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Healthy, functioning ecosystems are our natural capital 
and are essential for our quality of life & well-being…

…they provide services that we take for granted, because 
we get them for free.



• “Ecosystem conditions and processes that 
support and sustain human life” (Millenium Ecosystem 
Assessment)

• Flows of value to human societies as a result 
of the state and quantity of natural capital (TEEB 
summary report)

Ecosystem Services: Definitions



• Provisioning services – e.g., timber, fish, wildlife (hunting), water, 
wild foods and medicinal plants (e.g., traditional uses), rangeland

• Regulating services – e.g., air quality regulation, climate regulation, 
waste treatment, water flow regulation, moderation of 
disturbances, pollination, erosion control, biological control; 

• Cultural services – e.g., recreation, spiritual and aesthetic values, 
education & cognitive development, inspiration for art; 

• Supporting services – e.g., nutrient cycling, habitats (e.g., spawning 
grounds), genepool protection 

Categories of Ecosystem Services 
(Millenium Ecosystem Assessment)
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• basic material for a good life, such as secure and adequate livelihoods, 
enough food at all times, shelter, clothing, and access to goods

• health, including feeling well and having a healthy physical environment, 
such as clean air and access to clean water

• good social relations, including social cohesion, mutual respect, and the 
ability to help others and provide for children

• security, including secure access to natural and other resources, personal 
safety, and security from natural and human-made disasters

• freedom of choice and action

Human Well-being 
(Millennium Ecosystem Assessment)



Human Well-being 
(Millennium Ecosystem Assessment)



• All indicators suggest that we are living beyond 
Earth’s natural biocapacity and thus eroding 
our natural capital, and ecosystem’s ability to 
provide us with ecosystem services, 
threatening the ability of humans to live 
healthy and fulfilled lives

The Problem



Figure reproduced from Barbier, 2014, Nature
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NATURAL CAPITAL
The decline in natural capital has been five times greater on average in developing 
economies than in the eight richest countries.

CUTTING COSTS
Losing one-third of its mangroves to deforestation since 1970 has cost Thailand more 
than US$2.73 billion — a sum that has never appeared in national accounts.

As the world economy 
recovers from the recent 
economic crisis, so does 
the rate of resource use.

Losses are 
small, but 
values are 
now small.

Dramatic population 
growth and deforestation.

Thailand is estimated to have lost around 
one-third of its mangroves since the 1970s, 
mainly to the expansion of shrimp farming 
and other coastal development. 

MANGROVE ECONOMICS
Mangroves provide four essential ecosystem 
benefits: wood and products such as shell-
fish, plants, honey and medicines; nursery 
and breeding grounds for offshore fisheries; 
storm protection; and carbon sequestration. 

I use estimates of these benefits to deter-
mine the annual net gain or loss in mangrove 
value resulting from conversion to other 
land uses. This net value has two compo-
nents. The remaining mangroves generate 
extra benefits each year that do not appear 
in the national accounts, such as net sub-
sistence for local coastal communities and 
economy-wide carbon-sequestration ben-
efits. From these values, I subtract the net 
loss in land value that arises each year from 
converting mangroves to some other eco-
nomic activity, such as shrimp farming. 

The economic impacts are significant. 
During the 1970s and 1980s, when man-
grove deforestation was rapid, Thailand lost 
US$1.69 and $0.76, respectively in mangrove 
net values per person per year. By 2009, 
around one-third of the 1970 mangrove 
area was deforested and Thailand’s popula-
tion had grown rapidly. As a result, the total 
value from the subsistence and carbon ben-
efits of the remaining mangroves has halved, 
from $0.57 to $0.28 per person per year (see 
‘Cutting costs’). This means that even though 
mangrove loss slowed in the 1990s and 2000s, 
the net values of mangroves were very mod-
est, only $0.11 and $0.25 respectively. 

To put it another way, cumulative man-
grove deforestation over the past four 
decades in Thailand has cost each Thai 
citizen $40. This debit amounts to losses of 
more than $2.73 billion, which have never 
appeared in Thailand’s national accounts. 

COUNTING THE COST
Many more examples are now needed — 
for different countries and regions, and 
for other key ecosystems, such as tropical  
forests, coral reefs, freshwater wetlands, 
grasslands and so on. 

There are three caveats. First, there 
are clearly intrinsic values to preserving 
unique natural resources, species and eco-
systems, as well as the biological diversity 
contained in these systems, which are not 
captured by such an approach. Second, 
the benefits of many important ecosystem 
services are difficult to value, such as pol-
lution control, pollination, climate regu-
lation and watershed protection. Third, 
measures of natural-resource depletion 
need to move beyond minerals, energy 
and timber harvests to include other vital 
resources, such as soils, air quality, aquifers,  

fisheries and non-timber forest resources. 
The UN and the World Bank have begun 

pilot studies to construct adjustments to 
income and wealth that include changes in 
ecological capital. The UN Inclusive Wealth 
Report 2012 has developed3 accounts from 
1990 to 2008 for 20 countries that include 
non-timber benefits from forests, carbon 
sequestration, fisheries (for four countries 
only), carbon damages and agricultural 
land, as well as minerals, energy and tim-
ber. The World Bank is expanding pilot 
studies on ecosystem accounting from  
8 to 15 developing countries, which cover 
water, forest and mangrove ecosystems (see  
www.wavespartnership.org). 

For estuarine and coastal ecosystems, 
there are already 80 valuation estimates from 
all over the world for storm protection, ero-
sion control, water purification and supply, 
carbon sequestration, recreation and main-
tenance of fishing, hunting and foraging 
activities — and the list is growing4.

What will it take to move beyond these 
encouraging pilot studies? The UN systems 
of national accounts must adopt a more 
systematic approach that all countries can 
follow to account for losses of natural capi-
tal and ecological capital, as we already do 
for fixed capital depreciation. And, in the 
case of complex ecosystems and landscapes, 
we need to resolve problems of ‘double 

counting’ ecosystem services that might 
serve as ‘inputs’ into production or that are 
provided by multiple ecosystems, such as the 
protection of shorelines simultaneously by 
coral reefs, seagrass beds and mangroves. 

Piketty might be right that, since 1970, 
there has been substantial accumulation 
of capital relative to income in the rich 
countries of the world. As low- and middle-
income countries try to emulate this suc-
cess, they will also be striving to accumulate 
more wealth. But as my estimates show, our 
economies have been trading one form of 
capital, Earth’s riches, for another — human 
riches. Without accounting accurately for 
this trade-off, we will continue to have a 
false impression of economic progress and 
growth. That is as dangerous as flying an 
aeroplane into the night without navigation 
tools or instruments. ■

Edward B. Barbier is professor of economics 
at the University of Wyoming, Laramie, 
Wyoming, USA.
e-mail: ebarbier@uwyo.edu
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Global ecological footprint
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Economic Valuation of Ecosystem Services -  
A solution?
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Biodiversity is for sale.

• Introduces the concept of natural capital, to which we can 
attach a monetary value

• Attempt to internalize environmental externalities into the 
current economic system

• Based on the premise that unsustainable use of natural 
resources occurs due to market signals that make it logical and 
profitable to do so and that the failure to account for the full 
economic values of ecosystems and biodiversity has been a 
significant factor in their continuing loss and degradation

Valuing nature: 
The ecological economics approach



The concept of natural capital

PHOTO: IAN WALKER

better understanding, modeling, valuation, and management of
ecosystem services and natural capital. It would be impossible to
list all of them here, but emerging regional, national, and global
networks, like the Ecosystem Services Partnership (ESP), are doing
just that and are coordinating their efforts (Braat and de Groot,
2012; de Groot et al., 2011).

Probably the most important contribution of the widespread
recognition of ecosystem services is that it reframes the relation-
ship between humans and the rest of nature. A better understand-
ing of the role of ecosystem services emphasizes our natural assets
as critical components of inclusive wealth, well-being, and
sustainability. Sustaining and enhancing human well-being
requires a balance of all of our assets—individual people, society,
the built economy, and ecosystems. This reframing of the way we
look at ‘‘nature’’ is essential to solving the problem of how to build
a sustainable and desirable future for humanity.

Estimating the relative magnitude of the contributions of
ecosystem services has been an important part of changing this
framing. There has been an on-going debate about what some see
as the ‘‘commodification’’ of nature that this approach supposedly
implies (Costanza, 2006; McCauley, 2006) and what others see as
the flawed methods and questionable wisdom of aggregating
ecosystem services values to larger scales (Chaisson, 2002). We
think that these critiques are largely misplaced once one under-
stands the context and multiple potential uses of ecosystem
services valuation, as we explain further on.

In this paper we (1) update estimates of the value of global
ecosystem services based on new data from the TEEB study (de
Groot et al., 2012, 2010a,b); (2) compare those results with earlier
estimates (Costanza et al., 1997) and with alternative methods
(Boumans et al., 2002); (3) estimate the global changes in
ecosystem service values from land use change over the period
1997–2011; and (4) review some of the objections to aggregate
ecosystem services value estimates and provide some responses
(Howarth and Farber, 2002).

We do not claim that these estimates are the only, or even the
best way, to understand the value of ecosystem services. Quite the
contrary, we advocate pluralism based on a broad range of
approaches at multiple scales. However, within this range of
approaches, estimates of aggregate accounting value for ecosystem
services in monetary units have a critical role to play in heightening
awareness and estimating the overall level of importance of
ecosystem services relative to and in combination with other
contributors to sustainable human well-being (Luisetti et al., 2013).

2. What is valuation?

Valuation is about assessing trade-offs toward achieving a goal
(Farber et al., 2002). All decisions that involve trade-offs involve
valuation, either implicitly or explicitly (Costanza et al., 2011).
When assessing trade-offs, one must be clear about the goal.
Ecosystem services are defined as the benefits people derive from
ecosystems – the support of sustainable human well-being that
ecosystems provide (Costanza et al., 1997; Millennium Ecosystem
Assessment (MEA), 2005). The value of ecosystem services is
therefore the relative contribution of ecosystems to that goal. There
are multiple ways to assess this contribution, some of which are
based on individual’s perceptions of the benefits they derive. But
the support of sustainable human well-being is a much larger goal
(Costanza, 2000) and individual’s perceptions are limited and often
biased (Kahneman, 2011). Therefore, we also need to include
methods to assess benefits to individuals that are not well
perceived, benefits to whole communities, and benefits to
sustainability (Costanza, 2000). This is an on-going challenge in
ecosystem services valuation, but even some of the existing
valuation methods like avoided and replacement cost estimates

are not dependent on individual perceptions of value. For example,
estimating the storm protection value of coastal wetlands requires
information on historical damage, storm tracks and probability,
wetland area and location, built infrastructure location, population
distribution, etc. (Costanza et al., 2008). It would be unrealistic to
think that the general public understands this complex connection,
so one must bring in much additional information not connected
with perceptions to arrive at an estimate of the value. Of course,
there is ultimately the link to built infrastructure, which people
perceive as a benefit and value, but the link is complex and not
dependent on the general public’s understanding of or perception
of the link.

It is also important to note that ecosystems cannot provide any
benefits to people without the presence of people (human capital),
their communities (social capital), and their built environment
(built capital). This interaction is shown in Fig. 1. Ecosystem
services do not flow directly from natural capital to human well-
being – it is only through interaction with the other three forms of
capital that natural capital can provide benefits. This is also the
conceptual valuation framework for the recent UK National
Ecosystem Assessment (http://uknea.unep-wcmc.org) and the
Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES – http://www.ipbes.net). The challenge in ecosys-
tem services valuation is to assess the relative contribution of the
natural capital stock in this interaction and to balance our assets to
enhance sustainable human well-being.

The relative contribution of ecosystem services can be
expressed in multiple units – in essence any of the contributors
to the production of benefits can be used as the ‘‘denominator’’ and
other contributors expressed in terms of it. Since built capital in the
economy, expressed in monetary units, is one of the required
contributors, and most people understand values expressed in
monetary units, this is often a convenient denominator for
expressing the relative contributions of the other forms of capital,
including natural capital. But other units are certainly possible (i.e.
land, energy, time, etc.) – the choice is largely about which units
communicate best to different audiences in a given decision-
making context.

3. Valuation is not privatization

It is a misconception to assume that valuing ecosystem services
in monetary units is the same as privatizing them or commodifying

Fig. 1. Interaction between built, social, human and natural capital required to
produce human well-being. Built and human capital (the economy) are embedded
in society which is embedded in the rest of nature. Ecosystem services are the
relative contribution of natural capital to human well-being, they do not flow
directly. It is therefore essential to adopt a broad, transdisciplinary perspective in
order to address ecosystem services.

R. Costanza et al. / Global Environmental Change 26 (2014) 152–158 153

Source: Constanza et al. 2014
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• For many provisioning ecosystem services (e.g., timber) there is 
a well defined market value that can be used

• For services with non-market values, a variety of methods are 
employed…

Valuing nature: 
Methods



52 A P P E N D I C E S

   Table 15: Non-Market Ecosystem Valuation Techniques127

Avoided Cost (AC): Ecosystem services allow society to avoid costs that would have been incurred in the 
absence of those services. For example, flood control provided by a barrier island reduces property damage 
along the coast.

Replacement Cost (RC): Services could be replaced with human-made systems. For example, nutrient 
cycling waste treatment can be replaced with costly treatment systems.

Net Factor Income (NFI): Services provide for the enhancement of incomes. For example, water-quality 
improvements increase commercial fisheries catches and incomes from the fishery. 

Travel Cost (TC): Service demand may require travel, the cost of which can reflect the implied value of the 
service. For example, recreation areas attract distant visitors whose value placed on that area must be at least 
what they were willing to pay to travel to it.

Hedonic Pricing (HP): Service demand may be reflected in the prices people will pay for associated goods. 
This method is often used to estimate property values. For example, housing prices along the coastline tend 
to exceed the prices of inland homes.

Contingent Valuation (CV): Service demand may be elicited by posing hypothetical scenarios in surveys 
that involve some valuation of land-use alternatives. This method is often used for less tangible services like 
wildlife habitat or biodiversity. For example, people would be willing to pay for increased preservation of 
beaches and shoreline.

E C O S Y S T E M  B E N E F I T  T R A N S F E R  A P P R O A C H

Benefit transfer (also called value transfer) identifies previously conducted studies that have 
assessed the value of an ecosystem service for a similar location, service and ecosystem. 
Benefit transfer (BT) involves the adaptation of existing valuation information or data to 
new policy contexts. In other words, the value determined for an ecosystem service from 
the original study site is applied to a new “policy” site.128

BT is becoming a practical way to inform decisions when primary data for a location 
is unavailable and primary valuation research is not possible given time and budgetary 
constraints. The number and quality of empirical economic valuation studies in the peer-
reviewed literature is steadily increasing. This provides not only many single-service and 
ecosystem-level studies, but average values from meta-analysis of multiple studies. 

A N A L Y S I S

129 It 
conducts complex statistical analyses of ecosystem services, and calculates dollar 
benefits based on your specific site conditions. This software was used to calculate:

tree cover (forest and urban parks) in relation to conversion to urban land-use

of the current condition of the Greenbelt’s watersheds. (i.e. average per cent forest 
cover). The replacement of the forest cover’s water treatment costs was calculated 
using the City of Toronto’s current cost of water treatment.

Valuing nature: Methods

Source: Wilson, 2008
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Valuing nature: 
The ecological economics approach

• A meta-analysis of hundreds of case studies for 
ecosystems around the world, suggests that the 
ecosystem services provided by the biosphere are 
estimated at $125 trillion per year (Constanza et al., 2014)



Case studies



• Many ecosystem services are consumed 
regionally, by people living in the landscape that 
provides those services

• There is thus the opportunity to act locally 
and achieve measurable benefits at regional 
and global scales

The Good News



PHOTO: IAN WALKER

Case study: Ontario Greenbelt

Source: Wilson, 2008, Ontario’s wealth, Canada’s future. Report prepared for the David Suzuki Foundation.

Ontario’s wealth
Canada’s future

A P P R E C I AT I N G  T H E  V A L U E  O F  
T H E  G R E E N B E LT ’ S  E C O - S E R V I C E S

The Greenbelt Act, 2005 enabled the creation of a Greenbelt Plan to 
protect about 1.8 million acres of environmentally sensitive and 
agricultural land around Greater Toronto
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Case study: Ontario Greenbelt

Source: Wilson, 2008, Ontario’s wealth, Canada’s future. Report prepared for the David Suzuki Foundation.

20 E C O S Y T E M  V A L U E S :  S O U T H E R N  O N TA R I O  G R E E N B E LT

3 . 1 . 1  T H E  I M P O R T A N C E  O F  F O R E S T S  F O R  C L I M A T E  C H A N G E

Maintaining the integrity of natural ecosystems is important for conservation and for 
climate change mitigation and adaptation purposes. As the climate continues to change, 
the conservation of natural ecosystems will become even more vital because of their im-
mense stores of carbon, and for their provision of species habitat and migration corridors. 
When a forest is converted to a field or a housing development, the disturbance of natural 
vegetation and soil results in the rapid release of carbon dioxide to the atmosphere. Con-
sequently, protecting the carbon stores that exist in our natural ecosystems will minimize 
the loss of ecosystem carbon. 

3.1.1.1 Forest Ecosystems as Carbon Banks 
Globally, forest ecosystems contain more than half of all terrestrial carbon and account for 
approximately 80 per cent of the exchange of carbon between terrestrial ecosystems and the 
atmosphere.27 Forests store enormous amounts of carbon in standing trees and in the soil 
because of their cumulative years of growth.28 Carbon storage and annual carbon sequestra-

Figure 4: Forest Land Cover in the Greenbelt
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Case study: Ontario Greenbelt

Source: Wilson, 2008, Ontario’s wealth, Canada’s future. Report prepared for the David Suzuki Foundation.

Table 5:able 5:TTable 5:TT  Summary Table of the Greenbelt’s Forests Ecosystem Values Summary Table of the Greenbelt’s Forests Ecosystem Values
EECOSYSTEM COSYSTEM SSERVICE FUNCTIONSERVICE FUNCTIONS VALVALUEUE TTOTAL OTAL 

$/HA/YEAR$/HA/YEAR $MILLIONS$MILLIONS

Air QualityAir Quality  $377.14  $377.14  $68.9  $68.9 

Climate regulation (carbon stored)Climate regulation (carbon stored)  $919  $919  $167.9  $167.9 

Climate regulation (annual carbon uptake)Climate regulation (annual carbon uptake)  $39.11  $39.11  $7.1  $7.1 

Water runoff controlWater runoff control  $1,523  $1,523  $278.1  $278.1 

Water filtrationWater filtration  $473.98  $473.98  $86.5  $86.5 

Erosion control and sediment retentionErosion control and sediment retention n/an/a n/an/a

Soil formationSoil formation  $17  $17  $3.2  $3.2 

Nutrient cyclingNutrient cycling n/an/a  n/a    n/a   

Waste treatmentWaste treatment  $58  $58  $10.6  $10.6 

Pollination (agri)Pollination (agri)  $1,109  $1,109  $202.5  $202.5 

Pollination (trees)Pollination (trees)  $537  $537  $98.0  $98.0 

Biological controlBiological control  $25.97  $25.97  $4.7  $4.7 

Habitat/RefugiaHabitat/Refugia n/an/a n/an/a

Genetic resourcesGenetic resources n/an/a n/an/a

Recreation & AestheticsRecreation & Aesthetics  $334.73  $334.73  $61.1  $61.1 

Cultural/SpiritualCultural/Spiritual n/an/a n/an/a

Total forest area (ha)Total forest area (ha)  182,594  182,594 

Total C$(2005)Total C$(2005) $5,414 $5,414  $988.6 $988.6



PHOTO: IAN WALKER

Case study: Ontario Greenbelt

Source: Wilson, 2008, Ontario’s wealth, Canada’s future. Report prepared for the David Suzuki Foundation.

41O N TA R I O ’ S  W E A LT H ,  C A N A D A’ S  F U T U R E

3 . 5 . 6  S U M M A R Y  O F  A G R I C U L T U R A L  E C O S Y S T E M  S E R V I C E  V A L U E S

Table 9 provides a summary of the ecosystem services provided by agricultural lands. The 
total non-market value of the Greenbelt’s croplands is estimated at $183 million per year 
($477/ha/year). The annual value of idle land is estimated at $132 million, or $1,667 per 
hectare. The annual value of hedgerows is estimated at $12 million, or $1,678 per hectare. 
The annual cumulative total value is $329 million per year.

 Table 9: The Value of Ecosystem Services provided by the Greenbelt’s Farmlands
ECOSYSTEM CROPLAND IDLE LAND  HEDGEROWS  ORCHARDS TOTAL 
SERVICES $/HA/YEAR $/HA/YEAR $/HA/YEAR $/HA/YEAR $MILLIONS

Climate regulation  $333   $317   $328   $298   $156.7  
(stored carbon in soils)

Climate regulation     $29   $29   $29   $2.6  
(annual carbon uptake)

Erosion control and   $6   $6   $6   $0.5  
sediment retention

Soil formation  $6   $6   $6    $2.8 

Nutrient cycling   $24   $24   $24   $2.1 

Habitat for Pollination   $1,109   $1,109    $95.3  
for Crop Production

Biological Control   $40   $40   $3.4

Cultural value  $138   $138   $138   $138   $65.7 

Total $/ha/yr  $477   $1,667   $1,678   $494  

Area (ha)  384,378   78,889   7,039   5,202   475,508 

Total value $M/yr  $183   $132   $12   $3   $329
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Case study: Ontario Greenbelt

Source: Wilson, 2008, Ontario’s wealth, Canada’s future. Report prepared for the David Suzuki Foundation.

42 E X E C U T I V E  S U M M A R Y

The total annual value of the Greenbelt’s non-market ecosystem services is 
an estimated $2.6 billion, or an average of $3,487 per hectare per year (see  
Appendix A for a detailed summary of ecosystem service values per hectare by 
land cover category).

The ecosystem services with the highest values are habitat, flood control, climate regula-
tion, pollination, waste treatment, and control of water runoff (Table 10).

Summary of the  
Greenbelt’s Ecosystem Services
Summary of the  
Greenbelt’s Ecosystem Services

 Table 10: Total Value of Greenbelt’s Ecosystem Services by Ecosystem Service

ECOSYSTEM SERVICE TOTAL VALUE

Air quality  $68,868,821 

Climate regulation (stored carbon)  $366,451,342 

Climate regulation (annual carbon uptake)  $10,982,151 

Flood control (wetlands)  $379,676,010 

Water regulation (control of runoff – forests)  $278,103,520 

Water filtration   $131,107,489 

Erosion control and sediment retention  $532,417 

Soil formation  $6,005,164 

Nutrient cycling  $2,141,547 

Waste treatment  $294,360,279 

Pollination (agriculture)  $298,235,257 

Natural regeneration  $98,001,705 

Biological control  $8,175,746 

Habitat/Refugia  $548,184,172 

Genetic resources  n/a 

Recreation and aesthetics  $95,207,535 

Cultural/Spiritual (agriculture)  $65,674,796 

Total value ($/year)  $2,651,707,951

The total annual value 
of the Greenbelt’s 
non-market 
ecosystem services  
is an estimated  
$2.6 billion.

42
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Case study: Ontario Greenbelt

• Current situation: Provincial Government Green Belt 
Plan, 2016 updates in consultation

• Includes language referring to the value of ecosystem 
services provided by the Green Belt esp. for human 
health & well-being and for climate change mitigation



PHOTO: IAN WALKER distribution, and summarized them geographically. For Maury
Island we also conducted scenario analyses. Considerable
flexibility was needed when applying the framework be-
cause of differences in data availability and management
objectives, as well as the different needs of the clients and
stakesholders.

Study area boundaries were determined in direct consul-
tation with the clients during the earliest phases of all three
projects presented here. On the one hand, in the case of Mas-
sachusetts a combination of manmade and natural bound-
aries was selected to define the study area so that it best
captured the impacts of urbanization and land use change in
the state. The inland study area border followed the official
state boundary, while seaward borders followed those
defined in Massachusetts' official hydrologic basins map. In
California, on the other hand, only the study area zip code
boundaries, nested within county boundaries, were used to
define the study area. This resulted in differing levels of in-
clusion of estuaries and coastal embayments-features that
could by definition fall either in or out of a land-based study
area. For example, both Napa and Humboldt counties have
embayments, seasonally flooded marshes, or estuaries at
their edges, but the official Napa County boundary contains a
higher proportion of those waters than Humboldt, likely be-

cause Napa fronts on an inland water body–San Pablo Bay–
while Humboldt County fronts on the Pacific Ocean.

Because of the finer spatial scale and increased importance
of nearshore resources in the case of Maury Island, a far more
precise study area boundary definitionwas needed. In this case,
the project team based the study extent on the edge of the
photic zone surrounding the island, defined as the bathymetric
limit at which the underwater floor receives light. After con-
sulting with biologists familiar with Puget Sound, this depth
was determined by the study team to be 15 m below the Mean
Lower Low Water (MLLW) mark for the area around Maury
Island (Fig. 1).4 The photic zone is significant because it re-
presents an area of high biological productivity, yielding plant
communities like eelgrass, which are in turn spawning habitat
for many economically valuable species.

The process of developing case-specific land cover typol-
ogies and maps differed based on site characteristics, data

Fig. 1 –Map of Maury Island study area.

4 A complication in the boundary definition existed, however, in
that the west side of Maury Island (Quartermaster Harbor) is a
shallow bay that is nowhere greater than 15 m in depth. Hence,
using high resolution bathymetric data, we defined the western
boundary as everything east of the deepest bathymetric contour
in Quartermaster Harbor.
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Additional results are discussed in greater detail in Wilson and
Troy (2003), Herrera Environmental Consultants et al. (2004) and
TSS Consultants and Spatial Informatics Group (2005).

Table 5 cross tabulates ESVs by land cover and service type
for Maury Island. The number of blank cells where positive
numberswouldbeexpected illustrates that significant gapsexist
in the valuation literature. That is, not all land cover types have
been valued for all possible associated ecosystem services. This
results from the limited availability of economic valuation data.

For each project, maps were created to illustrate the spatial
distributionof ecosystemservice flows. Examples ofwatershed-

level summary maps of ecosystem service values are given for
Humboldt County in Fig. 3 (using total ESV per watershed) and
for Massachusetts in Fig. 4 (using average ESV per hectare by
watershed).

Taken together, these maps show the heterogeneity in the
spatial distribution of resources providing ecosystem services.
In Massachusetts, for instance, by far the highest per hectare
ESVs occur along the coast, especially around important es-
tuaries and bays wherewetlands are prevalent. InMaury Island
(not shown here), the highest values are found in beachside
properties, which benefit from the extremely high amenity

Table 4 – Ecosystem service values by cover type and county for California

Description Ave. $/ha/yr Humboldt County Napa County San Bernardino County

Area (ha) Total ESV flow Area Total ESV flow Area Total ESV flow

Agriculture $ 2192 15,937 $ 34,932,508 11,210 $ 24,571,316 29,041 $ 3,657,272
Conifer forest $ 821 114,244 $ 93,823,306 7012 $ 5,758,593 135,033 $ 10,896,564
Desert shrub NA 0 0 0 0 4,123,497 NA
Desert woodland NA 0 0 0 0 245,288 NA
Estuary $ 5898 2 $ 10,085 451 $ 2,661,834 0 0
Fresh wetland $ 10,973 9593 $ 105,261,803 1785 $ 19,592,412 74,968 $822,650,494
Hardwood oak woodland $ 439 112,182 $ 49,293,301 59,030 $ 25,938,010 19,404 $ 8,526,125
Herbaceous NA 83,079 0 26,769 $ 0 22,595 NA
Mixed forest $ 826 261,920 $ 216,293,687 5511 $ 4,551,190 34,790 $ 28,729,641
Spotted owl habitat $ 998 89,670 $ 89,487,414 0 0 0 0
Riparian forest $ 8792 49,472 $ 434,960,966 7073 $ 62,189,858 37,854 $ 332,816,821
Redwood 2nd growth $ 815 99,632 $ 81,185,900 511 $ 416,315 0 0
Redwood old growth $ 950 39,661 $ 37,682,967 0 0 0 0
Shrubs NA 22,483 NA 48,549 NA 195,273 NA
Saltwater wetland $ 6044 549 $ 3,317,256 1396 $ 8,438,390 0 0
Disturbed and urban 0 17,379 0 7471 0 267,097 0
Urban green $ 5605 3255 $ 18,242,491 731 $ 4,099,948 62 $ 344,531
Vineyards $ 2192 0 0 14,178 $ 31,075,280 0 0
Open fresh water $ 7237 7145 $ 51,707,928 12,107 $ 87,621,444 17,044 $ 123,347,887
County totals 926,202 $1,216,199,612 203,786 $ 276,914,591 5,201,946 $1,490,969,335
Grand total for all counties $2,984,083,539

NA = value is expected to be greater than zero but is not known.

Table 5 – Ecosystem service values by land cover and service type for Maury Island

Land
cover

Aesthetic
and

amenity

Climate and
atmospheric
regulation

Disturbance
prevention

Food and
raw

materials

Habitat
refugium

Recreation Soil
retention

and
formation

Waste
assimilation

Water
regulation

and
supply

Beach $ – $ – $ – $ – $ – $2,371,006 $ – $ – $ –
Beach near
dwelling

$4,442,228 $ – $ – $ – $ – $ – $3,133,597 $ – $ –

Coastal
riparian

$ 224,009 $ – $ 48,622 $ – $ 509,067 $ 10,732 $ 107,842 $ 29,872 $314,520

Forest $ 7703 $1,391,576 $ – $ – $ 10,041 $ 483,395 $ – $ – $ 13,695
Freshwater
stream

$ 25 $ – $ – $ – $ 24,641 $ 17,585 $ – $ – $ 23,807

Freshwater
wetland

$ 17,866 $ – $ 56,893 $ – $ 85,466 $ 4203 $ – $104,642 $ 20

Grassland/
herbaceous

$ – $ 2649 $ – $ – $ – $ 755 $ 379 $ 32,915 $ 1135

Nearshore
habitat

$ – $ – $ – $2,080,557 $3,518,838 $3,605,238 $ – $ – $ –

Saltwater
wetland

$ – $ – $ 3770 $ – $ – $ 173 $ – $ 1,474 $ 4110

Column
total

$ 4,691,832 $1,394,224 $ 109,284 $2,080,557 $4,148,054 $6,493,088 $ 3,241,818 $168,903 $357,286
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Similarly, in the case of recreational and aesthetic ecosystem
service values, the marginal social cost of losing 1 ha of Central
Park inNewYork is likely tobe far greater than thatof losing1ha
of otherwise similar green space in a rural area of upstate New
York where green space is abundant (Fausold and Lilieholm,
1999).

A further factor complicating implementation of this frame-
work is the availability of spatial data. Even within the United
States, which has among the best publicly available spatial data
catalogues in the world, the availability and quality of this data
are highly variable by region, because of the role of state and
local governments in developing fine-scale land cover data.
While therearenationallyavailable landcoverdata sets, suchas
the USGS's National Land Cover Dataset, their low spatial reso-
lution, lack of categorical precision, and low classification accu-
racy for many cover classes limit usefulness for both local scale
applications and projects where poorly classified types (e.g. agri-
culture) are of importance.While some recently released higher-
resolution ancillary federal data sources, such as the National
Hydrography Dataset and the National Wetlands Inventory can
augment the NLCD and other national land cover products, in
general, one can only rely on sufficient resolution and quality to
conduct coarse scale applications requiring relatively low accu-
racy from nationwide land cover data.

The lack of spatial data availability is compounded by de-
finitional challenges associated with land cover categoriza-
tion. While some land cover categories like “wetlands” have a
statutory definition, others are often very broadly defined and
can include lands with highly diverse functional character-
istics. For instance, a unit of land defined as “grassland” can be
many things–pasture, hayfield, natural shortgrass or tallgrass
prairie, savannah or golf course–all of which have very diffe-
rent functional profiles for delivering ecosystem services.
Hence, when a valuation study is associated with a particular
land use or land cover type, it is crucial to define that asso-
ciation as precisely as possible. Often, however, the analyst is
facedwith the decision of combining different classes together
(e.g. applying a study of shortgrass prairie to a generic “grass-
lands” category) or of having no valuation estimates at all. In
this case it is up to the analyst to judge which is the lesser of
two evils within the context of the project and how this de-
cision must be reported. In some cases these functional diffe-
renceswill be due less to biophysical differences than to socio-
economic ones. For instance, if a study estimating the recrea-
tional value of conifer forests was done on public land, it may
be inapplicable for transfer to otherwise similar conifer forests
on private land, where access, expectations and long-term
management may be different.

Fig. 5 –Estimated percentage reduction in yearly ecosystem service value flows between current conditions and full zoning
buildout conditions by parcel for Maury Island in 2004 dollars.
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Outcome:

No build out

Creation of a Marine 
Park and aquatic 
reserve around the 
island

Google imagery 2017



Ecosystem Services Mapping for the Okanagan
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The value of natural capital in 
the Okanagan 

Based on global average values 
for different land cover types, 
ecosystem services provided by 
the Okanagan landscape are 
valued at a minimum of  
$6.7 billion/year 

(calculations by L. Parrott)
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Table$1:$Land$cover$areas$in$the$Okanagan$and$values$of$ecosystem$service$flows.$
!
Land%cover%% Area%(hectares)% Unit%values%($2007/ha/yr)*% Total%value%($2007/yr)%

Crops%% 7820% $5,567% $43,535,610%

Pasture% 15520% $4,166% $64,654,904%

Water% 64108% $12,512% $802,121,298%

Wetlands% 12219% $25,681% $313,792,030%

Forest% 1629744% $3,137% $5,112,507,587%

Grasslands%% 90626% $4,166% $377,549,249%

Total%
% %

$6,714,160,678%
!
*!Unit!values!are!taken!from!Constanza!et!al.!(2014)!for!each!of!the!land!cover!types.!!The!value!for!
forests! is!based!on!the!estimate!provided!by!Constanza!et!al.! for!temperature!forests!and!the!value!
for!wetlands!is!based!on!the!estimate!for!swamps/floodplains.!!Since!Constanza!et!al.!do!not!provide!
a!value!for!pasture,! the!grassland!value!is!attributed!to!this! land!cover!type.!See!below!for!detailed!
methods.!
!
Methods(
!
Estimating$ecosystem$service$flow$values$
We!used!the!unit!monetary!values!(2007$/ha/yr)!provided!by!Constanza!et!al.! (2014)! for!
flows! of! 22! ecosystem! services! from! 16! land! cover! categories.! ! The! values! provided! by!
Constanza! et! al.! (2014)! are! based! on! the! work! of! de! Groot! et! al.! (2012),! who! compiled!
aggregate! values! of! ecosystem! service! flows! for! the! 10! major! biomes! based! on! a! metaQ
analysis! of! over! 300! case! studies.! !We! have! used! the! values! reported! in! Constanza! et! al.!
(2014)! because! they! include! finer! land! cover! categories,! including! crops! and! rangelands.!!
Our!calculations!are!thus!based!on!the!mean!monetary!values!of!ecosystem!service!flows!for!
each!ecosystem!category,!as!computed! from!reported!case!studies! from!around!the!globe.!!
Both!Constanza!et!al.!(2014)!and!de!Groot!et!al.!(2012)!caution!that!these!values!are!most!
likely! underQestimates! of! the! true! economic! importance! of! ecosystem! services! flows!
provided! by! each! land! use! category! since! most! case! studies! did! not! compute! monetary!
values! for! the!whole!range!of!ecosystem!services!provided!by! the!particular!system!being!
analysed.!
!
Calculation$of$land$cover$
The! study! area! includes! all! of! the! land! that! falls! within! the! boundaries! of! the! Regional!
Districts!of!the!South,!Central!and!North!Okanagan!in!British!Columbia,!Canada.!!Land!cover!
in! the! study! area! was! grouped! into! 5! major! classes! corresponding! to! classes! used! in!
Constanza! et! al.! (2014):! forest,! grassland,! pasture,! crop,! water! (streams! and! lakes)! and!
wetlands!(Figure!1)!and! the! total!area! in!hectares!of!each!of! these! land!cover!classes!was!
calculated!(Table!1).!!This!classification!was!done!based!on!provincial!and!regional!land!use!
and!land!cover!data!sets!as!described!below.!!!
!
Water(This! land!cover! type!represents! the! total! surface!area!of!all! lakes!and!rivers! in! the!
study!region.!!Water!bodies!that!extend!beyond!the!boundaries!of!the!Okanagan!have!been!

http://complexity.ok.ubc.ca/2014/10/30/the-value-of-natural-capital-in-the-okanagan/



• Mapping of present and historical (pre- and post-
European settlement) ecosystem service provisioning 
for the entire Okanagan landscape using indicators 
available from existing BC datasets (Environment Canada Ecosystem 
Partnerships program funding)

• Maps will be used to identify areas of ES hotspots, and 
to measure relative change in ES over time

Ongoing Work



Summary



• Human health and well-being, as well as our local 
economies, are intricately linked to the ecosystem 
services provided by the landscapes in which we 
live

• Ecosystem services continue to be eroded due to 
short term planning and economic incentives that 
fail to account for depreciation of natural capital

Summary



• Accounting for the value (monetary or non-monetary) 
of ecosystem services can lead to more sustainable 
regional development and better quality human lives

Summary
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