go scuba diving, he or she brings in revenues that are re-spent throughout the
economy.
Natural capital: Refers to Earth’s limited stocks of physical and biological resources. Similar to the economic notion of
capital.
Net present value: The current value of a stream of ecosystem service values over time, adjusted to a base year by
discounting.
Net value: The total value of an asset (such as a coral reef) minus the costs to maintain that asset (conservation fees
and so on).
Net social surplus: The value of an activity or transaction that takes into account the value added by all members of
society affected by that activity. Pollution may not directly affect consumers, but many members of society would prefer
not to have polluted oceans and would pay to keep them healthy.
Non-market methods: Valuation methods used when market prices are unavailable. Includes both revealed and stated
preference techniques.
Non-consumptive uses: Uses of the environment that do not involve consuming, or using up, the resource. Examples
include swimming, diving, and appreciating scenic beauty.
Non-use values: Values associated not with actual use, but rather with the knowledge of knowing that a good or service
exists and could be used in the future. Examples include option, future use, and existence values.
Option value: The value individuals place on having the option to use a resource or ecosystem sometime in the future.
Payments for ecosystem services: Projects or payment schemes that require beneficiaries of ecosystem goods or
services to pay for their use, thereby incentivizing conservation and sustainable uses.
Policy question: A question that would inform a policy, management, or investment decision.
Producer surplus: The difference between the sale price and the minimum price a producer is willing to accept.
Production function: A valuation method that estimates a change in value by assessing the change in a good or service
caused by a change in an environmental resource.
Replacement cost: A valuation method that estimates the cost of replacing an ecosystem service with a man-made
equivalent. Frequently used to assess the value of shoreline protection offered by coral reefs.
Revealed preference approach: Refers to non-market valuation methods that use data from market transactions or
proxy markets to determine the value of an ecosystem good or service. The travel cost method is one example.
Stated preference approach: Refers to non-market valuation methods that gather input from individuals through surveys
to determine the value of an ecosystem good or service. Examples include contingent valuated and choice modeling.
Travel cost method: A revealed preference valuation method that uses data about visitation to a site to construct a
demand function for an environmental resource. Often used to estimate the recreational use value of a resource based
on specific attributes.
Total economic value: The value of an ecosystem, including its use and non-use values.
User fee: A fee or tax imposed on the use of services or facilities.
Willingness to accept: The amount a person is willing to receive in compensation for giving up a good or service.
Willingness to pay: The maximum amount a person is willing to pay for a good or service.
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