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Acronym Definition 

NGO Non-Governmental Organization 
NEA National Ecosystem Assessment 
NEAFO National Ecosystem Assessment Follow-On 
PCAP Prairie Conservation Action Plan 
PCF Prairie Conservation Forum 
PIE Probability of Interspecific Encounter 
PAGE Pilot Analysis of Global Ecosystems 
SL/SS Single Large / Several Small 
SLOSS Single Large or Several Small 
SROI Social Return on Investment 
SVI Social Value International 
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3- Introduction 
The Alberta Grassland and Parkland Natural Regions (hereafter, the Prairie Region) cover 
23.6% of Alberta land area and supports a rich diversity of species (Alberta Parks 2015). 
However, the Prairie Region is the region of the province most impacted by human 
development, including agriculture (most important), transportation, and energy, urban, 
rural, and industrial development. Collectively these anthropogenic drivers have 
contributed to the loss, fragmentation and degradation of native prairies. Today, about 37% 
of the Prairie Region remains as natural cover and supports over three quarters of Alberta’s 
species at risk (ABMI 2016, Raven et al. 2022). With conversion to other land uses, what 
remains occurs as a few larger interconnected blocks of native vegetation and a patchwork 
of smaller isolated patches of various configurations in a largely agricultural matrix (ABMI 
2016, O2 2017).  

The Prairie Conservation Action Plan’s (PCAP) vision is to ensure that “The biological 
diversity of native prairie and parkland ecosystems is secure under the mindful and 
committed stewardship of all Albertans” (PCF 2021). To achieve this vision, the 2021-2025 
iteration of the PCAP proposes three long-term environmental outcomes: 1) maintain 
large native prairie and parkland landscapes; 2) conserve connecting corridors for 
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biodiversity; and 3) protect isolated native habitats. Approaches and actions are suggested 
to achieve each of these outcomes. Outcome #3 comprises three different approaches: a) 
define ‘isolated’ habitats/ fragments; b) Identify locations of isolated native prairie habitats; 
and c) identify the value or values of these isolated parcels. The following review is 
designed to address approach #3. 

The PCF was interested in knowing the value or values of isolated parcels of natural habitat 
and as such, was interested in finding out what methods existed to value nature, and which 
ones would be appropriate to assess the value of isolated habitats. This scan and literature 
review is intended to unravel valuation systems that look at, but are not limited to, 
ecological goods and services, economic drivers, inherent value of native habitats and the 
biodiversity they support, cultural and social values, etc. Identifying these different values 
and valuation systems for different uses of native prairie land can expose areas where 
conflicts might arise if land management changes were to happen and where the greatest 
needs are for protection and stewardship of isolated native prairie habitats. While each 
person holds their own set of values and personal interpretation of nature and their 
relationship with nature, this review looks at valuation of nature, including biodiversity and 
ecosystems, from a collective or societal perspective. 

4- Definitions 
Some background and definitions are important to convey prior to addressing the various 
approaches and methods used to value natural habitats:  

An ecosystem can be defined as a “dynamic complex of plant, animal, and microorganism 
communities and the non-living environment interacting as a functional unit” (MA 2005a). 
Ecosystem functions represent the habitat, biological or system properties or processes 
of ecosystems (Costanza 1997). In his book Small is Beautiful, economist E.F. Schumacher 
(1973) argued that modern economics treats natural resources, such as fossil fuels, 
minerals, and the environment's capacity to absorb pollution, as a renewable income 
source (i.e., expendable), a view he saw as unsustainable and economically illogical, 
because its depletion is treated as profit rather than a loss of a permanent asset. He 
introduced the concept of Natural Capital, which he described as the stock of renewable 
and non-renewable natural resources that forms the basis of our economy and 
society. According to the System of Environmental-Economic Accounting (SEEA nd), the 
underlying premise of that concept is that “since the environment is important to society 
and the economy, it should be recognised as an asset that must be maintained and 
managed, and its contributions (services) be better integrated into commonly used 
economic frameworks”.  
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The 2005 Millennium Ecosystem Assessment (MA 2005a) integrated the concept of Natural 
capital and developed a typology for flow of environmental assets to humans. They, and 
subsequent scholars, defined Natural capital as the biotic (living things and non-living 
organic matter) and abiotic (air, water, minerals, land, oceans) components of nature and 
ecosystems (referred to as “assets” in environmental accounting) that interact through 
processes to provide a flow of goods and services, which make life possible (Mace et al. 
2015, Smith et al. 2017, Leach et al. 2019, SEEA nd). It is the planet’s stock of natural 
assets and the ecosystem services that are derived from them (UNEP FI nd). These 
ecosystem services (ES)1 have been categorized by the Millennium Ecosystem 
Assessment (MA) (MA 2005a) as: 

o provisioning services, including but not limited to food, water, timber, and fiber,  
o regulating services that impact water quality, climate, floods, wastes, diseases,  
o supporting services such as nutrient cycling, carbon capture, soil formation and 

photosynthesis and, 
o cultural services that offer recreational, spiritual and aesthetic benefits. 

While in some cases, the flow of ecosystem services may be seen as constant, the stock of 
natural capital may be depleted beyond an ecological threshold or tipping point, whereas 
further pressure can cause significant, lasting and often irreversible shifts in the structure 
and function of ecological systems leading to direct and indirect negative impacts on 
biodiversity and human well-being (Mace et al. 2015, TEEB 2010a). Without a clear 
knowledge of the values (monetary and non-monetary) of nature and the goods and 
services that it provides, we cannot understand what we have, what we are gaining or 
losing, and the full short and long-term implications of the policy and management choices 
and decisions we make on nature itself, our economy, our society, and on us as social 
human beings.  

The term value can be used to express two different meanings. On one hand, it is a 
judgement that refers to importance, worth or usefulness, a preference or a measure (e.g., 
species richness) or indicator (e.g., price). On the other hand, it addresses “held values, 
principles or beliefs and moral duties” (such as the values instilled by one’s parents or 
community of people) (Díaz et al. 2015, Pascual et al. 2017, IPBES 2022a, Gould et al. 
2023). The two notions are interconnected, as the held values of individuals or groups 
contribute to the cultural makeup of a society, which in turn, determines what is perceived 
as important, beneficial or useful for a good quality of life (Díaz et al. 2015).  

 
1 The term “ecosystem services” (ES) is used throughout this document instead of “ecosystem goods and 
services”, in accordance with the Convention on Biological Diversity and other important international 
initiatives. The “goods” aspect is recognized as being part of the “provisioning services” category of ES. 
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Broadly speaking, valuation of nature can be used to improve human welfare, ecological 
sustainability and eco-social justice. More specifically, it can “support decisions about 
alternative projects or policies; inform the course of (collective) action; aid in the design of 
policy tools and instruments; assess and even strengthen human-human and human-
nature relations” (Termansen et al. 2022). Characterising the values of nature and their 
importance to people increases the attention they receive and the probability of having 
them integrated in the decision-making process at all levels (Termansen et al. 2023).  

Valuation of nature is the “intentional process in which agreed upon methods and 
approaches are applied to reveal the values individuals or communities (including 
indigenous people) hold about nature, nature’s contributions to people, and human-nature 
relationships” (IPBES 2022b). The values of nature are elicited and articulated through 
Valuation methods. They involve an array of data collection techniques, data analysis and 
result interpretation within a decision-making context to gather information about value.  
Valuation approaches are the guiding principles and beliefs that form the basis for 
specific methods. They determine how a method is applied and how its results should be 
interpreted (Termansen et al. 2023).  

5- How Nature is Valued 
Throughout human history, different cultures around the world have established multiple 
ways of understanding and relating to nature, leading to a large array of values of nature 
(IPBES 2022b). Specific values are “opinions or judgements of the importance of specific 
things in particular situations and contexts” (Anderson et al. 2022). They can be grouped 
into instrumental, intrinsic and relational values. 

1. Instrumental values: Natural entities and processes that are important to achieve 
some human end or to satisfy human preferences (Pascual et al. 2017). The 
importance of nature is assessed through its provision of benefits to humans and 
support of human economic well-being and subsistence (Anderson et al. 2022). 
Examples include provision of raw materials, food, pollination services, water 
filtration, etc. Instrumental values are particularly well-suited for economic 
assessment as they are more easily quantifiable, both conceptually and technically. 
(Anderson et al. 2022). Instrumental values of nature to human well-being was the 
focus of nearly three quarters (74%) of valuation studies in a literature review 
(Termansen et al. 2022). 

2. Intrinsic values: These are values inherent to nature expressed independent of 
people’s judgments. They represent “other-than-human” entities (e.g., an organism) 
that are worth protecting as “ends in-and-of themselves” (Anderson et al. 2022, 
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Pascual et al. 2017). These values embody moral obligations towards other living 
things, are foundational to conservation efforts and can strengthens environmental 
protection and policy outcome. Biophysical indicators are often used to express 
intrinsic values, but their social evaluation requires qualitative and participatory 
methods (Anderson et al. 2022). Intrinsic values of nature to human well-being was 
the focus of 20% of valuation studies in the literature (Termansen et al. 2022). 

3. Relational values: Emphasize the non-instrumental, meaningful and desirable, 
often reciprocal, human relationships - with nature and among people via nature 
(e.g., a specific landscape, species, or forest). Relational values also recognize 
human-nature interactions that are components of a grounded, fulfilling and 
dignifying existence (eudaimonia), including mental and emotional health, virtues 
and attitudes of care and responsibility towards other people and other-than-
human beings (Anderson et al. 2022, Chan et al. 2016). They reflect some aspects of 
cultural identity, social cohesion, social responsibility towards others and moral 
responsibility toward nature (Pascual et al. 2017). By acknowledging these values, 
we can ensure a meaningful inclusion of diverse groups in environmental 
stewardship and decision-making, leading to social-ecological relationships that 
provide fulfilling lives for present and future generations (Chan et al. 2016). 
Relational values of nature to human well-being was the focus of only 6% of 
valuation studies in the literature (Termansen et al. 2022). 

6- Nature Valuation: Programs, Assessments and Tools 

6.1- International: 

Several national and international programs and assessments have been undertaken over 
the years, and various tools have been developed to value nature and ecosystems services. 
In the western scientific world, the ecosystem services concept has been the dominant 
framework to explain the relationship between humans and nature. It began to appear in 
the 1980’s ecological literature as an economic-based language for describing to decision-
makers how ecosystems and processes underpin human existence and well-being 
(Anderson et al. 2025). In 2005, the Millenium Ecosystem Assessment (MA) drew on this 
concept of capital essential to human well-being to create a new conceptual framework to 
assess the condition of the world’s ecosystems, the drivers and the consequences of 
ecosystem changes for human well-being (MA 2005a). It identified ES and classified them 
into four major types (provisioning, regulating, cultural, and supporting; see “definitions” 
above), and stressed the importance of demonstrating the economic value of ecosystems 
services and developing techniques for representing stocks of ecosystem services in 
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national accounts (Maechler and Boisvert 2024).  While it integrated different types of 
values and valuation methods (mainly economic), the values expressed in the assessment 
were largely biophysical (MA 2005a, MA 2005b, Termansen et al. 2022, Maechler and 
Boisvert 2024).  

The Economics of Ecosystems and Biodiversity (TEEB) is a global initiative that aims to 
make the economic value of nature and its services visible to decision-makers, to 
demonstrate the increasing cost of ecosystem degradation and loss of biodiversity and to 
bring together experts from the fields of ecosystem science, economics and development 
policy to capture those values in decision-making and find solutions for a sustainable 
future (TEEB 2010a). They identified “direct use” values, those associated with provisioning 
services (e.g., crops, livestock, fish, wood), and “non-use” values, or the non-consumptive 
values of nature such as recreation, spiritual or cultural importance of a place, a 
landscape, or a species). They emphasized that there is no single valuation process that 
can be applied to every situation, but they offered a three-step framework to guide 
individual needs and circumstances. They provided practical guidance on how to apply the 
framework, along with illustrations and examples using a series of case studies from local 
and regional levels. They indicated that valuation is best applied to assess a subset of ES 
which are affected by alternative management options, rather than by attempting to assess 
the full range of ES.  As part of this initiative, TEEB did a review of the main economic 
methods for valuing ES, which they described along with their advantages and limitations 
in TEEB (2012). In another assignment under the same initiative, de Groot et al. (2012) 
extracted 1350 value (of ES) estimates from 300 case study locations and analysed the 
mean economic value of 22 ES for 11 biomes, including the grasslands (comprising the 
North American prairie), which they calculated to be 2,871 Int. $/ha/year (2007-year)2. 

From the TEEB initiative, a business component evolved and led to the TEEB in Business 
and Enterprise report. The report urged corporations to integrate natural capital into their 
“corporate planning, accounting and reporting” (TEEB 2010b as cited in Maechler and 
Boisvert 2024), requiring its prior valuation. This TEEB business component morphed into 
an independent network, the (Maechler and Boisvert 2024). The Natural Capital Coalition 
vision is “a world where business conserves and enhances natural capital that safeguards 
thriving societies and prosperous economies”. To achieve this vision, the Natural Capital 
Coalition developed a Natural Capital Protocol, which is “a standardized framework to 

 
2 The international dollar, or the Geary–Khamis dollar, is a hypothetical unit of currency that is used to 
standardize monetary values across countries by correcting to the same purchasing power that the U.S. 
dollar had in the United States at a given point in time. Figures expressed in international dollars cannot be 
converted to another country's currency using current market exchange rates; instead, they must be 
converted using the country's PPP (purchasing power parity) exchange rate. 1 Int.$=1 USD (de Groot et al. 
2012) 
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identify, measure, and value direct and indirect impacts (positive and negative) and/or 
dependencies (of business) on natural capital” (Natural Capital Coalition. 2016). In the 
protocol, valuation is defined as including qualitative, quantitative, and monetary 
approaches, or a combination of these. The protocol does not explicitly list or recommend 
specific valuation tools or methods. However, it describes the main valuation techniques 
(15) and helps the user select what is most appropriate for their assessment. These 
techniques include qualitative, quantitative, monetary and value transfer methods. 

In 2011 & 2014, the United Kingdom produced an independent and peer-reviewed National 
Ecosystem Assessment (UK NEA) and the following UK NEA Follow-on (UK NEAFO) for 
the entire UK. Its goal was to raise awareness of the importance of the natural environment 
to human well-being and economic prosperity with a mandate to enable the identification 
and development of effective policy responses to ecosystem service degradation (UK 
National Ecosystem Assessment 2011, 2014). They introduced a framework that builds on 
the findings of the MA (MA 2005), the TEEB (TEEB 2010a) and more recent conceptual 
advances to incorporate measures of human well-being, including economic (monetary), 
health and shared (social) values (UK National Ecosystem Assessment 2014). They 
identified two broad approaches to valuation of ecosystems and biodiversity: 1) 
intrinsic/inherent values and 2) instrumental/extrinsic values (including use and non-use 
values), to which they took an anthropocentric perspective. They took on a broad-ranging 
review of ES from all of UK’s natural habitats, considering the goods and services they 
generate and their resultant values where possible, using methods described in Bateman 
et al. (2011a) (Bateman et al. 2011b). This review also included an assessment of the UK’s 
semi-natural grasslands (Bullock et al. 2011). 

Since 2008, the German government has been promoting climate action and biodiversity 
conservation in the “Global South” through the International Climate Initiative. As part of 
this initiative, the ValuES project was created in 2014 to support practitioners, advisors and 
decision makers in government and non-government organizations in the integration of 
ecosystem services into decision-making and planning processes. This is achieved by 
developing instruments and training courses, providing technical advice and facilitating 
planning and decision-making processes. Knowledge-sharing is also promoted via regional 
workshops and participation in global discussion forums. ValuES offers a six-step 
approach on how to recognize, demonstrate and capture the value of ecosystem services 
in order to integrate it into development planning. It also integrates a “Methods Navigator” 
to determine the broad theme (policy area) being addressed and the purposes of the 
assessment, which helps choose suitable methods and tools for assessing ecosystem 
services from the “Methods Database”. Case studies show experiences from different 
applications and study processes (BMU nd). 
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Between 2012 and 2017, the EU-funded OpenNESS (Operationalisation of Ecosystem 
Services and Natural Capital) translated the concepts of Ecosystem Services (ES) and 
Natural Capital (NC) into operational frameworks that provide practical and tailored 
solutions for informing sustainable land, water, and urban management in different 
locations and scales. Working closely with decision makers and stakeholders, the project 
developed and tested operational frameworks and tools through 27 real-world case studies 
across Europe (most) Argentina, Brazil, India and Kenya (Harrison et al. 2018, Oppla 2025). 
The case studies applied different biophysical, socio-cultural and monetary valuation 
methods to operationalise the ecosystem service concept towards sustainable land, water 
and urban management. The project compiled 43 specific ES assessment methods, 
categorised into 26 broad method groups, which were proposed as possible options for 
application in the case studies. A survey of the reasons why the case study teams selected 
particular methods was conducted and a set of linked decision trees was developed to 
provide guidance to researchers and practitioners in choosing ecosystem service 
assessment methods that are suitable for their context (Harrison et al. 2018). 

The United Nation’s System of Environmental-Economic Accounting – Ecosystem 
Accounting (SEEA EA), is a “spatially based, integrated statistical framework for organizing 
biophysical information on ecosystems, measuring ecosystem services, tracking changes 
in ecosystem extent and condition, valuing ecosystem services and assets and linking this 
information to measures of economic and human activity” (United Nations 2024). The 
framework aims at making visible the contributions of nature to the economy and people 
and at providing a better accounting of the impacts of economic and other human activity 
on the environment than otherwise captured in standard economic accounts. It offers a 
structured approach to assessing how human activity and the economy depend on and 
impact ecosystems across the world (United Nations 2024). The framework is built on five 
core ecosystem accounts that use spatial data and information about the functions of 
ecosystem assets and the ES they produce. They are 1) ecosystem extent and 2) ecosystem 
condition accounts, which are compiled in physical terms (e.g. hectares, tons), ecosystem 
services accounts, which can be compiled in 3) physical and 4) monetary terms, and 5) the 
monetary ecosystem asset accounts, which records in monetary terms the opening and 
closing “stocks” of all ecosystem assets within an areas, along with the reductions and 
additions to those stocks from ecosystem degradation and enhancement, respectively (UN 
SEEA nd(a)). In using monetary terms, SEEA argues that the contribution of ecosystems to 
the well-being of society can more easily be understood by decision-makers and integrated 
with other existing national accounts for policy planning (UN SEEA nd(a)). 

The SEEA EA uses a typology that includes five categories of monetary valuation methods 
for ES, which are consistent with the exchange value concept of the System of National 
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Account3. They describe ten valuation methods based on market price, revealed 
preference (direct/indirect) and modelling (NCAVES and MAIA 2022). 

The SEEA EA can be compiled at the national, subnational (e.g., state/province, river basin, 
protected area, city, etc.) and across terrestrial, freshwater and marine areas. It can also 
engage in “thematic accounting” where data are organized into specific policy-relevant 
themes such as biodiversity, climate change, protected areas, forests and oceans that are 
central to the global sustainability agenda (UN SEEA nd(a)).  

ARIES (or ARtificial Intelligence for Environment & Sustainability) started in April 2007 at 
the Gund Institute for Ecological Economics of the University of Vermont, United States as 
an ecosystem services assessment platform. Now based out of the Basque Centre for 
Climate Change (BC3) in Bilbao, Spain, ARIES has broadened its focus to become an AI-
powered integrated, open-source modelling platform for environmental sustainability. It 
provides open, safe, and accurate methods for sharing and linking scientific models, 
empowering stakeholders to make better-informed decisions regarding the most complex 
sustainability issues of our time and drive positive change (BC3 2025, UN SEEA nd(b)). 
Shortly following the adoption of the SEEA standard by the United Nations in March 2021, 
the ARIES for SEEA Explorer was made available in order to accelerate SEEA’s 
implementation worldwide on the UN Global Platform. The ARIES for SEEA Explorer 
application can generate ecosystem accounts for any user-specified terrestrial area in the 
world (such as a country, administrative region, watershed, etc.), by using freely available 
global remote-sensing derived data and models, and rapidly computes these accounts 
online, using a web browser. The current Explorer functionalities are restricted to assessing 
ecosystem extent (based on the IUCN Global Ecosystem Typology), condition (for forest 
ecosystem types), and selected ecosystem services in physical and monetary units using 
basic models as a starting point (UN SEEA nd(b)).  

The International Union for the Conservation of Nature (IUCN) is the world’s largest and 
most diverse environmental network of government and non-government organisations, 
with the mission to “influence, encourage and assist societies to conserve the integrity and 
diversity of nature and ensure that any use of natural resources is equitable and 
ecologically sustainable” (IUCN nd). In addition to being a trusted repository of best 
practices, tools and international standards, IUCN implements a large and diverse 
portfolio of conservation projects worldwide. IUCN developed a guide to make accessible 
the main concepts and methods of economic valuation of the monetary value of goods and 

 
3 The application of exchange value concept of the System of National Account allows comparisons of 
ecosystem services and assets with the values of products and assets recorded in the national accounts 
(NCAVES and MAIA 2022). 
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services rendered by natural ecosystems in West Africa: “Economic valuation of 
ecological functions and services of natural ecosystems: guide on the use of simple 
methods” (Somda and Awaïss 2013). Designed for all actors involved in the economic 
valuation of ES, the guide allows quick understanding of the most commonly used 
economic valuation concepts and methods applied by natural ecosystem evaluators. 
Albeit not comprehensive, it enables non specialists of environmental economics to 
understand the basic principles and to further engage in the application of economic 
valuation of ecosystems. 

Since it was introduced in the 1980’s, the ES concept has grown extensively to relate 
different facets of nature to people’s good quality of life (IPBES 2022b). However, Muradian 
and Gómez-Baggethun (2021) argue that the ES framework has evolved to reflect a western 
culture “stock-and-flow” system in which ecosystems are “stocks” of renewable and non-
renewable resources, that provide flows of services (benefits) to humans, described by 
Maechler and Boisvert (2024) as “commodification” of nature. As such, it separates 
humans from nature and puts humans above the natural environment. In this 
anthropocentric and utilitarian worldview, the valuation processes aim at estimating the 
economic and non-monetary contributions of nature specific to human well-being 
(Muradian and Gómez-Baggethun 2021).  

Other worldviews and knowledge systems have also been recognized by the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES). The IPBES is an independent intergovernmental body established in 2012 to 
provide policymakers with objective scientific assessments on the state of the planet's 
biodiversity, its ecosystems, and the contribution they make to people in order to inform 
policy development (Díaz et al. 2018). It advocates the need to pluralize values and 
valuation processes (Maechler and Boisvert 2024). This pluralization stems from the 
different cultures, languages, religions, knowledge systems and interpretations of human-
nature relationships. In its ambitious effort to be more inclusive and representative in its 
assessment of biodiversity and ecosystems, the IPBES introduced the concept of “nature’s 
contributions to people” (NCP; Díaz et al. 2018).  It builds and expands on the concept of 
ES to recognize the cultural and spiritual impacts of biodiversity, in ways that are not 
restricted to a discrete cultural ecosystem services category as in the Millennium 
Assessment (MA 2005) but instead incorporates diverse world views of human-nature 
relations that may overlap several of the original four MA categories (see above).  

The IPBES identified 18 nature’s contributions to people. They were classified under three 
broad categories: material NCPs, non-material NCPs and regulating NCPs (Table 1; IPBES 
2018). These, along with other biodiversity indicators were assessed for their state of 
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knowledge, importance values and trends in 2018 in “The regional assessment report on 
Biodiversity and Ecosystem Services for the Americas” (IPBES 2018). The assessment 
comprised South America, Mesoamerica, North America and the Caribbean and 
addressed terrestrial, freshwater, and coastal biodiversity and covers current status and 
trends, going back in time several decades, and future projections, with a focus on the 
2020-2050 period. The assessment also analysed the direct and underlying causes for the 
observed changes in biodiversity and in nature’s contributions to people, and the impact 
that these changes have on the quality of life of people. Different governance options and 
policies to reduce biodiversity loss and support sustainability were provided (IPBES 2018). 

 

Table 1. Nature’s contribution to people (NCP). Adapted from Figure SPM 5 in IPBES (2018). 

 

In its 2022 “Methodological Assessment Report on the Diverse Values and Valuation of 
Nature” the IPBES distinguishes three main types of world views: anthropocentric (human-
centered), bio/ecocentric (nature-centered) and pluricentric, recognizing that there is a 
large amount of variation and overlap within and among them (Anderson et al. 2022).  
Anthropocentrism in its core is largely based on instrumental values, but a “weak” 
anthropocentrism further acknowledges our essential relationships with nature and other-

Material NCP Non-Material NCP Regulating NCP 

Food and Feed Learning and inspiration Maintenance of options 
Materials and assistance Supporting identities Climate regulation 

Energy Physical and psychological 
experiences 

Regulation of freshwater 
quantity, flow and timing 

Medicinal, biochemical and 
genetic resources 

 Regulation of freshwater 
and coastal water quality 

  Regulation of hazards and 
extreme events 

  Habitat creation and 
maintenance 

  Regulation of air quality 
  Regulation of organisms 

detrimental to humans 
  Pollination and dispersal of 

seeds and other propagules 
  Regulation of ocean 

acidification 
  Formation, protection and 

decontamination of soils 
and sediments 
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than-human life (relational values). This latter type of anthropocentrism integrates both 
instrumental and relational values. The bio/ecocentric worldviews recognize the inherent 
or intrinsic value of living things, ecosystems and ecosystem processes as respectable and 
worthy of consideration in decision-making. The emerging pluricentric worldviews align 
with relational values, emphasizing the reciprocal, interdependent, intertwined, and 
embedded relationships between humans, other-than-human beings, and nature's 
elements and processes (Anderson et al. 2022). 

IPBES conceived a typology to define nature’s values in a universally intelligible and 
accepted way across cultures and academic traditions. This core set of concepts 
integrates four overlapping layers metaphorically depicted as the layers of an onion: 1) 
worldviews, 2) broad values; 3) specific values, and 4) value indicators (Pascual et al. 
2023). People’s worldviews correspond to the different ways people conceive and interact 
with the world expressed through knowledge systems (bodies of knowledge, practices and 
beliefs associated with culture and language) (Pascual et al. 2023). They shape broad 
values (also known as “human values” or “held values” or “principles”), which represent 
the life goals, general guiding principles and orientations towards the world. They include 
freedom, prosperity, health, justice, security, belonging, etc. Broad values provide meaning 
and context to specific values and practices about human-nature relationships (Anderson 
et al. 2022). The fourth layer, the value indicators are the quantitative measures and 
qualitative descriptors of nature values, as revealed by the various nature valuation 
methods. Value indicators are typically biophysical, monetary or socio-cultural (Pascual et 
al. 2023). 

Each of these layers takes on a specific meaning and reveal a particular set of values 
depending on how people perceive their relationship with nature. When people see 
themselves as living from nature, they consider nature as provider of resources to sustain 
their livelihoods, their needs and their wants; revealing instrumental values. People who 
see themselves as living with nature also recognize its life-supporting processes in 
connection with other living things, which have the right to thrive independently of people’s 
needs, thus emphasising both intrinsic and relational values. When living in nature, people 
value nature as settings for their lives, practices and cultures, underscoring relational 
values. When living as nature, people embody and perceive nature as a physical, mental 
and spiritual part of oneself, emphasizing broad values of oneness, kindship and 
interdependence (IPBES 2022, Pascual et al. 2023) 

The Economics of Biodiversity: The Dasgupta Review is an initiative commissioned by 
the UK's HM Treasury in 2021 to produce an independent, global review on the Economics 
of Biodiversity. Led by economist Professor Sir Partha Dasgupta of Cambridge University 



14 
 

assisted by a multi-disciplinary Advisory Panel, the review finds that the current global 
economic model that leaves nature as an externality has been steadily eroding the 
regenerative natural capital and biodiversity, and this must be addressed to avoid a 
collapse of the ecosystem services that supports it. It reframes economic thinking to 
include biodiversity as a natural asset. It urges countries to de-emphasize GDP as an index 
of progress, which excludes depreciation of assets and instead to focus on a National 
Wealth measure that includes an accounting for Natural Capital (Dasgupta 2021). This 
concept of National/Comprehensive Wealth is therefore intrinsically related to sustainable 
economic development (Hamilton & Hepburn 2017 cited in Termansen et al. 2022). This 
implies that natural capital should be valued and monitored over time so as to be 
integrated into this measure of comprehensive wealth (Dasgupta 2021, Termansen et al. 
2022). 

In 2009, the US Environmental Protection Agency – Science Advisory Board (USEPA-SAB 
2009) created a Committee on Valuing the Protection of Ecological Systems and Services 
to “offer advice to the Agency on how EPA might better assess the value of protecting 
ecological systems and services”. Their “expanded and integrated approach” to 
ecological valuation considered measures of value of ecosystems and their services 
based on preferences (for alternative goods and services) and on biophysical elements of 
potential public importance. Preference-based values included: 1) attitudes or judgments, 
2) economic values, 3) community-based values, and 4) constructed preferences. 
Biophysical values included: 1) bio-ecological values and 2) energy-based values. They 
identified 17 different methods in the various categories such as economic methods, but 
also measures of attitudes, preferences, and intentions; civic valuation; decision science 
approaches; ecosystem benefit indicators; biophysical ranking methods; and cost as a 
proxy for value (USEPA-SAB 2009). 

In 2006, the US Department of Agriculture, Forest Service along with numerous 
cooperators developed i-Tree. I-Tree is an open-access suite of freely available software 
and web-based tools designed to assess the benefits and values derived from individual 
trees or entire forests in both urban and rural areas. i-Tree encourages users to create 
healthy, sustainable, and resilient forest landscapes across the urban to rural continuum. 
Originally designed to work in the United States, the tools have expanded to have a global 
reach with professional and non-professional users. i-Tree developers continue to develop 
tools with the ultimate goals of assessing: 

• Local forest conditions; 
• Ecosystem services and values derived from forests; 
• Local risks to forest and human health; 
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• How changes in forest structure will lead to changes and trade-offs among; 
ecosystem services and values’ 

• Best locations, tree species and planting rates to optimize ecosystem services and 
values through time and across space to enhance human health and well-being. 

One of the tools, “i-Tree Eco”, also provides an avian habitat suitability (currently limited to 
9 bird species), which has been adapted for Canada (Nowak et al. 2018). 

Based out of Stanford University, California, the Natural Capital Project (NatCap) is a 
collaboration with the Royal Swedish Academy of Sciences, the Stockholm Resilience 
Centre, the Chinese Academy of Sciences, the University of Minnesota, Natural Capital 
Insights, The Nature Conservancy, and World Wildlife Fund. NatCap aims to improve the 
well-being of all by helping people, governments, and corporations incorporate the value of 
nature into decision-making (NatCap nd). Scientists and software engineers at NatCap 
designed InVEST® (Integrated Valuation of Ecosystem Services and Tradeoffs), a suite of 
free, open-source software models used to map and value the goods and services from 
nature (Anonymous 2023). InVEST combines land use and land cover (LULC) data with 
information on the supply (biophysical processes) and demand of ecosystem services to 
provide a service output value in biophysical or economic terms (Sharps et al. 2017). 
Models are grouped into two primary categories: 1) supporting and final ecosystem service 
models and 2) additional tools to support service analysis. Supporting ESs include crop 
pollination, habitat quality, habitat risk assessment. Analyses can be conducted to address 
questions at the local, regional or global scale. InVEST often employs a production function 
approach to quantifying and valuing ecosystem services (Natural Capital Project 2025). 
InVEST has recently been repackaged into InVEST Workbench with an updated user 
interface.   

There are hundreds of projects and groups involved in improving our understanding, 
modeling, valuation and management of ES and natural capital. Launched in 2008, the 
Ecosystem Services Partnership (ESP) brings together and coordinates the work of over 
3000 ecosystem services scientists, policy makers and practitioners who work together 
in over 40 Working Groups and a large number of national networks from more than 90 
countries (ESP 2025). The network provides a platform to facilitate communication, 
coordination and cooperation, and to build capacity with the goal of enhancing the 
science, policy and practice of ecosystem services for conservation and sustainable 
development. The ESP is supporting the development of comprehensive and practical 
guidelines (ESP Guidelines) for integrated ecosystem services assessment. They aim 
to analyse and capture the benefits of landscape restoration, nature conservation and 
sustainable ecosystem and land management from an ecological, social and economic 
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point of view (De Groot et al. 2018). The draft guidelines consist of a 9 steps conceptual 
framework that connects the so called “4 Returns” of investing in nature conservation, 
ecosystem restoration and sustainable landscape management: return of natural capital, 
social capital, financial capital and inspiration. The document presents and describes 80 
assessment methods, tools and models relevant to ES assessment that can be used at 
different steps of the guidelines (De Groot et al. 2018).  

The Nature Braid (NB; formerly LUCI/Polyscape) toolset provides a suite of high-resolution 
GIS-based ecosystem services models relevant for a range of users at multiple scales and 
levels of decision-making. It can be used by local councils, community and stakeholder 
groups, farmers and land managers and policy makers for applications around sustainable 
development, conservation, sustainable tourism, restoration, and policy-making. NB 
allows the user to determine the spatial distribution, supply, and opportunities of the 
individual ecosystem services. Different scenarios of land use or land management can be 
explored to determine the impact on ecosystem services. A trade-offs tool allows to 
identify areas already providing services and areas with opportunities to improve services.  
Among the nine models described, NB includes agricultural production, habitat provision 
and land use/land cover accounting. The web site mentions that datasets from the United 
Kingdom, Europe, and New Zealand are currently supported by NB out-of-the-box, with 
support for a broader range of datasets to be added in the future (Nature Braid nd). 

 

 6.2- National: 

The Canadian System of Environmental-Economic Accounts - Ecosystem Accounts. 
Ecosystem accounts are based on the System of Environmental-Economic Accounting - 
Ecosystem Accounting (SEEA-EA; see above) framework, which was adopted as an 
international statistical standard by the United Nations Statistical Commission in March 
2021. This framework complements, and builds on, the accounting for environmental 
assets described in the United Nations System of Environmental-Economic Accounting 
Central Framework (SEEA-CF), which was adopted as an international standard in 2012.   

Ecosystem accounts are a structured compilation of information on ecosystem assets that 
include, for example, forests, agricultural areas, wetlands and other ecosystem types. 
Ecosystem accounts present information about both the extent and condition of 
ecosystem assets, as well as on the flows of ecosystem goods and services from which 
society benefits. These assets and their flows can be measured in both physical and 
monetary terms, but monetary ecosystem asset accounts are not a focus of the work 
currently being undertaken at Statistics Canada. Ecosystem accounts can also include 
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thematic accounts on several topics, such as urban and ocean areas, biodiversity, carbon 
and protected areas. Selected statistics on these themes are available. Work to date in this 
area is summarized in recent editions of the report Human Activity and the Environment 
(Statistics Canada 2022) and is the focus of new efforts as part of the development of the 
Census of the Environment (Statistics Canada 2023).  

Building and expanding on the work of the report on Human Activity and the Environment: 
Accounting for ecosystem change in Canada (Statistics Canada 2022), the Census of 
Environment (CoE) will be the first-ever national register of Canada's ecosystems. It is 
designed to help track the size and condition of ecosystems such as wetlands, coastal 
areas and urban forests over time. The CoE will also highlight the services these 
ecosystems provide (for example, clean air, food, recreation) and how they benefit human 
well-being and the economy. The goal of the CoE is to deliver a full picture of the complex 
relationship between ecosystems and the economy, society, and human well-being via the 
Census of Environment portal (Statistics Canada 2025). This portal is under development 
at the time of this report. It will provide the statistical and spatial framework necessary to 
help track Canada’s performance towards meeting international goals to protect the planet 
and achieve a more sustainable future. It will include collection and integration of data, 
access to regional data and will follow internationally-accepted ecosystem accounting 
standards and will maintain high standards of data governance and engagement (Statistics 
Canada 2024). The Census of Environment portal is available at 
https://www.statcan.gc.ca/en/census-environment where users can find the latest 
releases, data publications, reference material, mapping tools and can download relevant 
geospatial files (Statistics Canada 2025). 

In Canada, a study about the Value of Nature to Canadians was initiated in 2009 with the 
objective of identifying the social, economic, and ecological significance of nature to 
Canadians in urban, rural, and wilderness environments in support of government policy 
and decision-making. It resulted in the development of a national approach to ecosystem 
services (ES) assessment and an interdisciplinary toolkit for completing and using ES 
assessment. The toolkit was developed with the intent to be a “step-by-step guide to 
complete a robust, comprehensive ES assessment” for all levels of governments, 
consultants, researchers and professionals in the areas of environment and natural 
resources management.  The toolkit addresses valuation in economic and socio-cultural 
terms as a component of an ES assessment. It identified 24 major valuation methods, 
grouped under six monetary techniques (specific to economic valuation) and three non-
monetary techniques (applying mainly to socio-cultural valuation). It also explained the 
considerations for either economic or socio-cultural valuation and provided links to 

https://www.statcan.gc.ca/en/census-environment
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factsheets about different kinds of methods or tools for ES valuation (Value of Nature to 
Canadians Study Taskforce 2017).  

The Canadian Environmental Sustainability Indicators (CESI) program was created in 
2004 to report on the state of the environment by providing information and data to track 
Canada's performance on key environmental issues on air, biodiversity, climate, water, and 
waste and contaminants. The indicators allow decision-makers to track progress towards 
policy objectives and make informed decisions that support environmental sustainability. 
The information is used by policy makers, non-governmental organizations, academics, 
media and the public to better understand and evaluate Canada's state of the 
environment. CESI’s environmental indicators provide national, and some regional and 
international, environmental trends. Interactive maps are also available to visually explore 
environmental indicator results at the local and regional scale. The biodiversity module 
includes indicators related to wildlife species, conserved areas, habitat and sustainable 
use of natural resources (forests and fish stocks) (Environment and Climate Change 
Canada 2025). 

Nature Conservancy Canada collaborated with Carleton University to create a 
Conservation Planning Toolkit. The toolkit helps conservation practitioners identify 
priority areas for conservation and land stewardship by considering species at risk, critical 
habitat, cultural values and cost-effectiveness. It includes three main tools: Where To Work 
(WTW), What To Do (WTD) and Landscape Resilience (LR). These tools use artificial 
intelligence and computing power to conduct real-time conservation analysis and 
compare multiple scenarios, incorporating complex data such as species distributions and 
climate change projections. The WTW tool creates spatial analysis using a large number of 
reliable Canadian datasets on various species, climate, soils, hydrology, and more, as well 
as metrics and mathematical optimization algorithms to reveal prioritization sites based on 
criteria specially chosen by the users to fulfill their mission to protect biodiversified and 
ecologically valuable land. The WTD tool assists in determining the best conservation 
actions to take within priority areas, evaluating stewardship activities such as installing 
fences or removing invasive species and assessing the potential impacts of these 
actions. The LR tool is designed to evaluate the resilience of different landscapes or 
project areas to help support decision-making in optimizing the contribution of 
conservation efforts to landscape resilience and nature’s ability to thrive. Still under 
development, the LR tool helps identify areas that are resilient yet unprotected, making 
them prime candidates for area-based conservation efforts. It also assists in identifying 
degraded areas where restoration activities could provide significant benefits (NCC 2025). 
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In Ontario, the Credit Valley Conservation, Toronto and Region Conservation Authority, and 
Lake Simcoe Region Conservation Authority developed the Natural Assets Carbon 
Assessment Guide and Toolbox to guide the correct use of methods, tools, and resources 
to standardize estimations of two types of ecosystem services, carbon sequestration and 
carbon storage, across Greater Toronto Area and Lake Simcoe Region. Natural assets were 
defined as trees, forests, wetlands, grasslands, and manicured open spaces. The guide 
provides: i) per area, carbon sequestration and storage rates and additional information 
required to conduct assessments of carbon storage and sequestration for various local 
land cover types, including forests, wetlands, grasslands, and manicured open spaces 
and, ii) guidance regarding which tools, methods, and resources should be used to 
estimate carbon sequestration and storage for different natural assets (e.g., wetlands vs. 
grasslands), spatial scales (e.g. individual trees, forest stands, and patches of forest across 
a landscape), and project objectives and scenarios (e.g. restoration projects or protecting 
existing forests) (CVC, TRCA, and LSRCA 2022). The Toronto and Region Conservation 
Authority (TRCA) mentions that collaborative projects are currently underway to update 
carbon storage and sequestration rates in the guide for forests and wetlands. TRCA also 
indicates that they support municipalities by developing reliable methods to quantify and 
value ecosystem services for a variety of natural assets. They are exploring carbon storage, 
water runoff reduction, improved air quality, and more (TRCA 2025). 

7- Nature Valuation: Methods 
The IPBES report on the diverse values and valuation of nature is the first global and 
government-endorsed assessment on values of nature (IPBES. 2022a). It is the work of 
nearly 100 experts from around the world, assisted by about 200 contributing authors, 
along with significant input of indigenous and local knowledge. It integrates the screening 
of 32,248 peer-reviewed papers on valuation methods and a systematic detailed review 
and analysis of over 1,163 georeferenced studies applying specific valuation methods 
between 2010 and 2020. The report investigates valuation methods from the disciplines of 
economics and ecology that are largely informed by western worldviews but also explores 
valuation procedures and practices that look at nature and human-nature relations, 
including through the lenses of Indigenous People and Local Communities (IPBES 2022b, 
Termansen et al. 2022, Pascual et al. 2023).  

IPBES identified and classified over 50 different methods to assess nature’s values that 
have been applied in diverse socio-ecological contexts around the world in the last four 
decades of valuation research and practices. While multiple credible systems of method 
classification have been developed (see discussions in Brondízio et al. 2010, Chan et al. 
2012, Gómez-Baggethun and Ruiz-Pérez 2011, Jax et al. 2013, National Research Council 
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2005, Pascual et al. 2010, Reid et al. 2006), including those from environmental economics 
(Freeman et al. 2014), and have their merits within their disciplinary context (economics, 
political science, anthropology, conservation biology, etc.), their application across 
disciplines and traditions, including those of indigenous people and local communities, is 
limited (Termansen et al. 2022). To overcome this limitation, IPBES grouped valuation 
methods into four main discipline-neutral “method families”, each including quantitative 
and qualitative valuation systems that are associated with biophysical, economic and 
socio-cultural approaches. Methods within families share the same value sources and as 
such, also share similar ways of eliciting value and many of the same limitations, 
irrespective of the discipline they were derived from (Termansen et al. 2022). In this report, 
we will adhere to the four valuation method families developed by the IPBES. Refer to 
Appendix 1 (supplementary material) for a list of methods associated with the four method 
families. The characteristics of the four families of valuation methods are presented in 
Table 2. 

Three of the four valuation (of nature) method families are distinguished from one another 
by where they gather their information from (components of nature, people’s statements 
and people’s behaviour), while the fourth family integrates and synthesises values from 
multiple sources drawn from methods that spans the other three families to facilitate 
understanding and improve decision making (Termansen et al. 2022).  

1. Nature-based valuation: “assess the biophysical world in order to measure and 
characterise nature and components of nature to make nature’s contribution to 
people and the importance of nature-in-itself visible to decision-making” 
(Termansen et al. 2022). These are methods for collecting and analyzing 
environmental data to support resource management decisions. They include direct 
(e.g., wildlife/vegetation surveys, camera trapping, soil or water sampling, etc.) and 
indirect (remotely sensed) observations on ecosystem or species, or on landscape, 
topography, soil, water and air and expert consultations (e.g., Delphi methods, 
participatory resource mapping, interviews) (Table 2, Appendix 1). Indigenous 
people and local communities may also conduct direct and indirect assessment of 
nature using their own methods, such as ad-hoc observations or targeted territory 
patrols (Termansen et al. 2022).  

Four main (but not necessarily mutually exclusive) approaches comprising several 
methods are recognized by IPBES in this family. They include Direct Measurements, 
Stakeholder Consultations, Spatial Analysis and Mapping, and Modeling 
(Termansen et al. 2022, Appendix 1). The majority (68%) of the 1163 studies from 
IPBES’ global review of literature on valuation methods were nature-based 
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valuations (Termansen et al. 2022). ABMI’s “Status of Biodiversity in the Grassland 
and Parkland Regions of Alberta” report (ABMI 2016) is a good example where 
various approaches (direct measurements, spatial analysis and mapping and 
modeling) were used to generate the assessment. 

2. Behaviour-based valuation: Also known as “revealed preference methods”, it  
“quantifies or qualifies the importance of nature for people based on what people 
do with/in nature” using both economic and non-economic indicators (Termansen 
et al. 2022). This may include records of time and efforts spent for nature, resources 
and money spent to experience nature or observations of rituals and traditions 
(Table 2, Appendix 1). Direct observations of people or indirect information from 
databases or descriptions of behaviours are used to derive this information 
(Termansen et al. 2022). The values elicited by this family are considered more 
robust and less biased by participants and interpreters. Behaviour-based valuation 
made up 12% of studies from IPBES’ global review of literature on valuation 
methods (Termansen et al. 2022).  

3.  Statement-based valuation: “Quantifies or qualifies the importance of nature for 
people based on what people express when asked about what they value and why” 
(Termansen et al. 2022). Information about statements include priority scores, 
narratives, or willingness to pay (or receive money) for changes in aspects of nature 
or human-nature relations. Valuations in this family are primarily derived from direct 
interactions with individuals or groups through surveys, interviews or group 
discussions (Table 2, Appendix 1). Methods from this family can reveal the 
worldviews and motivations behind how people value nature. They are especially 
useful to determine the value of non-market and non-use aspects of nature 
(Termansen et al. 2022). Statement-based valuation made up 11% of studies from 
IPBES’ global review of literature on valuation methods (Termansen et al. 2022).  

A study to elicit the monetary value of a rare non-charismatic endemic species 
(giant Palouse earthworm; Driloleirus americanus) as an attribute within a larger 
multi-attribute valuation of the threatened and highly fragmented Palouse Prairie 
grassland ecosystem (Decker and Watson 2016) is a good example of statement- 
based valuation. Using a choice experiment method, area resident participants 
were asked to make trade-offs among 12 choice tasks representing three discrete 
choices of five grassland attributes and a conservation cost attribute. One of these 
attributes was the presence (or absence) of the giant Palouse earthworm, and 
another one was the cost (they would be willing to pay per year) for the conservation 
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of Palouse Prairie. The annual willingness to pay per household for the giant Palouse 
earthworm was estimated at about $20. 

4. Integrated valuation: “Combines several sources of information (whether from the 
same methods’ family or across families) on the importance of nature for people 
with the goal to integrate them towards a decision-making process” (Termansen et 
al. 2022). The integration process can happen through integrated modelling, 
deliberative processes or aggregation procedures to bring together value estimates 
with the goal of creating a comprehensive and aggregated accounting of the 
diversity of values and knowledge stemming from different stakeholders. Integrated 
valuation methods sit on the boundary between valuation systems and decision-
support tools, but their inherent valuation features still dictates which and how 
values inform decisions. The approaches are varied and include integrative methods 
such as modelling and scenario building to summarize information for decision-
making through the exploration of the interactions between ecosystem processes 
and human and environmental drivers, but also decision-making tools for project 
and policy evaluation (e.g., cost-benefit analysis, multi-criteria decision analysis, 
participatory rural appraisal and deliberative decision making (Table 2, Appendix 1) 
(Termansen et al. 2022). Integrated valuation made up 9% of studies from IPBES’ 
global review of literature on valuation methods (Termansen et al. 2022).  

Examples from this method family include the Canadian ES Toolkit and the 
modeling work of Otto et al. (2022) in the grasslands of North and South Dakota. The 
Canadian Ecosystem Services Toolkit was developed by the federal, provincial, and 
territorial taskforce on the Value of Nature to Canadians to incorporate the use of ES 
assessments into various government applications. The toolkit is interdisciplinary, 
bringing together biophysical and social sciences, economics, and traditional and 
practitioner knowledge (Value of Nature to Canadians Study Taskforce 2017). It is 
designed to be implementable at the federal, provincial, territorial, regional, 
watershed or municipal scale. Otto et al. (2022) used a production function to 
quantify the relationship between the market value of grasslands to commercial 
beekeepers and the importance of grasslands for birds of conservation concern in 
North and South Dakota. Their models estimated beekeeping annual revenue 
increased by $7525 USD and grassland bird abundances increased 2 to 7% per 10-
km2 increase in grassland area. Through this study they demonstrated both the 
market value of grasslands to commercial beekeepers and the non-market benefits 
of grasslands in supporting migratory birds. 
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Table 2. Characteristics of the four families of valuation methods (Termansen et al. 2022; also 
see Appendix 1) (Reproduced with permission under the terms of IPBES 2022). 
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Nature-based, statement-based, behavioural and integrated methods can be used to elicit 
and make sense of the diverse values of nature. Each valuation method family has its 
characteristics, strengths and limitations and may be better suited for certain objectives 
than others (Table 2). However, by combining complementary methods, their limitations 
can be lessened, and a more diverse set of values can be elicited. Expert consultation from 
diverse disciplines can help select the appropriate combination of methods to produce the 
most useful results for the decision being made (Termansen et al. 2022). 

8- Choosing a Valuation Method 
The choice of valuation methods in support of decision-making should be guided by three 
key considerations: their relevance, their robustness, and the resources they require for 
their implementation (thereafter referred to as the “3Rs”). The relevance factor determines 
the extent to which the methods and approaches used elicit the values that matter under 
different decision-making contexts. The robustness factor comprises two aspects: i) the 
ability to convey values reliably and consistently (involves assessing the replicability, the 
consistency and the precision of results); and ii) the legitimacy of the process in terms of 
the representativeness of stakeholders, both in the values that are included in the process 
and in the considerations given to the different people or groups impacted by the decision 
that it is intended to inform. Finally, the resource factor applies to the time, data availability 
and capacity (financial, technical and human resources) required to design and conduct 
the valuation (Pascual et al. 2023, Termansen et al. 2022). However, valuation systems 
rarely meet the three key considerations simultaneously.  

According to Termansen et al. (2022), there are no perfect valuation methods or silver 
bullets that match methods to purpose and contexts. The purpose of the valuation will 
narrow down the methods that would be suitable, and the context of the assessment will 
further determine what works and doesn’t work. Trade-offs between the “3Rs” must often 
be made, wherein an increase in relevance and robustness typically translates into a need 
for more resources and largely influences the feasibility of applying any given method 
(Pascual et al. 2023).  Moreover, depending on how comprehensive the valuation is 
intended to be, it maybe desirable to combine multiple complimentary methods.  

The IPBES recommends five steps to help guide valuations. These include (1) constructing 
a legitimate process; (2) defining the purpose of valuation; (3) scoping the valuation; (4) 
selecting and applying valuation methods; and (5) articulating the values into decision-
making (IPBES 2022b).  

• Step 1- Construct a legitimate process: Identify who (people, social groups, 
communities) depends on nature and will potentially be affected positively or 
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negatively by the changes; what are their levels of dependence on nature; what are 
their levels of influence and power on the decision about nature; which groups of 
people (and non-human being) need to be distinguished; whose values need to be 
represented; which people/groups/communities need to participate in the valuation 
process and; which processes and inclusiveness measures need to be achieved? 

• Step 2- Define the purpose of valuation: Decisions from step 1 help to establish the 
goals and purposes of the valuation, which can be stated, communicated towards 
or deliberated together with the relevant people, groups or communities in a 
transparent manner. Questions to be asked to clarify this step include why is the 
valuation being conducted; which decision type(s) is the valuation anticipated to 
inform; how will the results influence these decisions and who will be involved in 
decisions regarding these questions? The latter may involve adapting step 1. 

• Step 3- Scoping the valuation: Decide on the values to be covered by the valuation. 
This includes deciding on broad and specific value types that are important to the 
people/groups identified in step 1; keeping those that are relevant to the purpose of 
the valuation (step 2) and removing those that are not relevant or not relevant 
enough to the people/groups considered. The kinds of expertise needed, along with 
the available resources (time, financial, technical) need to be determined realize 
valuations for these value types. 

• Step 4- Selecting and applying valuation methods: With a clear process, purpose 
and scope, valuation method(s) can be selected and applied. This will be influenced 
by the inherent features of existing methods and the trade-off considerations 
needed based on available resources (step 3). It is important at this stage to involve 
experts from different disciplines to avoid disciplinary bias and asses the potential 
approaches and methods from different perspectives and traditions, so as to 
recognize or represent the full extent of value diversity entailed by the purpose. 

• Step 5- Articulating the values for decision-making: A successful valuation exercise 
should have its results inform and improve the decision for which it was designed. 
The actors commissioning the valuation, the diverse actors involved in it and the 
valuators share the duty to responsibly and effectively integrate the value 
information in the decision process.   

In working toward the PCF’s long-term environmental outcome of protecting isolated native 
habitats (PCF 2021), the following considerations grounded on the above IPBES 5-step 
guidelines could be taken when developing a valuation process. The process is iterative 
and adaptive and may involve returning to previous steps as new knowledge or information 
is shared and decisions are made: 
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 PCF Step 1- Construct a legitimate process: Deciding on protecting parcels of isolated 
native prairie habitat may impact (positively or negatively) several stakeholders. They may 
include either private or public landowners and land managers who directly depend on 
them to make a living. Some parcels may have indigenous values associated with them, 
which may be taken into consideration in the valuation process. Natural resources 
planners at various levels of government as well as non-government organization (NGOs) 
involved with land securement and stewardship could also be brought to the table to 
address the needs of priority species and habitats and their beneficial management. 

PCF Step 2- Define the purpose and intended use of the valuation output: Some of the 
questions to be asked here and potential answers are (Termansen et al. 2022): 

• Why is the valuation conducted? In the case of isolated habitats, it may be to 
determine which patches of habitat are the more valuable from the perspective 
of the stakeholders identified in Step 1. 

• Which decision types does the valuation aim to inform? Which parcels of land 
need to receive greater attention from a conservation and stewardship’s 
perspective to prevent their loss or increase their suitability for the various 
values identified (e.g., biodiversity, local traditions, nature appreciation, etc.). 

• How will valuation results target these decisions? The valuation process may 
involve some form of multi-criteria ranking of habitat patches with decisions to 
be made as to the threshold below which little or no effort is afforded toward 
their conservation/stewardship, and above which various efforts could be 
deployed on an incremental basis.  

• Who will be involved in decisions regarding the above questions? Likely resource 
managers will have an important role to play in this aspect, but other key 
stakeholders (from Step 1) could make strategic contributions. 

PCF Step 3- Scoping the valuation: The set of values to include are decided at this stage. 
Value types from the stakeholders identified at step 1 would be considered here. 
Biophysical (intrinsic) values are likely to be considered at this step. These may include the 
diversity of priority species (for Isolated Habitats Mapping project; Taylor 2022)), high 
priority landscape, the status of species and the status of native habitat as determined in 
the Status of Biodiversity in the Grassland and Parkland Regions of Alberta report (ABMI 
2016), connectedness (see Han et al. (2022) below), etc. Instrumental (e.g., grazing) and 
relational (e.g., aesthetics, recreational and cultural/spiritual) values could also be 
included here. The 3Rs (relevance, robustness, and the resources [time, financial, 
technical]) and the kinds of expertise needed to realize valuation for these value types 
should be determined at this step.  
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PDF Step 4- Selecting and applying valuation methods: Multiple methods would likely be 
of consideration for isolated habitats valuation. There are many ways to assess biophysical 
values that could be used for isolated habitats. A multi-species biodiversity index could be 
developed from the Isolated Habitat Mapping project (Zanshin Environmental Networks 
Inc. 2023). ABMI’s (2016) methodology used to determine the biodiversity intactness and 
effective mesh size indices (exercise already completed) could be integrated into this step. 
The concept of connectors and stepping stones from Han et al. (2022) would be worth 
investigating to integrate in the valuation process. The range health score may indicate the 
state of certain ecosystem services (Adams et al. 2016). The vegetation structure 
components of the rangeland health could provide an index of bird abundance (Hendersen 
and Davis 2014). At this stage, open-minded experts from different disciplines may be 
required to look at the inherent features of existing methods, to assess the pros and cons of 
the different methods, to afford representation of the different stakeholder values and to 
assist with determining what trade-offs need to be made respective of the 3Rs identified in 
Step 3. 

PCF Step 5- Articulating the values for decision-making: At this step, an action plan 
could be developed prioritizing selected activities (e.g., conservation, habitat stewardship, 
restoration, etc.) on isolated habitat patches according to their assessment “values” so as 
to achieve the PCF’s long-term environmental outcome of protecting isolated native 
habitats. 

9- Valuations Specific to Natural Habitats, Native Grasslands and 
Isolated Habitats 

Several studies in the literature used various approaches to natural habitat valuation, 
including valuations that are specific to native grasslands and/or isolated habitats. 
Depending on the objectives, they used either monetary or biophysical 
measures/indicators in their assessments, which involved looking at instrumental or 
intrinsic values. They are described below. 

9.1- Valuation Studies about Natural Habitats 

The Institute for Sustainable Finance (ISF 2024) conducted a partial assessment of 
Canadian wetlands’ value, looking at two ecosystem services: water filtration services and 
carbon sequestration services. The accuracy of models of wetland land cover was 
determined to be generally poor, which limited their estimates of total wetland area. They 
deferred to the System of Environmental-Economic Accounting - Ecosystem Accounting 
(SEEA-EA; see above) to determine their choice of methods. They focused on valuing 
wetland services that have a directly observable market price, which was limited to the two 
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ES afore mentioned. Using the benefit or value transfer method, they estimated that 
wetlands provided natural services worth around $225 billion per year, equivalent to 
around 10 percent of GDP.  They also investigated potential areas of capital sourcing for 
preserving natural assets such as wetlands. These include Green bonds; Environmental 
Impact Bonds, payment for ecosystem services models; Voluntary Carbon Markets 
(VCMs), biodiversity credits (similar to carbon credits), blended financing models and tax 
incentives. They found that Canada severely lacks an understanding of its current stock of 
natural capital (including but not limited to wetlands). They indicated that a major area of 
focus for ISF will be to develop more accurate estimates of total coverage of wetlands and 
other beneficial ecosystems, combined with thorough evaluations of their derived services. 

Külling et al. (2024) conducted a comprehensive spatial assessment for 15 Nature’s 
Contributions to People (NCP) and one biodiversity – distribution of threatened species – 
indicators (BD) in Switzerland. Indicators values were computed using a combination of 
mapping and modelling methods. They found significant trade-offs and synergies in the 
spatial repartition of these indicators. In particular, an analysis performed on the 16 
indicators revealed the existence of four bundles showing a heterogeneous repartition over 
the Swiss landscape. They concluded that various significant relationships existed 
between NCP and biodiversity indicators in Switzerland, emphasizing the importance of 
informed conservation approaches considering both NCP and biodiversity supply. 

In 2023, EcoMetrics conducted an analysis of the market and non-market value of the 
environmental, economic, and social benefits created by a four-farm pilot implementation 
of the “Alliance for Water Stewardship standard” in the Lake Winnipeg Basin in Manitoba. 
The Project Partners engaging in this work were two environmental groups, ALUS Canada 
and The Water Council, and four agri-food supply chain companies. EcoMetrics was tasked 
to characterize the co-benefits that could be expected to result from the intended water 
stewardship practices, in order to establish which water stewardship practices -if 
implemented- would drive the most value for the environment, communities, and the value 
chain. EcoMetrics incorporated the guiding principles of Social Value International’s (SVI) 
Social Return on Investment (SROI) Methodology in their assessment. They used a meta-
analysis and benefits transfer approach to assign economic values to outcomes. They 
looked at “current conditions” (prior to adoption of practices) and changes anticipated 
from “implementation of proposed water stewardship practices” over the next 25 years and 
measured the difference (delta). Values were assigned for two management strategies: 1) 
cropland stewardship strategies (improved nutrient management, water use and tillage on 
cropland), and 2) enhancement of edge-of-fields and marginal farmlands (restoration or 
preservation of riparian buffer zones, inland wetlands, planting of hedgerows [windbreak 
and pollinators], preservation of green space). Values were presented by stakeholder, 
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including Environment & Producers, Producers, General Public and Local Governments. 
The “Habitat and Biodiversity” outcome of enhancing edge-of-field and marginal farmlands 
was estimated to produce a net value of nearly $16 million dollars over 25 years for the 
Environment & Producers group (Piñero et al. 2023).  

9.2- Valuation Studies Specific to or Including Grasslands 

Mulrooney and Jones (2023) used a benefit transfer approach to produce an initial 
estimate of the potential economic value of ecosystem services and natural capital 
associated with the terrestrial and marine environments in Canada’s federal system of 
national parks and national marine conservation areas. Landsat satellite data were 
employed to determine asset extent, and ES values were taken from the scientific literature 
with applicability to the Canadian context. Eight land cover types (or “asset” types) were 
recognized: barren lands, forested lands, grasslands, shrublands, water, wetlands, snow 
and ice, and marine. Ecosystem service values were assigned to the extent of each asset 
type in each protected area. Grassland environments had an annual service value at 
between CA$ 6 billion and CA$ 32 billion (medium estimate of approximately CA$ 19 billion 
– in 2020 CAD). Values for 12 ES were also provided. 

DeLoyde and Mabee (2023) used previously published data post-2005 to ascribe values 
(in monetary terms) of provisioning, regulating, cultural, and supporting ecosystem 
services for different land cover classes, including grasslands, in southern Ontario. Data 
describing land cover classification from two time periods were used to understand 
changes on the landscape before and after protected areas were designated. The tool 
presented is capable of monitoring discrete categories of ecological services as well as 
overall values to provide useful ecological indicators for environmental planners and land 
managers. Their findings illustrate the effectiveness of using ecosystem service values to 
assist planners and land managers in making land management decisions with regard to 
maintaining protected areas for the long term, versus the conversion of protected areas 
into urban development. Data for grasslands came from three studies: Wilson (2008, see 
below), Troy and Bagstad (2009), and Spatial Informatics Group (2013).  

Otto et al. (2022) used a production function to quantify the relationship between the 
market value of grasslands to commercial beekeepers and the importance of grasslands 
for birds of conservation concern in North and South Dakota. Their models estimated 
beekeeping annual revenue increased by $7525 USD per 10-km2 increase in grassland area 
and grassland bird abundances increased 2% to 7% per increase in grassland area. 
Through this study they demonstrated both the market value of grasslands to commercial 
beekeepers and the non-market benefits of grasslands in supporting migratory birds. 
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Wilson (2014) took a similar approach as Wilson (2008; see below) to assess the economic 
values for the ecosystem services provided by natural capital within the B.C. portion of the 
Peace River Watershed, ahead of a major hydroelectric development project (Site C) in the 
Peace River Valley. Spatial land cover data were used to identify land cover ecosystem 
types and land use for the study area, including grassland. Ecosystem types and land use 
were then used to identify the ecosystem services (ES) provided by the area’s natural 
capital. The ES values reported in the study were mostly direct- and indirect-use values and 
the approaches taken to assess them were provided.   

The Ontario Ministry of Natural Resources commissioned Spatial Informatics Group in 
2013 to investigate two different approaches to quantifying and assessing ecosystem 
services in and around several provincial parks in Ontario. In one approach, they used the 
platform ARIES (see above) to quantify the spatial connection between ecosystems and 
their beneficiaries, looking at the type of service and assessing the physical flows of 
benefits over space. They tested this framework as a proof of concept on two case study 
areas, for four different ecosystem services. The other approach used a “value transfer” 
analysis for a different region. The value transfer analysis resulted in the development of a 
detailed and customized land cover typology that included 18 classes with valuations and 
one class for all other land that didn’t have existing or expected valuation. The valuation 
estimates used for the value transfer approach were similar to those in the Southern 
Region Study by Troy and Bagstad (2009), but with a number of modifications, including 
updating values to 2011 Canadian dollars. Grasslands were represented by the 
“Grassland/pasture/hayfield” class, which is the same class as in Troy and Bagstad (2009). 
It was estimated at $399/ha/year for eight ecosystem services, which translated into a total 
value of $3,990 per year for the provincial parks and conservation reserves assessed (Voigt 
et al. 2013). 

ÉcoRessources Consultants (2013) developed a tool to generate estimates of the value of 
nature’s benefits to society arising from the restoration of ecosystems and habitats on 
ALUS (Alternative Land Use Services) farmlands in Canada. As part of a primary step in 
ALUS’ marketing strategy, the tool was developed with the goal of demonstrating the value 
of ES to potential investors, communities and customers to support potential investments 
in its program. The tool estimated the economic values of suites of ecological services 
from five restoration project types by using accepted benefit transfer approaches. These 
project types included wetland, streamside vegetation, grassland and forest restoration. 
Grasslands were assessed for two counties, Norfolk (ON) and Vermillion River (AB), and 
estimates were largely derived (with modifier) from those of ES for grasslands and forests 
by Christie et al. (2011; below). Their (conservative) value was assessed at $1/acre/year in 
Vermillion River and $37/acre/year in Norfolk, presumedly due to the difference in 
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population density which was 31 times higher in Norfolk resulting in greater scarcity of 
grasslands (ÉcoRessources Consultants 2013).   

Christie et al. (2011) undertook a valuation research study to estimate the economic value 
of changes in biodiversity and associated (non-market) ecosystem services expected to 
result directly from the delivery of the UK Biodiversity Action Plan (UK BAP). They assessed 
1) the marginal value of ecosystem services associated with the UK BAP, 2) the levels of 
ecosystem services delivered by different UK BAP habitats, and 3) the marginal value of the 
UK BAP conservation activities: across the UK as a whole; within different regions of the 
UK; and across different BAP habitats and species. They examined two scenarios: i) 
“Current spend” - maintain current level of BAP provision, and ii) “Increased spend 
scenario” - above and beyond the current spend scenario, where the BAP is fully 
implemented. A choice experiment study (public valuation) was used to estimate the 
economic value of seven ecosystem services associated with the UK BAP. Of the 19 broad 
habitat types assessed, grasslands were represented by lowland calcareous grassland, 
lowland dry acid grassland, upland calcareous grassland and improved grassland. The 
total marginal benefits (aggregate value) of the ecosystem services delivered by the UK BAP 
under the “current spend” scenario for the entire UK was £174.37m/year and the total 
marginal benefits (aggregate value) under the “increased spend” scenario was 
£92.63m/year for the three grassland habitat types (Christie et al. 2011). 

Troy and Bagstad (2009) conducted a spatially explicit ecosystem service valuation for 
southern Ontario to inform policy-makers wishing to incorporate ecosystem service values 
into their decision-making. They used a proprietary database system and query engine 
along with the spatial value transfer-based methodology. It provided estimates of the yearly 
flow of ecosystem service values per land cover type for southern Ontario and illustrated 
the geographic variation in these values. The land cover type grassland/pasture/hayfield 
was described as “likely areas for pasture or hayfields, or identified native grasslands 
outside of urban areas” was estimated at $353 (2008 CAD)/ha/year for the entire study 
region and included eight ecosystem service types.  

The British Columbia Grasslands Conservation Council (GCC) commissioned Wilson 
(2009) to 1) conduct a review of the ES valuation studies about grasslands in North 
America, 2) conduct a review of payment for ecosystem services including conservation 
programs and carbon trading systems related to grasslands and rangelands, 3) provide 
opportunities for further research on conservation incentive and ES valuation for grassland 
conservation in BC, and 4) provide three priority actions for GCC’s future work on natural 
capital and conservation incentives. Wilson (2009) identified ten global, national, state and 
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regional economic assessment studies on the value of ES related to grasslands, some of 
which are mentioned below. 

Wilson (2008) used various data sources to quantify the natural capital value (in monetary 
terms) of the non-market ecosystem goods and services provided by Lake Simcoe’s 
watershed, a section of which is located in Ontario’s Greenbelt. This project involved 
identifying and classifying the extent of the different land uses and ecosystem types across 
the Lake Simcoe basin in order to assess the ecosystems, functions and their respective 
services. Grasslands were one of the ecosystem types, which included perennial crops and 
pastures (because some ALUS farmlands allow grazing).  

Dodds et al. (2008) determined the economic value and the relative benefits for eight 
categories of ecosystem goods and services associated with native and restored lands in 
six ecoregions across the conterminous United States. They found that wetlands (48%) and 
Great Plains (10%) had the greatest remaining native areas. With 23 million hectares 
remaining as native and 10 million hectares restored, the Great Plains ecoregion’s 
ecosystem goods and services were valued at $1574 billion per year (in 2004 US dollars), 
with $384 billion of that corresponding to restored areas. Using various approaches, they 
provided estimates for eight ecosystem services for the six ecoregions. For the Great 
Plains, commodities (native and tame grasses harvested) represented the highest value at 
$3853/ha/year and biodiversity (e.g., pollination) was estimated at $46/ha/year. Native and 
restored Great Plains lands supplied the largest economic values of biodiversity per unit 
area of the terrestrial ecoregions. They considered that restored lands offered 31% to 93% 
of native land benefits (70% for the Great Plains) within a decade after restoration and 
concluded that conservation should be the first priority, but that restoration programs 
across broad geographic regions can have substantial value. 

In their two-year study, Costanza et al. (2008) assessed the economic value of New 
Jersey’s ES and natural capital. They used three different approaches to derive their 
monetary estimates: value transfer, hedonic analysis, and spatial modeling. They organized 
their study by different land cover types. Pasture/grassland land cover type was valued at 
$77-2004 USD per acre per year for the gas/climate and water regulation and soil 
formation, waste treatment, pollination, biological control and aesthetic and recreation 
services they provide.  

De Witt and Blignaut (2006) were contracted to assist with assessing the economic value 
of grassland ES in South Africa. They provided a broad overview of existing monetary 
valuation studies of grasslands in South Africa, sufficient to inform proposal development 
to the Global Environmental Facility. They also developed comprehensive physical and 
monetary grassland accounts for South Africa. They determined that the Grassland biome 
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of South Africa covered an area of 336,544 km2. They estimated the value of the flow of 
ecosystem services in South African grasslands to be in the order of 9.7 billion rand per 
annum, or 29,000 rand per km2.  

Olewiler (2004) explained the importance of valuing nature. The services provided by 
Canada’s natural capital are described using four case studies. Case studies illustrate that 
governments may be making inefficient choices in allocating land to uses that destroy and 
degrade natural capital. Society may therefore have to look for more expensive substitutes 
or to forego these services at a loss to our well-being today and into the future. The case 
studies include the Lower Fraser Valley in British Columbia, the Grand River watershed in 
southern Ontario, the Upper Assiniboine River Basin in east-central Saskatchewan and 
western Manitoba and the Mill River watershed in western Prince-Edward Island. The Lower 
Fraser Valley’s natural capital valuation includes goods and services provided by 
grasslands and rangelands, for which conservation is valued at $232 per hectare per year. 
This value was transferred from Costanza et al. (1998) in their global assessment of 
ecological services. 

The Pilot Analysis of Global Ecosystems (PAGE) project was intended to provide an 
overview of ecosystem condition at the global and continental levels for five major 
categories of ecosystems: 1) agroecosystems, 2) coastal ecosystems, 3) forest 
ecosystems, 4) freshwater ecosystems, and 5) grassland ecosystems. It documented the 
extent and distribution of the five major ecosystem types and identified ecosystem change 
over time and analyzed the quantity and quality of ecosystem goods and services. PAGE 
also attempted to assess the capacity of ecosystems to continue to provide goods and 
services, using measures of biological productivity. PAGE is a predecessor of the 
Millennium Ecosystem Assessment (MA 2005) (White et al. 2000). As part of PAGE, White 
et al. (2000) investigated grassland ecosystems to present quantitative indicators and 
qualitative information on the condition of the world’s grasslands. Grassland condition was 
defined in terms of the current and future capacity of these ecosystems to provide goods 
and services important to humans. Goods and services included food, forage and 
livestock, biodiversity, carbon storage and tourism and recreation. Measure indicators, 
conditions and trends and information status and needs are presented for each category of 
ecological goods and services. 

Also see Herrera et al. (2017) and Decker and Watson (2016) below. 

9.3- Valuation Studies Specific to Isolated Habitats 

Deane and Riva (2025) investigated whether equal areas of smaller and larger habitat 
patches provided equivalent habitat value and how might this change over time and under 
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differing matrix conditions. They developed an indicator of relative habitat value based on a 
species-individual null model and used the indicator to compare sets of patches ordered in 
small-to-large and large-to-small orders, building hierarchical Bayesian regression models 
to test the role of time since patch creation and contrasting matrix conditions. They 
assessed habitat value for 85 metacommunities inhabiting fragmented landscapes from 
around the world (1354 patches, >4500 species). They found that, in long-fragmented, light 
matrix landscapes, small and large patches apparently offer comparable per-unit-area 
habitat value. Conversely, under a harsh matrix, larger patches retain slightly greater 
habitat value. They speculated that a ‘colonization credit’ might occur within smaller 
patches after the initial loss of fragmentation-sensitive species in disturbed landscapes. 
Overall, analyses supported the need to maintain and enhance total habitat area—
regardless of configuration—for biodiversity conservation, especially in long-fragmented 
landscapes with light matrices. 

Wang et al. (2024) used the stepping-stone and complex network theories to simulate the 
ecological network in highly urbanized areas of southeast China, evaluate the centrality of 
each “ecological source” (patches with the highest habitat quality) and “stepping-stone” 
(patches of high ecological flow density and high habitat quality) and analyse the network 
robustness under different damage scenarios. They then identified the optimal strategy 
and key patches for maintaining ecological connectivity. They also evaluated whether the 
key patches were protected by China’s new policies: Ecological Protection Red Line (EPRL) 
and the Three Lines One Permit (TLOP). Results indicated that 1) the ecological network 
was composed of 53 ecological sources and 291 stepping-stones, with 591 links between 
them; 2) the network stability can be optimally maintained by prioritizing the protection of 
stepping-stones with high centrality, and 3) the 53 ecological sources and 51 stepping-
stones with the highest centrality can ensure the stable operation of the ecological 
network, that is, they are key patches for ecological corridor maintenance. 

Riva and Fahrig (2023) analysed 71 datasets (a global compilation of metacommunities 
hosting 4351 taxa in 1149 patches) and 425 scenarios (i.e. combinations of dataset×habitat 
amount that included at least two sets of patches involving 9954 sets of patches) to 
compare species richness and evenness across sets of patches with equal cumulative 
area, but different sizes and numbers of patches. They tested two predictions: for multiple 
sets of patches totalling the same habitat area: 1) species richness and species evenness 
will increase with increasing mean patch size across sets of patches, that is, when habitat 
is less fragmented; 2) the positive relationship between species richness or species 
evenness and mean patch size [Prediction (1)] will be weaker in scenarios with a higher 
species turnover.  To achieve the former, they measured species richness (S) and species 
evenness, measured as Hurlbert's probability of interspecific encounter (PIE), following 
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Chase et al. (2020; see below). Then, they modelled the effect of mean patch size of a set 
of patches on each of S and PIE. To achieve the latter, they partitioned beta diversity using 
incidence-based (Jaccard dissimilarity) and abundance-based (Ruzicka dissimilarity) 
metrics. They also tested whether the diversity in small patches was inflated by generalist 
species spilling over from the matrix into small patches. To achieve this, they re-evaluated 
Prediction (1) (above) including only declining species (thus excluding generalist species 
that are not declining or are increasing). They concluded that ecosystem decay (as 
observed for small patch sizes in Chase et al. 2020) did not extrapolate to the landscape 
scale. As opposed to Prediction (1), they found that species richness actually decreased 
with increasing mean patch size across sets of patches (when habitat was less 
fragmented). The same relationship was found when evaluating only declining species, 
indicating that the increase in total species richness with decreasing mean patch size was 
not due to spillover of generalist species from the matrix into small patches. Consistent 
with Prediction (2), they found that when considering an equal total habitat area, higher 
species turnover in a metacommunity contributes to the higher species richness across 
sets of several small than few large patches. They suggest that “we should take advantage 
of all opportunities to protect and restore habitat, regardless of patch sizes”. 

Riva and Fahrig (2022) analysed 32 datasets from around the world comprised of 603 
patches and 2290 taxa using a classical SLOSS (single large patches or several small 
patches) comparison for each dataset to determine whether the current conservation 
emphasis on large over small patches is valid. In one curve, the number of species and 
total area are accumulated from smallest to largest patch, and in the other curve they are 
accumulated from largest to smallest patch. If the largest-to-smallest curve lies above the 
smallest-to-largest curve, then SL > SS. If the reverse occurs, then SS > SL (SL = single or a 
few large patches; SS = several small patches). If the curves cross, the SLOSS comparison 
is inconclusive (SL = SS). Results: 1) sets of small patches harbor more species than large 
patches even when considering only species of conservation concern. 2) sets of small 
patches harbor more species than large patches even when the small patches are very 
small compared to the large patches. Therefore, higher extinction risk in small than large 
patches does not decrease the cumulative value of small patches for biodiversity. Their 
results confirm and reinforce the results of other studies that demonstrate the 
disproportionately high value of small patches for biodiversity conservation, providing 
managers, practitioners, community groups, and individuals with evidence supporting their 
efforts to protect or restore small areas of habitat. 

Szangolies et al. (2022) used an individual-based, spatially-explicit community model to 
analyze the diversity of mammal communities in landscapes consisting of a few large 
habitat islands interspersed with different amounts and sizes of small habitat patches. 
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Within these heterogeneous environments, individuals compete for resources and form 
home-ranges, with only risk-tolerant individuals using habitat edges. Results show that 
when risk-tolerant individuals exist, small patches increase species diversity. A strong peak 
occurs at approximately 20% habitat cover in small patches when those small habitats are 
only used for foraging but not for breeding and home-range core position. Additional usage 
as stepping stones for juvenile dispersal further increases species persistence. Overall, 
their results reveal that a combination of a few large and several small habitat patches 
promotes biodiversity by enhancing landscape heterogeneity. These small patches add 
value to landscapes by serving as foraging areas and stepping stones and diversifying the 
environment.  

Han et al. (2022) used the forest in Kalajun-Kuerdening, Xinjiang, China, as a case study, to 
assess the potential role of small patches in landscape connectivity, and to determine 
which of these sites should be prioritized for conservation/protection. They ranked the 
patches according to their importance in maintaining overall connectivity. They used the 
following metrics of connectivity proposed: the probability of connectivity index, 
normalized equivalent of connected area, and the number of components. Thirteen 
patches were classified as critical and fourteen as important patches for landscape 
connectivity, which they proposed should be recognized as priority sites. Based on their 
contributions to maintain overall connectivity, seven small (<5 ha) patches and fifteen 
small patch clusters were identified as connectors between large patches, which could be 
used as stepping stones by some species. Some small patches provide critical habitat and 
protection for species with small home ranges and short dispersal distances and thus were 
prioritized for both conservation and management of landscape connectivity.  

Chase et al. (2020) analysed 123 studies of assemblage-level abundances of focal taxa 
taken from multiple habitat fragments of varying size from around the world to evaluate the 
influence of passive sampling (species are lost in proportion to their abundance and 
distribution in the natural habitat with habitat loss) and ecosystem decay (more species 
are lost than would have been expected simply through loss of habitat alone) on 
biodiversity loss. They found that across all studies, ecosystems and taxa, biodiversity 
estimates from smaller habitat fragments contained fewer individuals, fewer species and 
less-even communities than expected from a sample of larger fragments, supporting the 
ecosystem decay hypothesis. They calculated several biodiversity indices that reflect 
different aspects of the total and relative species abundances, as well as aspects of 
sample completeness. They used hierarchical generalized linear models to examine the 
relationship between biodiversity indices and fragment size.  
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Wintle et al. (2019) undertook a global synthesis of the relationship between the 
conservation value of habitat patches and their size and isolation, based on 31 systematic 
conservation planning studies across four continents. They found that that small, relatively 
isolated habitat patches of high shape complexity in fragmented landscapes tend to be of 
higher conservation value according to a complementarity and representativeness 
criterion than a similar-sized habitat patch within contiguous tracts of intact vegetation of 
low shape complexity. This means that small, isolated patches are inordinately important 
for biodiversity conservation. Their results provide a powerful argument for redressing the 
neglect of small, isolated habitat patches, for urgently prioritizing their restoration, and for 
avoiding simplistic application of island biogeography theory in conservation decisions. 
The conservation value of a given landscape unit (raster cell) was defined in terms of its 
conservation priority rank, as determined by a Zonation analysis based on a “marginal loss” 
function, that is based on the proportion of remaining species distributions contained 
within each cell. Based on vegetation mapping, patches of habitat generally comprised 
areas of natural forest, woodland, shrubland, or grassland embedded in a matrix of human-
modified agricultural land thought to be unsuitable for the species included in each case 
study. 

Herrera et al. (2017) investigated the potential contribution of small habitat patches as 
stepping stones for maintaining overall landscape connectivity for many species inhabiting 
fragmented landscapes. They used connectivity metrics based on a graph-theoretic 
approach to (i) quantify the connectivity of grassland patches in a sector of the Pampa 
region in Argentina using a range of dispersal distances (from 100 to 10,000 m) 
representative of the scale of dispersal of different species; (ii) identify the most relevant 
patches for maintaining overall connectivity; and (iii) study the importance of small 
patches (defined for different area thresholds of 5, 20, and 50 ha) as connectivity providers 
in the landscape. They found that grassland patches were in general poorly connected at all 
distances, but some of them played a critical role as stepping stones, yielding significant 
connectivity gains for species that move large distances for the three area thresholds 
considered. They recommended 1) to preserve grassland patches with the highest 
potential as stepping stones to promote landscape-level connectivity and 2) to pay more 
attention to the conservation of key small patches, since usually they are those more 
vulnerable to land clearing for agriculture. 

Decker and Watson (2016) conducted a study to elicit the monetary value of a rare non-
charismatic endemic species (giant Palouse earthworm; Driloleirus americanus) as an 
attribute within a larger multi-attribute valuation of the threatened and highly fragmented 
Palouse Prairie grassland ecosystem (covering central Idaho, southeastern Washington, 
and northeastern Oregon) using a statement-based valuation approach. They employed a 
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choice experiment method where area resident participants were asked to make trade-offs 
among 12 choice tasks representing three discrete choices of five grassland attributes and 
a conservation cost attribute. One of these attributes was the presence (or absence) of the 
giant Palouse earthworm, and another one was the cost (they would be willing to pay per 
year) for the conservation of Palouse Prairie. The annual willingness to pay per household 
for the giant Palouse earthworm was estimated at about $20. 

Ovaskainen and Hanski (2003) investigated ways of classifying the different types of 
measures that can be used to characterize “patch value” for the dynamics and persistence 
of a metapopulation living in a network of many fragments. They argued that the question 
“What is the value of a particular habitat patch in a patch network” cannot be properly 
answered until what is meant by “patch value” is first defined. They investigated four 
alternative quantitative measures of the “value” of an individual habitat fragment: the 
contribution of a fragment to the metapopulation capacity of the network, to the 
equilibrium metapopulation size, to the expected time to metapopulation extinction and 
the long-term contribution of a fragment to colonization events in the network. They 
showed that the value of a fragment depends not only on the properties of the landscape 
but also on the properties of the species. Most importantly, variation in fragment values 
between the habitat fragments is greatest in the case of rare species that occur close to the 
extinction threshold, as these species are likely to be restricted to the most favorable parts 
of the landscape. 

Fisher and Lindenmayer (2002) analysed the conservation value of small patches in terms 
of bird species diversity in two landscapes of southern Australia. Their results show that in 
the Tumut landscape, patch sizes ranged between 0.5 and 97.6 ha; 30 species of birds 
(37%) were observed in patches of up to 1 ha, and 74 species (91%) were found in patches 
of up to 10 ha. In the Nanangroe landscape, patch sizes ranged from 0.4 to 15.6 ha, and 74 
species of birds (75%) were found in patches smaller than 1 ha. In both landscapes, small 
patches contributed strongly to species accumulation curves. They concluded that while 
large patches are needed by many species to maintain viable populations, it is important to 
recognise the complementary value of small remnants. They further indicated that it is 
necessary to examine the value of small habitat patches, so they are not removed simply 
because they are small, and hence implicitly assumed to be worthless. In addition, due to 
their lower costs, small scale restoration programmes using small patches as a starting 
point are more likely to be implemented in the short term than large scale projects that can 
be very expensive. 



39 
 

10- References 
Adams, B.W., Ehlert, G., Stone, C., Alexander, M., Lawrence, D., Willoughby, M., Moisey, D., 
Hincz, C., Burkinshaw, A., Richman, J., France, K., DeMaere, C., Kupsch, T., France, T. 
Broadbent, T., Blonski, L., and Miller, A.J. 2016. Rangeland Health Assessment for 
Grassland, Forest and Tame Pasture. AEP, Range Resource Stewardship Section. Accessed 
[2025 Nov. 30]. URL: https://open.alberta.ca/dataset/51cad211-09f6-49bd-86ef-
ca3162f2ea7a/resource/2cadf8f4-ef65-4e48-812e-
10f8daf027a8/download/rangelandhealthassessment-2017.pdf 

Alberta Biodiversity Monitoring Institute (ABMI). 2016. The Status of Biodiversity in the 
Grassland and Parkland Regions of Alberta. Accessed [2025 Nov. 1]. URL: 
https://abmi.ca/publication/424.html 

Alberta Parks. 2015. Natural Regions and Subregions of Alberta. A Framework for Alberta’s 
Parks. Alberta Tourism, Parks and Recreation. Edmonton, Alberta. 72pp. Accessed [2025 
Nov. 1]. URL: https://www.albertaparks.ca/media/6256258/natural-regions-subregions-of-
alberta-a-framework-for-albertas-parks-booklet.pdf 

Anderson, C.B., Athayde, S., Raymond, C.M., Vatn, A., Arias, P., Gould, R.K., Kenter, J., 
Muraca, B., Sachdeva, S., Samakov, A., Zent, E., Lenzi, D., Murali, R., Amin, A., and Cantú-
Fernández, M. 2022. Chapter 2: Conceptualizing the diverse values of nature and their 
contributions to people. In: Methodological Assessment Report on the Diverse Values and 
Valuation of Nature of the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services. Balvanera, P., Pascual, U., Christie, M., Baptiste, B., and González-
Jiménez, D. (eds). IPBES secretariat, Bonn, Germany. 
https://doi.org/10.5281/zenodo.6493134 

Anderson, C.B., Tamburini, D.M., Baldo, J.L., Barbe, I., Cabrol, D.A., Bezerra, J.C., Cordier, 
J.M., Cussel, C., Dodino, S., Estigarribia, L. and Pacheco, R.E. 2025. Valuations of nature 
and its contributions to people in South America’s Southern Cone: taking stock and looking 
forward. Perspectives in Ecology and Conservation. DOI: 
https://doi.org/10.1016/j.pecon.2025.09.003 

Andrew, M.E., Wulder, M.A., Nelson, T.A. and Coops, N.C. 2015. Spatial data, analysis 
approaches, and information needs for spatial ecosystem service assessments: a review, 
GIScience & Remote Sensing, 52:3, 344-373, DOI: 
https://doi.org/10.1080/15481603.2015.1033809 

https://open.alberta.ca/dataset/51cad211-09f6-49bd-86ef-ca3162f2ea7a/resource/2cadf8f4-ef65-4e48-812e-10f8daf027a8/download/rangelandhealthassessment-2017.pdf
https://open.alberta.ca/dataset/51cad211-09f6-49bd-86ef-ca3162f2ea7a/resource/2cadf8f4-ef65-4e48-812e-10f8daf027a8/download/rangelandhealthassessment-2017.pdf
https://open.alberta.ca/dataset/51cad211-09f6-49bd-86ef-ca3162f2ea7a/resource/2cadf8f4-ef65-4e48-812e-10f8daf027a8/download/rangelandhealthassessment-2017.pdf
https://abmi.ca/publication/424.html
https://www.albertaparks.ca/media/6256258/natural-regions-subregions-of-alberta-a-framework-for-albertas-parks-booklet.pdf
https://www.albertaparks.ca/media/6256258/natural-regions-subregions-of-alberta-a-framework-for-albertas-parks-booklet.pdf
https://doi.org/10.5281/zenodo.6493134
https://doi.org/10.1016/j.pecon.2025.09.003
https://doi.org/10.1080/15481603.2015.1033809


40 
 

Anonymous. 2023. Natural Capital Project - InVEST®. Accessed [2025 Nov. 26]. URL: 
https://tnfd.global/wp-content/uploads/2023/07/Natural-Capital-Project-InVEST-TNFD-
case-study-FINAL.pdf 

Bach, P.M., Rauch, W., Mikkelsen, P.S., McCarthy, D.T. and Deletic, A. 2014. A critical review 
of integrated urban water modelling–Urban drainage and beyond. Environmental modelling 
& software, 54, pp.88-107. DOI: https://doi.org/10.1016/j.envsoft.2013.12.018 

Badreldin, N., Prieto, B. and Fisher, R., 2021. Mapping grasslands in mixed grassland 
ecoregion of Saskatchewan using big remote sensing data and machine learning. Remote 
Sensing, 13(24), p.4972. DOI: https://doi.org/10.3390/rs13244972 

Barbier, E.B. 2016. The protective service of mangrove ecosystems: A review of valuation 
methods. Marine pollution bulletin, 109(2), pp.676-681. DOI: 
http://dx.doi.org/10.1016/j.marpolbul.2016.01.033 

Barreto, C. and Gavioli, L. 2023. What is the social cost of carbon? WayCarbon. Accessed 
[2025 Dec. 2]. URL: https://waycarbon.com/blog/the-social-cost-of-
carbon/#:~:text=Despite%20limitations%20associated%20with%20the,to%20their%20co
st%2Dbenefit%20ratio. 

Bateman, I.J., Mace, G.M., Fezzi, C. et al. 2011a. Economic Analysis for Ecosystem Service 
Assessments. Environ Resource Econ 48. Pp. 177–218. https://doi.org/10.1007/s10640-
010-9418-x 

Bateman, I.J., Abson, D., Beaumont, N., Darnell, A., Fezzi, C., Hanley, N., Kontoleon, A., 
Maddison, D., Morling, P., Morris, J., Mourato, S., Pascual, U., Perino, G., Sen, A., Tinch, D., 
Turner, K. and Valatin, G. 2011b. Economic Values from Ecosystems. In: The UK National 
Ecosystem Assessment Technical Report. UK National Ecosystem Assessment, UNEP-
WCMC, Cambridge. Accessed [2025 Nov. 6]. URL: 
https://catalog.ipbes.net/system/assessment/1/references/files/438/original/Ch22Econo
micValues.pdf?1417604859 

BC3. 2025. Making science matter in policy where nature counts - ARtificial Intelligence for 
Environment & Sustainability (ARIES). Accessed [2025 Nov. 26]. URL: 
https://aries.integratedmodelling.org/ 

Benitez-Capistros, F., Camperio, G., Hugé, J., Dahdouh-Guebas, F. and Koedam, N. 2018. 
Emergent conservation conflicts in the Galapagos Islands: Human-giant tortoise 
interactions in the rural area of Santa Cruz Island. PLoS One, 13(9), p.e0202268. DOI: 
https://doi.org/10.1371/journal.pone.0202268 

https://tnfd.global/wp-content/uploads/2023/07/Natural-Capital-Project-InVEST-TNFD-case-study-FINAL.pdf
https://tnfd.global/wp-content/uploads/2023/07/Natural-Capital-Project-InVEST-TNFD-case-study-FINAL.pdf
https://doi.org/10.1016/j.envsoft.2013.12.018
https://doi.org/10.3390/rs13244972
http://dx.doi.org/10.1016/j.marpolbul.2016.01.033
https://waycarbon.com/blog/the-social-cost-of-carbon/#:~:text=Despite%20limitations%20associated%20with%20the,to%20their%20cost%2Dbenefit%20ratio
https://waycarbon.com/blog/the-social-cost-of-carbon/#:~:text=Despite%20limitations%20associated%20with%20the,to%20their%20cost%2Dbenefit%20ratio
https://waycarbon.com/blog/the-social-cost-of-carbon/#:~:text=Despite%20limitations%20associated%20with%20the,to%20their%20cost%2Dbenefit%20ratio
https://doi.org/10.1007/s10640-010-9418-x
https://doi.org/10.1007/s10640-010-9418-x
https://catalog.ipbes.net/system/assessment/1/references/files/438/original/Ch22EconomicValues.pdf?1417604859
https://catalog.ipbes.net/system/assessment/1/references/files/438/original/Ch22EconomicValues.pdf?1417604859
https://aries.integratedmodelling.org/
https://doi.org/10.1371/journal.pone.0202268


41 
 

BMU (German Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety). nd. Counting on Nature’s Benefits - ValuES: Methods for integrating ecosystem 
services into policy, planning, and practice. Accessed [2025 Nov. 25]. URL: 
https://www.aboutvalues.net/ 

Brander, L.M., van Beukering P., Balzan, M., Broekx, S., Liekens, I., Marta-Pedroso, C., 
Szkop, Z., Vause, J., Maes, J., Santos-Martin F. and Potschin-Young M. 2018. Report on 
economic mapping and assessment methods for ecosystem services. Deliverable D3.2 EU 
Horizon 2020 ESMERALDA Project, Grant agreement No. 642007. Accessed [2025 Oct. 15]. 
URL: https://research.vu.nl/en/publications/report-on-economic-mapping-and-
assessment-methods-for-ecosystem-s 

Brander, L.M., De Groot, R., Schägner, J.P., Guisado-Goñi, V., Van't Hoff, V., Solomonides, 
S., McVittie, A., Eppink, F., Sposato, M., Do, L. and Ghermandi, A. 2024. Economic values 
for ecosystem services: A global synthesis and way forward. Ecosystem Services, 66, 
p.101606. DOI: https://doi.org/10.1016/j.ecoser.2024.101606 

Brondízio, E.S., Gatzweiler, F.W., Zografos, C., and Kumar, M. 2010. Socio-cultural context 
of ecosystem and biodiversity valuation. In P. Kumar (Ed.): The Economics of Ecosystems 
and Biodiversity (TEEB) - Ecological and Economic Foundations, Earthscan, London. pp. 
150-181. Accessed [2025 Sept. 29]. URL: 
https://www.academia.edu/download/42818960/Socio-
cultural_context_of_ecosystem_and_20160218-21257-6psuze.pdf 

Brown, G. and Fagerholm, N. 2015. Empirical PPGIS/PGIS mapping of ecosystem services: 
A review and evaluation. Ecosystem services, 13, pp.119-133. DOI: 
http://dx.doi.org/10.1016/j.ecoser.2014.10.007 

Bullock, J.M., Jefferson, R.J., Blackstock, T.H., Pakeman, R.J., Emmett, B.A., Pywell, R.J., 
Grime, J.P. and Silvertown, J. 2011. Semi-natural Grasslands. In: The UK National 
Ecosystem Assessment Technical Report. UK National Ecosystem Assessment, UNEP-
WCMC, Cambridge. Accessed [2025 Nov. 6]. URL: 
https://catalog.ipbes.net/system/assessment/1/references/files/422/original/Ch6SemiNat
uralGrasslands.pdf?1417604856 

Carothers, C., Brown, C., Moerlein, K.J., López, J.A., Andersen, D.B. and Retherford, B. 
2014. Measuring perceptions of climate change in northern Alaska: pairing ethnography 
with cultural consensus analysis. Ecology and Society, 19(4). DOI: 
http://dx.doi.org/10.5751/ES-06913-190427 

Cegan, J.C., Filion, A.M., Keisler, J.M. and Linkov, I., 2017. Trends and applications of multi-
criteria decision analysis in environmental sciences: literature review. Environment 

https://www.aboutvalues.net/
https://research.vu.nl/en/publications/report-on-economic-mapping-and-assessment-methods-for-ecosystem-s
https://research.vu.nl/en/publications/report-on-economic-mapping-and-assessment-methods-for-ecosystem-s
https://doi.org/10.1016/j.ecoser.2024.101606
https://www.academia.edu/download/42818960/Socio-cultural_context_of_ecosystem_and_20160218-21257-6psuze.pdf
https://www.academia.edu/download/42818960/Socio-cultural_context_of_ecosystem_and_20160218-21257-6psuze.pdf
http://dx.doi.org/10.1016/j.ecoser.2014.10.007
https://catalog.ipbes.net/system/assessment/1/references/files/422/original/Ch6SemiNaturalGrasslands.pdf?1417604856
https://catalog.ipbes.net/system/assessment/1/references/files/422/original/Ch6SemiNaturalGrasslands.pdf?1417604856
http://dx.doi.org/10.5751/ES-06913-190427


42 
 

Systems and Decisions, 37(2), pp.123-133. DOI: https://doi.org/10.1007/s10669-017-9642-
9 

Chan, K.M., Balvanera, P., Benessaiah, K., Chapman, M., Díaz, S., Gómez-Baggethun, E., 
Gould, R., Hannahs, N., Jax, K., Klain, S. and Luck, G.W. 2016. Why protect nature? 
Rethinking values and the environment. Proceedings of the national academy of 
sciences, 113(6), pp.1462-1465. DOI: https://doi.org/10.1073/pnas.1525002113 

Chan, K.M. and Satterfield, T. 2020. The maturation of ecosystem services: Social and 
policy research expands, but whither biophysically informed valuation? People and 
Nature, 2(4): 1021-1060. DOI: https://doi.org/10.1002/pan3.10137 

Chan, K.M., Satterfield, T. and Goldstein, J., 2012. Rethinking ecosystem services to better 
address and navigate cultural values. Ecological economics, 74, pp.8-18. DOI: 
https://doi.org/10.1016/j.ecolecon.2011.11.011 

Chaplin-Kramer, R., Polasky, S., Alkemade, R., Burgess, N.D., Cheung, W.W., Fetzer, I., 
Harfoot, M., Hertel, T.W., Hill, S.L., Johnson, J.A. and Janse, J.H. 2024. Integrated modeling 
of nature’s role in human well-being: A research agenda. Global Environmental Change, 88, 
p.102891. DOI: https://doi.org/10.1016/j.gloenvcha.2024.102891 

Chase, J.M., Blowes, S.A., Knight, T.M., Gerstner, K. and May, F. 2020. Ecosystem decay 
exacerbates biodiversity loss with habitat loss. Nature, 584(7820), pp.238-243. 
DOI: https://doi.org/10.1038/s41586-020-2531-2 

Cho, S.H., Kim, S.G., Roberts, R.K. and Jung, S. 2009. Amenity values of spatial 
configurations of forest landscapes over space and time in the Southern Appalachian 
Highlands. Ecological Economics, 68(10), pp.2646-2657. DOI: 
https://doi.org/10.1016/j.ecolecon.2009.04.017 

Christie, M., Hyde, T., Cooper, R. Fazey, I., Dennis, P., Warren, J., Colombo S. and Hanley, N. 
2011. Economic Valuation of the Benefits of Ecosystem Services delivered by the UK 
Biodiversity Action Plan. Final report to the UK Department for Environment, Food and 
Rural Affairs (Defra). Accessed [2025 Nov. 28]. URL: 
https://users.aber.ac.uk/mec/Publications/Reports/Value%20UK%20BAP%20FINAL%20pu
blished%20report%20v2.pdf 

Costanza, R., d'Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., 
Naeem, S., O'neill, R.V., Paruelo, J. and Raskin, R.G. 1997. The value of the world's 
ecosystem services and natural capital. nature, 387(6630), pp.253-260. Accessed [2025 
Nov. 17]. URL: https://mro.massey.ac.nz/server/api/core/bitstreams/a0824244-9123-4339-
a47f-629b41c3ab62/content 

https://doi.org/10.1007/s10669-017-9642-9
https://doi.org/10.1007/s10669-017-9642-9
https://doi.org/10.1073/pnas.1525002113
https://doi.org/10.1002/pan3.10137
https://doi.org/10.1016/j.ecolecon.2011.11.011
https://doi.org/10.1016/j.gloenvcha.2024.102891
https://doi.org/10.1038/s41586-020-2531-2
https://doi.org/10.1016/j.ecolecon.2009.04.017
https://users.aber.ac.uk/mec/Publications/Reports/Value%20UK%20BAP%20FINAL%20published%20report%20v2.pdf
https://users.aber.ac.uk/mec/Publications/Reports/Value%20UK%20BAP%20FINAL%20published%20report%20v2.pdf
https://mro.massey.ac.nz/server/api/core/bitstreams/a0824244-9123-4339-a47f-629b41c3ab62/content
https://mro.massey.ac.nz/server/api/core/bitstreams/a0824244-9123-4339-a47f-629b41c3ab62/content


43 
 

Costanza, R., d’Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., 
Naeem, S., O’Neill, R.V., Paruelo, J. and Raskin, R.G. 1998. The value of ecosystem 
services: putting the issues in perspective. Ecological economics, 25(1), pp.67-72. DOI: 
https://doi.org/10.1016/S0921-8009(98)00019-6 

Costanza, R., Wilson, M.A., Troy, A., Voinov, A., Liu, S. and D'Agostino, J. 2006. The value of 
New Jersey's ecosystem services and natural capital. New Jersey Department of 
Environmental Protection. Accessed [2025 Nov. 15]. URL: 
https://pdxscholar.library.pdx.edu/cgi/viewcontent.cgi?article=1014&context=iss_pub 

Credit Valley Conservation, Toronto and Region Conservation, and Lake Simcoe Region 
Conservation Authority (CVC, TRCA, and LSRCA). 2022. Natural Asset Carbon Assessment 
Guide and Toolbox (NACAGT). 52 pp. Accessed [2025 Nov. 21]. URL: https://trcaca.s3.ca-
central-1.amazonaws.com/app/uploads/2023/10/16123913/Natural-Asset-Carbon-
Assessment-Guide-and-Toolbox.pdf 

Daily, G.C., Soderqvist, T., Aniyar, S., Arrow, K., Dasgupta P., et al. 2000. The value of nature 
and the nature of value. Science, 289: 395–396. DOI: 
https://www.science.org/doi/10.1126/science.289.5478.395 

Dasgupta, P. 2021. The Economics of Biodiversity: The Dasgupta Review. Full Report. 610 
pages. (London: HM Treasury). Accessed [2025 Nov. 20]. URL: 
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-
the-dasgupta-review 

Daw, T.I.M., Brown, K., Rosendo, S. and Pomeroy, R. 2011. Applying the ecosystem services 
concept to poverty alleviation: the need to disaggregate human well-being. Environmental 
Conservation, 38(4), pp.370-379. DOI: https://doi.org/10.1017/S0376892911000506 

De Groot, R., Brander, L., Van Der Ploeg, S., Costanza, R., Bernard, F., Braat, L., Christie, M., 
Crossman, N., Ghermandi, A., Hein, L. and Hussain, S. 2012. Global estimates of the value 
of ecosystems and their services in monetary units. Ecosystem services, 1(1), pp.50-61. 
DOI: https://doi.org/10.1016/j.ecoser.2012.07.005 

De Groot, R., Moolenaar, S. van Weelden, M., Konovska, I., de Vente, J. 2018. The ESP 
Guidelines in a Nutshell. FSD Working Paper 2018-09 (29 pp). Foundation for Sustainable 
development, Wageningen, The Netherlands. Accessed [2025 Nov. 25]. URL: 
https://www.es-partnership.org/wp-content/uploads/2018/10/The-ESP-Guidelines-in-a-
Nutshell-Sept-2018.pdf 

De Witt, M.P. and Blignaut, J.N., 2006. Using monetary valuation results with specific 
reference to grasslands in South Africa. Report prepared for SANBI as part of the project 

https://doi.org/10.1016/S0921-8009(98)00019-6
https://pdxscholar.library.pdx.edu/cgi/viewcontent.cgi?article=1014&context=iss_pub
https://trcaca.s3.ca-central-1.amazonaws.com/app/uploads/2023/10/16123913/Natural-Asset-Carbon-Assessment-Guide-and-Toolbox.pdf
https://trcaca.s3.ca-central-1.amazonaws.com/app/uploads/2023/10/16123913/Natural-Asset-Carbon-Assessment-Guide-and-Toolbox.pdf
https://trcaca.s3.ca-central-1.amazonaws.com/app/uploads/2023/10/16123913/Natural-Asset-Carbon-Assessment-Guide-and-Toolbox.pdf
https://www.science.org/doi/10.1126/science.289.5478.395
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-the-dasgupta-review
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-the-dasgupta-review
https://doi.org/10.1017/S0376892911000506
https://doi.org/10.1016/j.ecoser.2012.07.005
https://www.es-partnership.org/wp-content/uploads/2018/10/The-ESP-Guidelines-in-a-Nutshell-Sept-2018.pdf
https://www.es-partnership.org/wp-content/uploads/2018/10/The-ESP-Guidelines-in-a-Nutshell-Sept-2018.pdf


44 
 

“Making the case for the value of ecosystem goods and services provided by the Grassland 
Biome”. Report No. SO6002. De Witt Sustainable Options (Pty) Ltd. Accessed [2025 Nov. 
15]. URL: 
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-
De-
Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_t
o_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-
valuation-results-with-specific-reference-to-grasslands-in-South-
Africa.pdf&hl=en&sa=T&oi=gsb-
ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=A
BGrvjJJbe-u9gsKXwqgEuF-Jfka 

Deane, D.C. and Riva, F. 2025. Time and matrix quality increase the relative habitat value of 
smaller patches in fragmented landscapes. Journal of Applied Ecology, 62(4), pp.958-969. 
DOI: https://doi.org/10.1111/1365-2664.14884 

DeLoyde, C.N. and Mabee, W.E. 2023. Ecosystem service values as an ecological indicator 
for land management decisions: A case study in southern Ontario, Canada. Ecological 
Indicators, 151, p.110344. DOI: https://doi.org/10.1016/j.ecolind.2023.110344 

Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., ... & Zlatanova, D. 2015. 
The IPBES Conceptual Framework—connecting nature and people. Current opinion in 
environmental sustainability, 14, 1-16. DOI: https://doi.org/10.1016/j.cosust.2014.11.002. 

Díaz, S., Pascual, U., Stenseke, M., Martín-López, B., Watson, R.T., Molnár, Z., Hill, R., Chan, 
K.M.A., Baste, I.A., Brauman, K.A., Polasky, S., Church, A., Lonsdale, M., Larigauderie, A., 
Leadley, P.W., van Oudenhoven, A.P.E., van der Plaat, F., Schröter, M., Lavorel, S., 
Aumeeruddy-Thomas, Y., Bukvareva, E., Davies, K., Demissew, S., Erpul, G., Failler, P., 
Guerra, C.A., Hewitt, C.L., Keune, H., Lindley, S., and Shirayama, Y. 2018. Assessing 
nature’s contributions to people. Science 359, 270–272. DOI: 
https://doi.org/10.1126/science.aap8826. 

Dodds, W.K., Wilson, K.C., Rehmeier, R.L., Knight, G.L., Wiggam, S., Falke, J.A., Dalgleish, 
H.J. and Bertrand, K.N. 2008. Comparing ecosystem goods and services provided by 
restored and native lands. BioScience, 58(9), pp.837-845. DOI: 
https://doi.org/10.1641/B580909 

Durham E., Baker H., Smith M., Moore E. & Morgan V. 2014. The BiodivERsA Stakeholder 
Engagement Handbook. BiodivERsA, Paris. 108 pp. Accessed [2025 Dec. 3]. URL: 
https://www.biodiversa.eu/wp-content/uploads/2022/12/stakeholder-engagement-
handbook.pdf 

https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://scholar.google.com/scholar_url?url=https://www.researchgate.net/profile/Martin-De-Wit/publication/284723930_Using_monetary_valuation_results_with_specific_reference_to_grasslands_in_South_Africa/links/5657b1af08ae1ef9297bf245/Using-monetary-valuation-results-with-specific-reference-to-grasslands-in-South-Africa.pdf&hl=en&sa=T&oi=gsb-ggp&ct=res&cd=0&d=4036802270409096744&ei=ZzwZafWBH6qy6rQP25yKyQw&scisig=ABGrvjJJbe-u9gsKXwqgEuF-Jfka
https://doi.org/10.1111/1365-2664.14884
https://doi.org/10.1016/j.ecolind.2023.110344
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1641/B580909
https://www.biodiversa.eu/wp-content/uploads/2022/12/stakeholder-engagement-handbook.pdf
https://www.biodiversa.eu/wp-content/uploads/2022/12/stakeholder-engagement-handbook.pdf


45 
 

Ecosystem Services Partnership (ESP). 2025. ESP. Accessed [2025 Nov. 25]. URL: 
https://www.es-partnership.org/ 

ÉcoRessources Consultants. 2013. A benefit transfer tool for valuing nature’s benefits to 
society from ALUS farmlands. For Delta Waterfowl Foundation. Accessed [2025 Nov. 28]. 
URL: https://alus.ca/wp-content/uploads/2024/09/ALUS-Benefit-Transfer-Tool-
EcoRessources.pdf 

Environment and Climate Change Canada. 2025. Environmental indicators. Accessed 
[2025 Nov. 26]. URL: https://www.canada.ca/en/environment-climate-
change/services/environmental-indicators.html 

Ferraro, P.J., Hanauer, M.M., Miteva, D.A., Nelson, J.L., Pattanayak, S.K., Nolte, C. and Sims, 
K.R. 2015. Estimating the impacts of conservation on ecosystem services and poverty by 
integrating modeling and evaluation. Proceedings of the National Academy of 
Sciences, 112(24), pp.7420-7425. DOI: https://doi.org/10.1073/pnas.1406487112 

Fontana, V., Ebner, M., Schirpke, U., Ohndorf, M., Pritsch, H., Tappeiner, U. and Kurmayer, 
R. 2023. An integrative approach to evaluate ecosystem services of mountain lakes using 
multi-criteria decision analysis. Ecological Economics, 204, p.107678. DOI: 
https://doi.org/10.1016/j.ecolecon.2022.107678 

Freeman Iii, A.M., Herriges, J.A. and Kling, C.L., 2014. The measurement of environmental 
and resource values: theory and methods. 3rd ed. RFF Press – Rootledge, New York. 
Accessed [2025 Oct. 30]. URL: http://econdse.org/wp-content/uploads/2016/07/Freeman-
Herriges-Kling-2014.pdf 

Oliveira Fiorini, A.C., Rua Rodriguez Rochedo, P., Angelkorte, G., Diuana, F.A., Império, M., 
Silva Carvalho, L., Nogueira Morais, T., Vasquez-Arroyo, E. and Schaeffer, R. 2023. 
Investigating biodiversity trends in different mitigation scenarios with a national integrated 
assessment model. Journal of Integrative Environmental Sciences, 20(1), p.2239323. DOI: 
https://doi.org/10.1080/1943815X.2023.2239323 

Ghermandi, A., Langemeyer, J., Van Berkel, D., Calcagni, F., Depietri, Y., Vigl, L.E., Fox, N., 
Havinga, I., Jäger, H., Kaiser, N. and Karasov, O. 2023. Social media data for environmental 
sustainability: A critical review of opportunities, threats, and ethical use. One Earth, 6(3), 
pp.236-250. DOI: https://doi.org/10.1016/j.oneear.2023.02.008 

Gómez-Baggethun, E., and Ruiz-Pérez, M. 2011. Economic valuation and the 
commodification of ecosystem services. Progress in Physical Geography: Earth and 
Environment, 35: 613-628. https://doi.org/10.1177/0309133311421708 

https://www.es-partnership.org/
https://alus.ca/wp-content/uploads/2024/09/ALUS-Benefit-Transfer-Tool-EcoRessources.pdf
https://alus.ca/wp-content/uploads/2024/09/ALUS-Benefit-Transfer-Tool-EcoRessources.pdf
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators.html
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators.html
https://doi.org/10.1073/pnas.1406487112
https://doi.org/10.1016/j.ecolecon.2022.107678
http://econdse.org/wp-content/uploads/2016/07/Freeman-Herriges-Kling-2014.pdf
http://econdse.org/wp-content/uploads/2016/07/Freeman-Herriges-Kling-2014.pdf
https://doi.org/10.1080/1943815X.2023.2239323
https://doi.org/10.1016/j.oneear.2023.02.008
https://doi.org/10.1177/0309133311421708


46 
 

Gould, R.K., Soares, T.M., Arias-Arévalo, P., Cantú-Fernandez, M., Baker, D., Eyster, H.N., 
Kwon, R., Prox, L., Rode, J., Suarez, A. and Vatn, A. 2023. The role of value (s) in theories of 
human behavior. Current Opinion in Environmental Sustainability, 64, p.101355. DOI: 
https://doi.org/10.1016/j.cosust.2023.101355 

Guest G., Namey E.E., and Mitchell M.L. 2013. Collecting qualitative data: A field manual 
for applied research. Chapter 3 – Participant Observation. SAGE Publications, Ltd. 
Thousand Oaks, California. DOI: https://doi.org/10.4135/9781506374680. Chap. 3: 
Accessed [2025 Oct. 22]. URL: https://us.sagepub.com/sites/default/files/upm-
binaries/48454_ch_3.pdf 

Haacker, E.M., Sharda, V., Cano, A.M., Hrozencik, R.A., Núñez, A., Zambreski, Z., Nozari, S., 
Smith, G.E.B., Moore, L., Sharma, S. and Gowda, P. 2019. Transition pathways to 
sustainable agricultural water management: a review of integrated modeling 
approaches. JAWRA Journal of the American Water Resources Association, 55(1), pp.6-23. 
DOI: https://doi.org/10.1111/1752-1688.12722 

Hamilton, K. and Hepburn, C. eds. 2017. National wealth: What is missing, why it matters. 
Oxford University Press. 

Hamilton, S.H., ElSawah, S., Guillaume, J.H., Jakeman, A.J. and Pierce, S.A., 2015. 
Integrated assessment and modelling: overview and synthesis of salient 
dimensions. Environmental Modelling & Software, 64, pp.215-229. DOI: 
http://dx.doi.org/10.1016/j.envsoft.2014.12.005 

Han, L., Wang, Z., Wei, M., Wang, M., Shi, H., Ruckstuhl, K., Yang, W. and Alves, J. 2022. 
Small patches play a critical role in the connectivity of the Western Tianshan landscape, 
Xinjiang, China. Ecological indicators, 144, p.109542. DOI: 
https://doi.org/10.1016/j.ecolind.2022.109542 

Hanley, N., Breeze, T.D., Ellis, C. and Goulson, D. 2015. Measuring the economic value of 
pollination services: Principles, evidence and knowledge gaps. Ecosystem services, 14, 
pp.124-132. DOI: https://doi.org/10.1016/j.ecoser.2014.09.013 

Harfoot, M., Tittensor, D.P., Newbold, T., McInerny, G., Smith, M.J. and Scharlemann, J.P. 
2014. Integrated assessment models for ecologists: the present and the future. Global 
Ecology and Biogeography, 23(2), pp.124-143. DOI: https://doi.org/10.1111/geb.12100 

Harrison, P.A., Dunford, R., Barton, D.N., Kelemen, E., Martín-López, B., Norton, L., 
Termansen, M., Saarikoski, H., Hendriks, K., Gómez-Baggethun, E. and Czúcz, B. 2018. 
Selecting methods for ecosystem service assessment: A decision tree 

https://doi.org/10.1016/j.cosust.2023.101355
https://doi.org/10.4135/9781506374680
https://us.sagepub.com/sites/default/files/upm-binaries/48454_ch_3.pdf
https://us.sagepub.com/sites/default/files/upm-binaries/48454_ch_3.pdf
https://doi.org/10.1111/1752-1688.12722
http://dx.doi.org/10.1016/j.envsoft.2014.12.005
https://doi.org/10.1016/j.ecolind.2022.109542
https://doi.org/10.1016/j.ecoser.2014.09.013
https://doi.org/10.1111/geb.12100


47 
 

approach. Ecosystem services, 29, pp.481-498. DOI: 
https://doi.org/10.1016/j.ecoser.2017.09.016 

Henderson, A.E. and Davis, S.K. 2014. Rangeland health assessment: a useful tool for 
linking range management and grassland bird conservation? Rangeland Ecology & 
Management, 67(1), pp.88-98. DOI: https://doi.org/10.2111/REM-D-12-00140.1 

Herrera, L.P., Sabatino, M.C., Jaimes, F.R. and Saura, S. 2017. Landscape connectivity and 
the role of small habitat patches as stepping stones: an assessment of the grassland 
biome in South America. Biodiversity and conservation, 26(14), pp.3465-3479. DOI: 
https://doi.org/10.1007/s10531-017-1416-7 

Hilton, T., Smit, J.B., Jones, T., Mwalugelo, J., Lim, K., Seidl, A., Jones, K.W., Bruyere, B. and 
Salerno, J. 2024. Cost–benefit analysis as a decision tool for effective conservation 
planning—The case of the Nyerere Selous‐Udzungwa wildlife corridor in 
Tanzania. Conservation Science and Practice, 6(12), p.e13273. DOI: 
https://doi.org/10.1111/csp2.13273 

Howard, J.L., 1997, October. An estimation of opportunity cost for sustainable ecosystems. 
In Proceedings of the XI world forestry congress. Ministry of Forestry, Turkey. Accessed 
[2025 Dec. 2]. URL: https://www.fpl.fs.usda.gov/documnts/pdf1997/howar97a.pdf 

Hufnagel, L., Mics, F, and Homoródi, R. 2018. Introductory Chapter: Evaluation Methods of 
Ecosystem Services and Their Scientific and Societal Importance in Service of Solving the 
Global Problems of the Humankind. In: Hufnagel, L. ed. Ecosystem services and global 
ecology. IntecOpen. URL: https://www.intechopen.com/chapters/62933. DOI: 
https://doi.org/10.5772/intechopen.80227 

Institute for Sustainable Finance (ISF). 2024. The Wealth of Wetlands Measuring the 
Economic Value of Two Critical Ecosystem Services in Canada. Accessed [2025 Nov. 21]. 
URL: https://smith.queensu.ca/centres/isf/pdfs/projects/report-wetlands.pdf 

IPBES. 2012. Resolution on the Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services. Accessed [2025 Sept. 24]. URL: 
https://www.ipbes.net/sites/default/files/downloads/Resolution%20establishing%20IPBE
S_2012.pdf 

IPBES. 2018. Summary for policymakers of the regional assessment report on biodiversity 
and ecosystem services for the Americas of the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services. J. Rice, C.S. Seixas, M.E. Zaccagnini, M. 
BedoyaGaitán, N. Valderrama, C.B. Anderson, M.T.K. Arroyo, M. Bustamante, J. Cavender-
Bares, A. Diaz-de-Leon, S. Fennessy, J. R. García Márquez, K. Garcia, E.H. Helmer, B. 

https://doi.org/10.1016/j.ecoser.2017.09.016
https://doi.org/10.2111/REM-D-12-00140.1
https://doi.org/10.1007/s10531-017-1416-7
https://doi.org/10.1111/csp2.13273
https://www.fpl.fs.usda.gov/documnts/pdf1997/howar97a.pdf
https://www.intechopen.com/chapters/62933
https://doi.org/10.5772/intechopen.80227
https://smith.queensu.ca/centres/isf/pdfs/projects/report-wetlands.pdf
https://www.ipbes.net/sites/default/files/downloads/Resolution%20establishing%20IPBES_2012.pdf
https://www.ipbes.net/sites/default/files/downloads/Resolution%20establishing%20IPBES_2012.pdf


48 
 

Herrera, B. Klatt, J.P. Ometo, V. Rodríguez Osuna, F.R. Scarano, S. Schill and J. S. Farinaci 
(eds.). IPBES secretariat, Bonn, Germany. 41 pages. Accessed [2025 Nov. 24]. URL: 
https://files.ipbes.net/ipbes-web-prod-public-files/spm_americas_2018_digital.pdf 

IPBES. 2019. Global Assessment Report on Biodiversity and Ecosystem Services of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. 
Brondizio, E.S., Settele, J., Díaz, S., and Ngo,H.T. (eds). IPBES secretariat, Bonn, Germany. 
DOI: https://doi.org/10.5281/zenodo.3831674 

IPBES. 2022a. Methodological Assessment Report on the Diverse Values and Valuation of 
Nature of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services. Balvanera P., Pascual U., Christie M., Baptiste B., González-Jiménez D.(eds.). 
IPBES secretariat, Bonn, Germany. DOI: https://doi.org/10.5281/zenodo.6522522 

IPBES. 2022b. Summary for Policymakers of the Methodological Assessment Report on the 
Diverse Values and Valuation of Nature of the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services. Pascual, U., Balvanera, P., Christie, M., Baptiste, 
B., González-Jiménez, D., Anderson, C.B., Athayde, S., Barton, D.N., Chaplin-Kramer, R., 
Jacobs, S., Kelemen, E., Kumar, R., Lazos, E., Martin, A., Mwampamba, T.H., Nakangu, B., 
O'Farrell, P., Raymond, C.M., Subramanian, S.M., Termansen, M., Van Noordwijk, M., and 
Vatn, A. (eds.). IPBES secretariat, Bonn, Germany. DOI: 
https://doi.org/10.5281/zenodo.6522392 

IPBES. 2022c. IPBES Assessment of the diverse values and valuation of nature - Tables 
presented in Chapter 3 (Version 01) [Data set]. Zenodo. 
DOI: https://doi.org/10.5281/zenodo.7101722 

IUCN. Nd. About IUCN. Accessed [2025 Nov. 27]. URL: https://iucn.org/about-iucn 

Jax, K., Barton, D.N., Chan, K.M., De Groot, R., Doyle, U., Eser, U., Görg, C., Gómez-
Baggethun, E., Griewald, Y., Haber, W. and Haines-Young, R. 2013. Ecosystem services and 
ethics. Ecological economics, 93: 260-268. DOI: 
https://doi.org/10.1016/j.ecolecon.2013.06.008 

Jerneck, A. and Olsson, L. 2013. More than trees! Understanding the agroforestry adoption 
gap in subsistence agriculture: Insights from narrative walks in Kenya. Journal of Rural 
Studies, 32, pp.114-125. DOI: https://doi.org/10.1016/j.jrurstud.2013.04.004 

Ji Y, Keiser D.A., Kling C.L., Phaneuf D.J. 2022. Revenue and distributional consequences of 
alternative outdoor recreation pricing mechanisms: evidence from a micropanel data set. 
Land Econ.  8(3):478–94 DOI: https://doi.org/10.3368/le.98.3.090721-0107 

https://files.ipbes.net/ipbes-web-prod-public-files/spm_americas_2018_digital.pdf
https://doi.org/10.5281/zenodo.3831674
https://doi.org/10.5281/zenodo.6522522
https://doi.org/10.5281/zenodo.6522392
https://doi.org/10.5281/zenodo.7101722
https://iucn.org/about-iucn
https://doi.org/10.1016/j.ecolecon.2013.06.008
https://doi.org/10.1016/j.jrurstud.2013.04.004
https://doi.org/10.3368/le.98.3.090721-0107


49 
 

Kaartinen, R., Hardwick, B. and Roslin, T. 2013. Using citizen scientists to measure an 
ecosystem service nationwide. Ecology, 94(11), pp.2645-2652. DOI: 
https://doi.org/10.1890/12-1165.1 

Keeler, B.L., Wood, S.A., Polasky, S., Kling, C., Filstrup, C.T. and Downing, J.A. 2015. 
Recreational demand for clean water: evidence from geotagged photographs by visitors to 
lakes. Frontiers in Ecology and the Environment, 13(2), pp.76-81. DOI: 
https://doi.org/10.1890/140124 

King, D.M. and M.J. Mazzotta. 2000. Ecosystem Valuation (web site). Accessed [2025 Sept. 
15]. URL: https://www.ecosystemvaluation.org/ 

Kornek, U., Klenert, D., Edenhofer, O. and Fleurbaey, M. 2021. The social cost of carbon and 
inequality: When local redistribution shapes global carbon prices. Journal of Environmental 
Economics and Management, 107, p.102450. DOI: 
https://doi.org/10.1016/j.jeem.2021.102450 

Külling, N., Adde, A., Lambiel, A., Wicki, S., Guisan, A., Grêt-Regamey, A. and Lehmann, A. 
2024. Nature’s contributions to people and biodiversity mapping in switzerland: Spatial 
patterns and environmental drivers. Ecological Indicators, 163, p.112079. DOI: 
https://doi.org/10.1016/j.ecolind.2024.112079 

Leach, K., Grigg, A., O'Connor, B., Brown, C., Vause, J., Gheyssens, J., Weatherdon, L., 
Halle, M., Burgess, N.D., Fletcher, R. and Bekker, S. 2019. A common framework of natural 
capital assets for use in public and private sector decision making. Ecosystem 
Services, 36, p.100899. DOI: https://doi.org/10.1016/j.ecoser.2019.100899 

Leeworthy, V.R., Schwarzmann, D., Hughes, S., Vaughn, J., Dato, C., and Padilla, G. (2018) 
Economic Contribution of Reef Using Visitor Spending to the Puerto Rican Economy. Silver 
Spring, MD: Office of National Marine Sanctuaries. National Oceanic and Atmospheric 
Administration. Accessed [2025 Oct. 20]. URL: 
https://www.ncei.noaa.gov/data/oceans/coris/library/NOAA/CRCP/NOS/ONMS/Other/pr_e
cosystem_valuation/Economic_Contributions_accessible.pdf 

Li, Y., Abu Bakar, N.A., Ismail, N.A., Mohd Ariffin, N.F. and Mundher, R. 2024. Stakeholder 
involvement and preferences in landscape protection decision-making: A systematic 
literature review. Frontiers in Communication, 9, p.1340026. DOI: 
https://doi.org/10.3389/fcomm.2024.1340026 

Ma, S., Smailes, M., Zheng, H. and Robinson, B.E. 2019. Who is vulnerable to ecosystem 
service change? Reconciling locally disaggregated ecosystem service supply and 

https://doi.org/10.1890/12-1165.1
https://doi.org/10.1890/140124
https://www.ecosystemvaluation.org/
https://doi.org/10.1016/j.jeem.2021.102450
https://doi.org/10.1016/j.ecolind.2024.112079
https://doi.org/10.1016/j.ecoser.2019.100899
https://www.ncei.noaa.gov/data/oceans/coris/library/NOAA/CRCP/NOS/ONMS/Other/pr_ecosystem_valuation/Economic_Contributions_accessible.pdf
https://www.ncei.noaa.gov/data/oceans/coris/library/NOAA/CRCP/NOS/ONMS/Other/pr_ecosystem_valuation/Economic_Contributions_accessible.pdf
https://doi.org/10.3389/fcomm.2024.1340026


50 
 

demand. Ecological economics, 157, pp.312-320. DOI: 
https://doi.org/10.1016/j.ecolecon.2018.11.026 

Mace, G.M., Hails, R.S., Cryle, P., Harlow, J. and Clarke, S.J., 2015. Towards a risk register 
for natural capital. Journal of Applied Ecology, 52(3), pp.641-653. DOI: 
https://doi.org/10.1111/1365-2664.12431 

Maechler, S. and Boisvert, V. 2024. Valuing nature to save it? The centrality of valuation in 
the new spirit of conservation. Global Environmental Politics, 24(1), pp.10-30. DOI: 
https://doi.org/10.1162/glep_a_00734 

Markanday, A., Galarraga, I. and Markandya, A., 2019. A critical review of cost-benefit 
analysis for climate change adaptation in cities. Climate Change Economics, 10(04), 
p.1950014. DOI: https://doi.org/10.1142/S2010007819500143 

Mavrommati, G., Borsuk, M.E. and Howarth, R.B. 2017. A novel deliberative multicriteria 
evaluation approach to ecosystem service valuation. Ecology and Society, 22(2). DOI: 
https://doi.org/10.5751/ES-09105-220239 

Millennium Ecosystem Assessment (MA). 2005a. Ecosystems and Human Well-being: 
Synthesis. Island Press, Washington, DC. Accessed [2025 Oct. 3]. URL: 
https://www.millenniumassessment.org/documents/document.356.aspx.pdf 

Millennium Ecosystem Assessment (MA). 2005b. Living Beyond Our Means: Natural Assets 
and Human Well-being. Statement from the Board. Accessed [2025 Nov. 5]. URL: 
https://www.millenniumassessment.org/documents/document.429.aspx.pdf 

Mulrooney, D. and Jones, B. 2023. The value of natural capital in Canada’s national parks 
and national marine conservation areas. Parks (29.2): 41-51.  Accessed [2025 Nov. 24]. 
URL: https://parksjournal.com/wp-content/uploads/2023/12/10.2305-EKNN8645-
Mulrooney.pdf 

Muradian, R. and Gómez-Baggethun, E. 2021. Beyond ecosystem services and nature's 
contributions: Is it time to leave utilitarian environmentalism behind?. Ecological 
economics, 185, p.107038. DOI: https://doi.org/10.1016/j.ecolecon.2021.107038 

NatCap. Nd. Stanford-Natural Capital Project. Accessed [2025 Nov. 26]. URL: 
https://naturalcapitalproject.stanford.edu/ 

National Research Council. 2005. Valuing ecosystem services: toward better 
environmental decision-making. National Academies Press. Washington, DC. 290 pp.  

Natural Capital Coalition. 2016. Natural capital protocol. Accessed [2025 Oct. 14]. URL: 
https://capitalscoalition.org/wp-content/uploads/2021/01/NCC_Protocol.pdf 

https://doi.org/10.1016/j.ecolecon.2018.11.026
https://doi.org/10.1111/1365-2664.12431
https://doi.org/10.1162/glep_a_00734
https://doi.org/10.1142/S2010007819500143
https://doi.org/10.5751/ES-09105-220239
https://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://www.millenniumassessment.org/documents/document.429.aspx.pdf
https://parksjournal.com/wp-content/uploads/2023/12/10.2305-EKNN8645-Mulrooney.pdf
https://parksjournal.com/wp-content/uploads/2023/12/10.2305-EKNN8645-Mulrooney.pdf
https://doi.org/10.1016/j.ecolecon.2021.107038
https://naturalcapitalproject.stanford.edu/
https://capitalscoalition.org/wp-content/uploads/2021/01/NCC_Protocol.pdf


51 
 

Natural Capital Project. 2025. InVEST 3.17.1. Stanford University, University of Minnesota, 
Chinese Academy of Sciences, The Nature Conservancy, World Wildlife Fund, Stockholm 
Resilience Centre and the Royal Swedish Academy of Sciences. DOI: 
https://doi.org/10.60793/natcap-invest-3.17.1 

Nature Braid. Nd. Nature Braid - Modelling software to understand your relationship to the 
environment. Accessed [2025 Nov. 27]. URL: https://naturebraid.org/ 

Nature Conservancy Canada (NCC). 2025. Harnessing technology for conservation: A new 
era for Canada’s ecosystems. Accessed [2025 Nov. 26]. URL: 
https://natureconservancy.ca/harnessing-
technology/#:~:text=With%20funding%20from%20RBC%20Foundation,cultural%20values
%20and%20cost%2Deffectiveness. 

NCAVES and MAIA. 2022. Monetary valuation of ecosystem services and ecosystem assets 
for ecosystem accounting: Interim Version 1st edition. United Nations Department of 
Economic and Social Affairs, Statistics Division, New York. Accessed [2025 Nov. 7]. URL: 
https://seea.un.org/sites/seea.un.org/files/techreportvaluationv15_final_21072022.pdf 

Newton, A.C., Hodder, K., Cantarello, E., Perrella, L., Birch, J.C., Robins, J., Douglas, S., 
Moody, C. and Cordingley, J., 2012. Cost–benefit analysis of ecological networks assessed 
through spatial analysis of ecosystem services. Journal of Applied Ecology, 49(3), pp.571-
580. DOI: https://doi.org/10.1111/j.1365-2664.2012.02140.x 

Nicosia, K., Daaram, S., Edelman, B., Gedrich, L., He, E., McNeilly, S., Shenoy, V., 
Velagapudi, A., Wu, W., Zhang, L. and Barvalia, A. 2014. Determining the willingness to pay 
for ecosystem service restoration in a degraded coastal watershed: A ninth-grade 
investigation. Ecological Economics, 104, pp.145-151. DOI: 
https://doi.org/10.1016/j.ecolecon.2014.02.010 

NOAA Office for Coastal Management. 2019. Economic Tools for Coastal Management – 
Measuring the value of ecosystem services (Quick Reference). Accessed [2025 Oct. 15]. 
URL: https://coast.noaa.gov/data/digitalcoast/pdf/measuring-value-ecosystem-
services.pdf 

Nowak, D.J., Maco, S. and Binkley, M. 2018. i-Tree: Global tools to assess tree benefits and 
risks to improve forest management. Arboricultural Consultant. 51 (4): 10-13., 51(4), pp.10-
13. Accessed [2025 Nov. 27]. URL: 
https://www.fs.usda.gov/nrs/pubs/jrnl/2018/nrs_2018_nowak_006.pdf 

https://doi.org/10.60793/natcap-invest-3.17.1
https://naturebraid.org/
https://natureconservancy.ca/harnessing-technology/#:~:text=With%20funding%20from%20RBC%20Foundation,cultural%20values%20and%20cost%2Deffectiveness
https://natureconservancy.ca/harnessing-technology/#:~:text=With%20funding%20from%20RBC%20Foundation,cultural%20values%20and%20cost%2Deffectiveness
https://natureconservancy.ca/harnessing-technology/#:~:text=With%20funding%20from%20RBC%20Foundation,cultural%20values%20and%20cost%2Deffectiveness
https://seea.un.org/sites/seea.un.org/files/techreportvaluationv15_final_21072022.pdf
https://doi.org/10.1111/j.1365-2664.2012.02140.x
https://doi.org/10.1016/j.ecolecon.2014.02.010
https://coast.noaa.gov/data/digitalcoast/pdf/measuring-value-ecosystem-services.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/measuring-value-ecosystem-services.pdf
https://www.fs.usda.gov/nrs/pubs/jrnl/2018/nrs_2018_nowak_006.pdf


52 
 

Nowak-Olejnik, A., Schirpke, U. and Tappeiner, U., 2022. A systematic review on subjective 
well-being benefits associated with cultural ecosystem services. Ecosystem Services, 57, 
p.101467. DOI: https://doi.org/10.1016/j.ecoser.2022.101467 

O2 Planning + Design Inc. (O2). 2017. Connecting Habitats in the Prairies of Alberta: What 
Does This Mean and How Do We Manage for It? Accessed [2025 Nov 1]. URL: 
https://albertapcf.org/rsu_docs/pcf_o2_connectivity_final_20170626a.pdf 

OECD. 2018. Cost-Benefit Analysis and the Environment: Further Developments and Policy 
Use, OECD Publishing, Paris. http://dx.doi.org/10.1787/9789264085169-en 

Olewiler, N. 2004. The Value of Natural Capital in Settled Areas of Canada. Published by 
Ducks Unlimited Canada and the Nature Conservancy of Canada. 36 pp. Accessed [2025 
Nov. 15]. URL: https://www.pcap-sk.org/rsu_docs/documents/the-value-of-natural-
capital-in-settled-areas-of-canada-.pdf 

Oppla. 2025. OpenNESS. Accessed [2025 Nov. 21]. URL: https://oppla.eu/openness 

Otto, C.R., Zheng, H., Hovick, T., van der Burg, M.P. and Geaumont, B. 2022. Grassland 
conservation supports migratory birds and produces economic benefits for the 
commercial beekeeping industry in the US Great Plains. Ecological Economics, 197, 
p.107450. DOI: https://doi.org/10.1016/j.ecolecon.2022.107450 

Ovaskainen, O. and Hanski, I. 2003. How much does an individual habitat fragment 
contribute to metapopulation dynamics and persistence?. Theoretical Population 
Biology, 64(4), pp.481-495. DOI: https://doi.org/10.1016/S0040-5809(03)00102-3 

Palomo, I., Martín-López, B., Potschin, M., Haines-Young, R. and Montes, C. 2013. National 
Parks, buffer zones and surrounding lands: Mapping ecosystem service flows. Ecosystem 
Services, 4, pp.104-116. DOI: https://doi.org/10.1016/j.ecoser.2012.09.001 

Pascual, U., Muradian, R., Brander, L., Gómez-Baggethun, E., Martín-López, B., Verma, M., 
Armsworth, P., Christie, M., Eppink, F., Farley, J., et al. 2010. The economics of valuing 
ecosystem services and biodiversity. In P. Kumar (Ed.): The economics of ecosystems and 
biodiversity: Ecological and economic foundations. Earthscan, London. pp. 183-255. 
Accessed [2025 Sept. 29]. URL: https://www.researchgate.net/profile/Unai-
Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Bi
odiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-
Services-and-Biodiversity.pdf 

Pascual, U., Muradian, R., Brander, L., Gómez-Baggethun, E., Martín-López, B., Verma, M., 
Armsworth, P., Christie, M., Cornelissen, H., Eppink, F. and Farley, J., 2012. The economics 
of valuing ecosystem services and biodiversity. In The economics of ecosystems and 

https://doi.org/10.1016/j.ecoser.2022.101467
https://albertapcf.org/rsu_docs/pcf_o2_connectivity_final_20170626a.pdf
http://dx.doi.org/10.1787/9789264085169-en
https://www.pcap-sk.org/rsu_docs/documents/the-value-of-natural-capital-in-settled-areas-of-canada-.pdf
https://www.pcap-sk.org/rsu_docs/documents/the-value-of-natural-capital-in-settled-areas-of-canada-.pdf
https://oppla.eu/openness
https://doi.org/10.1016/j.ecolecon.2022.107450
https://doi.org/10.1016/S0040-5809(03)00102-3
https://doi.org/10.1016/j.ecoser.2012.09.001
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf


53 
 

biodiversity: Ecological and economic foundations. Pp. 183-256. Routledge. Accessed 
[2025 Dec. 2]. URL: https://www.researchgate.net/profile/Unai-
Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Bi
odiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-
Services-and-Biodiversity.pdf 

Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R.T., 
Dessane, E.B., Islar, M., Kelemen, E. and Maris, V. 2017. Valuing nature’s contributions to 
people: the IPBES approach. Current opinion in environmental sustainability, 26, pp.7-16. 
DOI: https://doi.org/10.1016/j.cosust.2016.12.006 

Pascual, U., Balvanera, P., Anderson, C.B., Chaplin-Kramer, R., Christie, M., González-
Jiménez, D., Martin, A., Raymond, C.M., Termansen, M., Vatn, A. and Athayde, S. 2023. 
Diverse values of nature for sustainability. Nature, 620(7975), pp.813-823. DOI: 
https://doi.org/10.1038/s41586-023-06406-9 

Piñero, E., Marshall, T., Elasaad, H., and Piñero, E. 2023. Lake Winnipeg Basin Water 
Stewardship Pilot Project: On-Farm Application of The Alliance For Water Stewardship 
Standard and Analysis of Potential Impact - EcoMetrics Analysis Summary Report. 
EcoMetrics. Accessed [2025 Nov 29]. URL: https://alus.ca/wp-
content/uploads/2024/09/Ecometrics-Analysis-Summary-Report-Lake-Winnipeg-Basin-
Water-Stewardship-Pilot-Project.pdf 

Prairie Conservation Forum (PCF). 2021. Alberta Prairie Conservation Action Plan: 2021-
2025. Published by the Prairie Conservation Forum, Lethbridge, Alberta. 30 pp. Accessed 
[2025 Nov 1]. URL: https://albertapcf.org/wp-content/uploads/2021/02/PCAP-2021-
web.pdf 

Raguragavan, J., Hailu, A. and Burton, M. 2013. Economic valuation of recreational fishing 
in W estern A ustralia: statewide random utility modelling of fishing site choice 
behaviour. Australian Journal of Agricultural and Resource Economics, 57(4), pp.539-558. 
DOI: https://doi.org/10.1111/1467-8489.12009 

Raven, K., Fent, L., Dyson, I. and Adams, B. 2022. The State of Alberta’s Prairie and 
Parkland: Implications and Opportunities. Published by Prairie Conservation Forum. 
Occasional Paper Number 6, 30 pp. Accessed [2025 Nov. 1]. URL: 
https://albertapcf.org/wp-content/uploads/2022/04/PCAP-2021-web.pdf 

Reid, W. V., Mooney, H. A., Capistrano, D., Carpenter, S. R., Chopra, K., Cropper, A., ... & 
Shidong, Z. 2006. Nature: the many benefits of ecosystem services. Nature, 443: 749. DOI: 
https://doi.org/10.1038/443749a 

https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://doi.org/10.1016/j.cosust.2016.12.006
https://doi.org/10.1038/s41586-023-06406-9
https://alus.ca/wp-content/uploads/2024/09/Ecometrics-Analysis-Summary-Report-Lake-Winnipeg-Basin-Water-Stewardship-Pilot-Project.pdf
https://alus.ca/wp-content/uploads/2024/09/Ecometrics-Analysis-Summary-Report-Lake-Winnipeg-Basin-Water-Stewardship-Pilot-Project.pdf
https://alus.ca/wp-content/uploads/2024/09/Ecometrics-Analysis-Summary-Report-Lake-Winnipeg-Basin-Water-Stewardship-Pilot-Project.pdf
https://albertapcf.org/wp-content/uploads/2021/02/PCAP-2021-web.pdf
https://albertapcf.org/wp-content/uploads/2021/02/PCAP-2021-web.pdf
https://doi.org/10.1111/1467-8489.12009
https://albertapcf.org/wp-content/uploads/2022/04/PCAP-2021-web.pdf
https://doi.org/10.1038/443749a


54 
 

Rey-Valette, H., Mathé, S. and Salles, J.M. 2017. An assessment method of ecosystem 
services based on stakeholders perceptions: The Rapid Ecosystem Services Participatory 
Appraisal (RESPA). Ecosystem Services, 28, pp.311-319. DOI: 
http://dx.doi.org/10.1016/j.ecoser.2017.08.002 

Ricaurte, L.F., Wantzen, K.M., Agudelo, E., Betancourt, B. and Jokela, J. 2014. Participatory 
rural appraisal of ecosystem services of wetlands in the Amazonian Piedmont of Colombia: 
elements for a sustainable management concept. Wetlands ecology and management, 
22(4), pp.343-361. DOI: https://doi.org/10.1007/s11273-013-9333-3 

Riva, F. and Fahrig, L. 2022. The disproportionately high value of small patches for 
biodiversity conservation. Conservation Letters, 15(3), p.e12881. DOI: 
https://doi.org/10.1111/conl.12881 

Riva, F. and Fahrig, L. 2023. Landscape‐scale habitat fragmentation is positively related to 
biodiversity, despite patch‐scale ecosystem decay. Ecology Letters, 26(2), pp.268-277. 
DOI: https://doi.org/10.1111/ele.14145 

Robbins, A.S. and Daniels, J.M., 2012. Restoration and economics: A union waiting to 
happen?. Restoration Ecology, 20(1), pp.10-17. DOI: https://doi.org/10.1111/j.1526-
100X.2011.00838.x 

Robinson, B.E., Zheng, H. and Peng, W. 2019. Disaggregating livelihood dependence on 
ecosystem services to inform land management. Ecosystem Services, 36, p.100902. DOI: 
https://doi.org/10.1016/j.ecoser.2019.100902 

Sajise, A.J., Samson, J.N., Quiao, L., Sibal, J., Raitzer, D.A. and Harder, D. 2021. Contingent 
valuation of nonmarket benefits in project economic analysis: a guide to good practice. 
Asian Development Bank. Accessed [2025 Sept. 19]. URL: 
https://www.adb.org/sites/default/files/publication/761816/valuation-nonmarket-benefits-
project-economic-analysis-guide.pdf 

Schirpke, U., Scolozzi, R. and Tappeiner, U. 2022. Not too small to benefit society: insights 
into perceived cultural ecosystem services of mountain lakes in the European Alps. 
Ecology and Society 27(1):6. DOI: https://doi.org/10.5751/ES-12987-270106 

Scholte, S.S., Van Teeffelen, A.J. and Verburg, P.H., 2015. Integrating socio-cultural 
perspectives into ecosystem service valuation: A review of concepts and 
methods. Ecological economics, 114, pp.67-78. DOI: 
http://dx.doi.org/10.1016/j.ecolecon.2015.03.007 

Schröter, M., Kraemer, R., Mantel, M., Kabisch, N., Hecker, S., Richter, A., Neumeier, V. and 
Bonn, A. 2017. Citizen science for assessing ecosystem services: Status, challenges and 

http://dx.doi.org/10.1016/j.ecoser.2017.08.002
https://doi.org/10.1007/s11273-013-9333-3
https://doi.org/10.1111/conl.12881
https://doi.org/10.1111/ele.14145
https://doi.org/10.1111/j.1526-100X.2011.00838.x
https://doi.org/10.1111/j.1526-100X.2011.00838.x
https://doi.org/10.1016/j.ecoser.2019.100902
https://www.adb.org/sites/default/files/publication/761816/valuation-nonmarket-benefits-project-economic-analysis-guide.pdf
https://www.adb.org/sites/default/files/publication/761816/valuation-nonmarket-benefits-project-economic-analysis-guide.pdf
https://doi.org/10.5751/ES-12987-270106
http://dx.doi.org/10.1016/j.ecolecon.2015.03.007


55 
 

opportunities. Ecosystem Services, 28, pp.80-94. DOI: 
https://doi.org/10.1016/j.ecoser.2017.09.017 

Schuster, E. and Doerr, P. 2015. A Guide for Incorporating Ecosystem Service Valuation into 
Coastal Restoration Projects. The Nature Conservancy, New Jersey Chapter. Delmont, NJ. 
Accessed [2025 Sept. 12]. URL: 
https://www.nature.org/media/oceansandcoasts/ecosystem-service-valuation-coastal-
restoration.pdf 

Science Based Targets Network (SBTN). 2024. Stakeholder engagement and science-based 
targets. (Version 1.0). Accessed [2025 Oct. 17]. URL: 
https://sciencebasedtargetsnetwork.org/wp-content/uploads/2024/10/Stakeholder-
engagement-guidance-v1-0.pdf 

Sharps, K., Masante, D., Thomas, A., Jackson, B., Redhead, J., May, L., Prosser, H., Cosby, 
B., Emmett, B. and Jones, L. 2017. Comparing strengths and weaknesses of three 
ecosystem services modelling tools in a diverse UK river catchment. Science of the total 
environment, 584, pp.118-130. DOI: https://doi.org/10.1016/j.scitotenv.2016.12.160 

Smith, A.C.; Harrison, P.A.; Pérez Soba, M.; Archaux, F.; Blicharska, M.; Egoh, B.N.; Erős, T.; 
Fabrega Domenech, N.; György, Á.I.; Haines-Young, R.; Li, S.; Lommelen, E.; Meiresonne, 
L.; Miguel Ayala, L.; Mononen, L.; Simpson, G.; Stange, E.; Turkelboom, F.; Uiterwijk, M.; 
Veerkamp, C.J.; Wyllie de Echeverria, V. 2017. How natural capital delivers ecosystem 
services: a typology derived from a systematic review. Ecosystem Services, 26 (A). 111-126. 
DOI: https://doi.org/10.1016/j.ecoser.2017.06.006 

Sohl, T.L. and Claggett, P.R. 2013. Clarity versus complexity: Land-use modeling as a 
practical tool for decision-makers. Journal of environmental management, 129, pp.235-
243. DOI: http://dx.doi.org/10.1016/j.jenvman.2013.07.027 

Somda, J. and Awaïss, A. 2013. Economic valuation of ecological functions and services ` 
of natural ecosystems : Guide on the use of simple methods. Ouagadougou, Burkina Faso : 
IUCN. 32pp. Accessed [2025 Nov. 27]. URL: 
https://portals.iucn.org/library/sites/library/files/documents/2013-036-En.pdf 

Song, X.P., Tan, P.Y., Edwards, P. and Richards, D. 2018. The economic benefits and costs of 
trees in urban forest stewardship: A systematic review. Urban forestry & urban greening, 29, 
pp.162-170. DOI: https://doi.org/10.1016/j.ufug.2017.11.017 

Stålhammar, S. and Pedersen, E. 2017. Recreational cultural ecosystem services: How do 
people describe the value?. Ecosystem Services, 26, pp.1-9. DOI: 
https://doi.org/10.1016/j.ecoser.2017.05.010 

https://doi.org/10.1016/j.ecoser.2017.09.017
https://www.nature.org/media/oceansandcoasts/ecosystem-service-valuation-coastal-restoration.pdf
https://www.nature.org/media/oceansandcoasts/ecosystem-service-valuation-coastal-restoration.pdf
https://sciencebasedtargetsnetwork.org/wp-content/uploads/2024/10/Stakeholder-engagement-guidance-v1-0.pdf
https://sciencebasedtargetsnetwork.org/wp-content/uploads/2024/10/Stakeholder-engagement-guidance-v1-0.pdf
https://doi.org/10.1016/j.scitotenv.2016.12.160
https://doi.org/10.1016/j.ecoser.2017.06.006
http://dx.doi.org/10.1016/j.jenvman.2013.07.027
https://portals.iucn.org/library/sites/library/files/documents/2013-036-En.pdf
https://doi.org/10.1016/j.ufug.2017.11.017
https://doi.org/10.1016/j.ecoser.2017.05.010


56 
 

Statistics Canada. 2022. Human Activity and the Environment 2021: Accounting for 
ecosystem change in Canada. Accessed [2025 Nov. 21]. URL: 
https://www150.statcan.gc.ca/n1/en/pub/16-201-x/16-201-x2021001-
eng.pdf?st=0rpg1HP_ 

Statistics Canada. 2023. Ecosystem Accounts. Accessed [2025 Nov. 21]. URL: 
https://www150.statcan.gc.ca/n1/pub/16-509-x/2016001/1685-eng.htm 

Statistics Canada. 2024. Census of Environment: A roadmap to environmental and 
economic sustainability. Statistics Canada. Accessed [2025 Nov. 21]. URL: 
https://www.statcan.gc.ca/en/subjects-start/environment/census 

Statistics Canada. 2025. Census of Environment (portal). Statistics Canada. Accessed 
[2025 Nov. 21]. URL: https://www.statcan.gc.ca/en/census-environment 

Stelk, M.J. & Christie, J. 2014. Ecosystem Service Valuation for Wetland Restoration: What It 
Is, How To Do It, and Best Practice Recommendations. Association of State Wetland 
Managers, Windham, Maine. Accessed [2025 Sept. 12]. URL: 
https://www.nawm.org/state_meeting/2014/ecosystem_service_valuation_for_wetland_re
storation.pdf 

System of Environmental-Economic Accounting (SEEA). ND. Natural Capital and 
Ecosystem Services FAQ. Accessed [2025 Oct. 14]. URL: 
https://seea.un.org/content/natural-capital-and-ecosystem-services-
faq#What%20is%20natural%20capital%20accounting? 

Szangolies, L., Rohwäder, M.S. and Jeltsch, F. 2022. Single large AND several small habitat 
patches: A community perspective on their importance for biodiversity. Basic and Applied 
Ecology, 65, pp.16-27. DOI: https://doi.org/10.1016/j.baae.2022.09.004 

TEEB. 2010a. The Economics of Ecosystems and Biodiversity: Mainstreaming the 
Economics of Nature: A synthesis of the approach, conclusions and recommendations of 
TEEB. Accessed [2025 Sept. 30]. URL: https://www.researchgate.net/profile/Carsten-
Nesshoever/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthe
sis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB/links/0fcfd50910416
2d652000000/Mainstreaming-the-Economics-of-Nature-a-Synthesis-of-the-Approach-
Conclusions-and-Recommendations-of-TEEB.pdf 

TEEB. 2010b. The Economics of Ecosystems and Biodiversity in Business and Enterprise. 
Edited by Joshua Bishop. Geneva, Switzerland: TEEB. Cited in Maechler and Boisvert 
(2024). 

https://www150.statcan.gc.ca/n1/en/pub/16-201-x/16-201-x2021001-eng.pdf?st=0rpg1HP_
https://www150.statcan.gc.ca/n1/en/pub/16-201-x/16-201-x2021001-eng.pdf?st=0rpg1HP_
https://www150.statcan.gc.ca/n1/pub/16-509-x/2016001/1685-eng.htm
https://www.statcan.gc.ca/en/subjects-start/environment/census
https://www.statcan.gc.ca/en/census-environment
https://www.nawm.org/state_meeting/2014/ecosystem_service_valuation_for_wetland_restoration.pdf
https://www.nawm.org/state_meeting/2014/ecosystem_service_valuation_for_wetland_restoration.pdf
https://seea.un.org/content/natural-capital-and-ecosystem-services-faq#What%20is%20natural%20capital%20accounting
https://seea.un.org/content/natural-capital-and-ecosystem-services-faq#What%20is%20natural%20capital%20accounting
https://doi.org/10.1016/j.baae.2022.09.004
https://www.researchgate.net/profile/Carsten-Nesshoever/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB/links/0fcfd509104162d652000000/Mainstreaming-the-Economics-of-Nature-a-Synthesis-of-the-Approach-Conclusions-and-Recommendations-of-TEEB.pdf
https://www.researchgate.net/profile/Carsten-Nesshoever/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB/links/0fcfd509104162d652000000/Mainstreaming-the-Economics-of-Nature-a-Synthesis-of-the-Approach-Conclusions-and-Recommendations-of-TEEB.pdf
https://www.researchgate.net/profile/Carsten-Nesshoever/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB/links/0fcfd509104162d652000000/Mainstreaming-the-Economics-of-Nature-a-Synthesis-of-the-Approach-Conclusions-and-Recommendations-of-TEEB.pdf
https://www.researchgate.net/profile/Carsten-Nesshoever/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB/links/0fcfd509104162d652000000/Mainstreaming-the-Economics-of-Nature-a-Synthesis-of-the-Approach-Conclusions-and-Recommendations-of-TEEB.pdf
https://www.researchgate.net/profile/Carsten-Nesshoever/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB/links/0fcfd509104162d652000000/Mainstreaming-the-Economics-of-Nature-a-Synthesis-of-the-Approach-Conclusions-and-Recommendations-of-TEEB.pdf


57 
 

TEEB. 2012. The Economics of Ecosystems and Biodiversity: Ecological and Economic 
Foundations. Edited by Pushpam Kumar. Routledge, Abingdon and New York. DOI: 
https://doi.org/10.4324/9781849775489 

Termansen, M., Jacobs, S., and Niamir, A. 2020. IPBES VA Chapter 3. Systematic PCIV 
(Principles, Criteria, Indicators, Verifiers) review on valuation methods. Zenodo. DOI: 
https://doi.org/10.5281/zenodo.6518815 

Termansen, M., Jacobs, S., Mwampamba, T.H., Ahn, S., Castro, A., Dendoncker, N., Ghazi, 
H., Gundimeda, H., Huambachano, M., Lee, H., Mukherjee, N., Nemogá, G.R., Palomo, I., 
Pandit, R., Schaafsma, M., Ngouhouo, J., Choi, A., Filyushkina, A., Hernández-Blanco, M., 
Contreras, V., and González-Jiménez, D. 2022. Chapter 3: The potential of valuation. In: P. 
Balvanera, U. Pascual, M. Christie, B. Baptiste, and D. González-Jiménez (eds). 
Methodological Assessment Report on the Diverse Values and Valuation of Nature of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. IPBES 
secretariat, Bonn, Germany. https://doi.org/10.5281/zenodo.6521298. 

Termansen, M., Jacobs, S., Pandit, R., Mwampamba, T.H., Dendoncker, N., Schaafsma, M., 
Contreras, V., González-Jiménez, D., Gundimeda, H., Lee, H. and Filyushkina, A. 2023. Five 
steps towards transformative valuation of nature. Current Opinion in Environmental 
Sustainability, 64, p.101344. DOI: https://doi.org/10.1016/j.cosust.2023.101344 

Tinch, R., Beaumont, N., Sunderland, T., Ozdemiroglu, E., Barton, D., Bowe, C., ... & Ziv, G. 
2019. Economic valuation of ecosystem goods and services: a review for decision makers. 
Journal of Environmental Economics and Policy, 8(4), 359-378. DOI: 
https://doi.org/10.1080/21606544.2019.1623083 

Thompson, S.C.G. and Barton, M.A., 1994. Ecocentric and anthropocentric attitudes 
toward the environment. Journal of environmental Psychology, 14(2), pp.149-157. DOI: 
https://doi.org/10.1016/S0272-4944(05)80168-9 

Tinch, R., Beaumont, N., Sunderland, T., Ozdemiroglu, E., Barton, D., Bowe, C., Börger, T., 
Burgess, P., Cooper, C.N., Faccioli, M. and Failler, P. 2019. Economic valuation of 
ecosystem goods and services: a review for decision makers. Journal of Environmental 
Economics and Policy, 8(4), pp.359-378. DOI: 
https://doi.org/10.1080/21606544.2019.1623083 

Toronto and Region Conservation Authority (TRCA). 2025. Ecosystem Services and 
Valuation. Accessed [2025 Nov. 21]. URL: https://trca.ca/conservation/creating-green-
infrastructure/ecosystem-services-valuation/ 

https://doi.org/10.4324/9781849775489
https://doi.org/10.5281/zenodo.6518815
https://doi.org/10.5281/zenodo.6521298
https://doi.org/10.1016/j.cosust.2023.101344
https://doi.org/10.1080/21606544.2019.1623083
https://doi.org/10.1016/S0272-4944(05)80168-9
https://doi.org/10.1080/21606544.2019.1623083
https://trca.ca/conservation/creating-green-infrastructure/ecosystem-services-valuation/
https://trca.ca/conservation/creating-green-infrastructure/ecosystem-services-valuation/


58 
 

Tourinho, L., de Brito Alves, S.M., da Silva, F.B.L., Verdi, M., Roque, N., Conceicao, A.A., 
Aona, L.Y., de Oliveira, G., Caiafa, A.N., Rigueira, D.M. and Porto, T.J. 2023. A participatory 
approach to map strategic areas for conservation and restoration at a regional 
scale. Perspectives in Ecology and Conservation, 21(1), pp.52-61. DOI: 
https://doi.org/10.1016/j.pecon.2022.11.001 

Troy, A. and Bagstad, K. 2009. Estimating ecosystem services in Southern Ontario. Spatial 
Informatics Group. Pleasanton, CA. Accessed [2025 Nov. 28]. URL: https://alus.ca/wp-
content/uploads/2016/08/estimation-of-ecosystem.pdf 

UK National Ecosystem Assessment. 2011 The UK National Ecosystem Assessment: 
Synthesis of the Key Findings. UNEP-WCMC, Cambridge. Accessed [2025 Sept. 30]. URL: 
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=olWsaTXl4Ww%3d&tabid=82 

UK National Ecosystem Assessment. 2014 The UK National Ecosystem Assessment: 
Synthesis of the Key Findings. UNEP-WCMC, LWEC, UK. Accessed [2025 Sept. 30]. URL: 
http://uknea.unep-
wcmc.org/LinkClick.aspx?fileticket=5L6%2fu%2b%2frKKA%3d&tabid=82 

United Nations. 2024. System of Environmental Economic Accounting – Ecosystem 
Accounting. Department of Economic and Social Affairs. Statistical Papers. Series F No. 
124. Accessed [2025 Sept. 30]. URL: 
https://seea.un.org/sites/seea.un.org/files/documents/EA/seea_ea_f124_web_12dec24.pd
f 

United Nations Environment Programme Finance Initiative (UNEP FI). nd. Natural Capital 
Declaration. Accessed [2025 Nov. 3]. URL: https://www.unepfi.org/natural-capital-
declaration/#:~:text=and%20S%C3%A3o%20Paulo.-
,The%20Importance%20of%20Natural%20Capital,today%20and%20into%20the%20futur
e. 

United Nations System of Environmental Economic Accounting (UN SEEA). nd(a). An 
Introduction to Ecosystem Accounting – key concepts and policy application. Accessed 
[2025 Nov. 6]. URL: https://seea.un.org/sites/seea.un.org/files/seea_long-bro-final-
small.pdf 

United Nations System of Environmental Economic Accounting (UN SEEA). nd(b). ARIES for 
SEEA. Accessed [2025 Nov. 26]. URL: https://seea.un.org/content/aries-for-seea 

US Environmental Protection Agency – Science Advisory Board (USEPA-SAB). 2009. Valuing 
the Protection of Ecological Systems and Services: A Report of the EPA Science Advisory 

https://doi.org/10.1016/j.pecon.2022.11.001
https://alus.ca/wp-content/uploads/2016/08/estimation-of-ecosystem.pdf
https://alus.ca/wp-content/uploads/2016/08/estimation-of-ecosystem.pdf
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=olWsaTXl4Ww%3d&tabid=82
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=5L6%2fu%2b%2frKKA%3d&tabid=82
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=5L6%2fu%2b%2frKKA%3d&tabid=82
https://seea.un.org/sites/seea.un.org/files/documents/EA/seea_ea_f124_web_12dec24.pdf
https://seea.un.org/sites/seea.un.org/files/documents/EA/seea_ea_f124_web_12dec24.pdf
https://www.unepfi.org/natural-capital-declaration/#:~:text=and%20S%C3%A3o%20Paulo.-,The%20Importance%20of%20Natural%20Capital,today%20and%20into%20the%20future
https://www.unepfi.org/natural-capital-declaration/#:~:text=and%20S%C3%A3o%20Paulo.-,The%20Importance%20of%20Natural%20Capital,today%20and%20into%20the%20future
https://www.unepfi.org/natural-capital-declaration/#:~:text=and%20S%C3%A3o%20Paulo.-,The%20Importance%20of%20Natural%20Capital,today%20and%20into%20the%20future
https://www.unepfi.org/natural-capital-declaration/#:~:text=and%20S%C3%A3o%20Paulo.-,The%20Importance%20of%20Natural%20Capital,today%20and%20into%20the%20future
https://seea.un.org/sites/seea.un.org/files/seea_long-bro-final-small.pdf
https://seea.un.org/sites/seea.un.org/files/seea_long-bro-final-small.pdf
https://seea.un.org/content/aries-for-seea


59 
 

Board. Accessed [2025 Nov. 5]. URL: https://ceaa-
acee.gc.ca/050/documents/48590/48590E.pdf 

Value of Nature to Canadians Study Taskforce. 2017. Completing and Using Ecosystem 
Service Assessment for Decision-Making: An Interdisciplinary Toolkit for Managers and 
Analysts. Ottawa, ON: Federal, Provincial, and Territorial Governments of Canada. 
Accessed [2025 Sept. 30]. URL: 
https://publications.gc.ca/collections/collection_2017/eccc/En4-295-2016-eng.pdf 

Villamor, G.B., Palomo, I., Santiago, C.A.L., Oteros-Rozas, E. and Hill, J. 2014. Assessing 
stakeholders' perceptions and values towards social-ecological systems using 
participatory methods. Ecological Processes, 3(1), p.22. DOI: 
https://doi.org/10.1186/s13717-014-0022-9 

Villoslada, M., Vinogradovs, I., Ruskule, A., Veidemane, K., Nikodemus, O., Kasparinskis, 
R., Sepp, K. and Gulbinas, J. 2018. A multitiered approach for grassland ecosystem 
services mapping and assessment: The Viva Grass tool. One Ecosystem, 3, p.e25380. DOI: 
https://doi.org/10.3897/oneeco.3.e25380 

Voigt, B., Troy, A. and Johnson, G. 2013. Mapping the Off-Site Benefits from Protected 
Areas’ Ecosystem Services: Final Report. For Ontario Ministry of Natural Resources. Spatial 
Informatics Group. Accessed [2025 Nov. 29]. URL: 
https://www.ontarioparks.ca/pdf/scienceresearch/esv-report.pdf 

Wang, X., Wen, D., Liu, P., Wei, C., Zhao, P. and Xu, N. 2024. Maintaining ecological 
connectivity in highly urbanized areas: Optimal strategy, key patches and protection 
policy. Ecological Indicators, 164, p.112152. DOI: 
https://doi.org/10.1016/j.ecolind.2024.112152 

White, R.P., Murray, S., Rohweder, M., Prince, S.D. and Thompson, K.M. 2000. Grassland 
ecosystems. World Resources Institute. Washington, DC. Accessed [2025 Nov. 14]. URL: 
https://sustentabilidad.uai.edu.ar/pdf/info/page_grasslands.pdf 

Wikipedia contributors. 2025. Arthur Cecil Pigou. In Wikipedia, The Free Encyclopedia. 
Accessed [2025 Sept. 25]. URL: 
https://en.wikipedia.org/w/index.php?title=Arthur_Cecil_Pigou&oldid=1303469374 

Wilson, S.J. 2008. Lake Simcoe basin’s natural capital: the value of the watershed’s 
ecosystem services. Friends of the Greenbelt Foundation Occasional Paper series. 5, 47. 
Accessed [2025 Nov. 14]. URL: https://davidsuzuki.org/wp-content/uploads/2008/06/lake-
simcoe-basin-natural-capital-value-watershed-ecosystem-services.pdf 

https://ceaa-acee.gc.ca/050/documents/48590/48590E.pdf
https://ceaa-acee.gc.ca/050/documents/48590/48590E.pdf
https://publications.gc.ca/collections/collection_2017/eccc/En4-295-2016-eng.pdf
https://doi.org/10.1186/s13717-014-0022-9
https://doi.org/10.3897/oneeco.3.e25380
https://www.ontarioparks.ca/pdf/scienceresearch/esv-report.pdf
https://doi.org/10.1016/j.ecolind.2024.112152
https://sustentabilidad.uai.edu.ar/pdf/info/page_grasslands.pdf
https://en.wikipedia.org/w/index.php?title=Arthur_Cecil_Pigou&oldid=1303469374
https://davidsuzuki.org/wp-content/uploads/2008/06/lake-simcoe-basin-natural-capital-value-watershed-ecosystem-services.pdf
https://davidsuzuki.org/wp-content/uploads/2008/06/lake-simcoe-basin-natural-capital-value-watershed-ecosystem-services.pdf


60 
 

Wilson, S.J. 2014. The Peace Dividend: Assessing The Economic Value of Ecosystems in 
B.C.’S Peace River Watershed. David Suzuki Foundation. Accessed [2025 Nov. 14]. URL: 
https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-
economic-value-ecosystems-bc-peace-river-watershed.pdf 

Wintle, B.A., Kujala, H., Whitehead, A., Cameron, A., Veloz, S., Kukkala, A., Moilanen, A., 
Gordon, A., Lentini, P.E., Cadenhead, N.C. and Bekessy, S.A. 2019. Global synthesis of 
conservation studies reveals the importance of small habitat patches for 
biodiversity. Proceedings of the National Academy of Sciences, 116(3), pp.909-914. DOI: 
https://doi.org/10.1073/pnas.1813051115 

Zabala, A., Sandbrook, C. and Mukherjee, N. 2018. When and how to use Q methodology to 
understand perspectives in conservation research. Conservation Biology, 32(5), pp.1185-
1194. DOI: https://doi.org/10.1111/cobi.13123 

Zanshin Environmental Networks Inc. 2023. Framework for Grassland Species-at-risk 
Isolated Habitat Mapping in Alberta. Version 1.1.  Accessed [2025 Sept. 25, 2025]. URL: 
https://albertapcf.org/wp-content/uploads/2024/01/Framework_PCF_Isolated-
Habitats.pdf 

 

 

 

https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-economic-value-ecosystems-bc-peace-river-watershed.pdf
https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-economic-value-ecosystems-bc-peace-river-watershed.pdf
https://doi.org/10.1073/pnas.1813051115
https://doi.org/10.1111/cobi.13123
https://albertapcf.org/wp-content/uploads/2024/01/Framework_PCF_Isolated-Habitats.pdf
https://albertapcf.org/wp-content/uploads/2024/01/Framework_PCF_Isolated-Habitats.pdf

