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ABSTRACT
Nature-based solutions (NBS) are increasingly recognized as an effective solution to combat
the negative impacts of climate change. This exploratory study is based in New Brunswick,
Canada, and has two objectives that incorporate both public participants, as well as some
experts working as engineers, planners, and environmental non-governmental organizations
(ENGOs). First, we are interested in examining the values and understanding of wetland
ecosystems among a select group of New Brunswick citizens, particularly in creating climate
resiliency. These were determined based on qualitative observations of distinct
environmental, economic, and social aspects of wetlands that were important to participants
in this study. Additionally, government and academic resources often include varying
technical terminology that can create confusion for the general public and limit their
interpretation of environmental issues. Thus, our study also examines participants’
familiarity with the concepts of green infrastructure, natural infrastructure, and natural
asset, and helps identify the vocabulary with which they are most comfortable.
Through this research, we were able to highlight similarities and differences in understanding
between the expert participants and citizens surrounding natural solutions and the
definitions of several technical terms used to describe them. Our findings suggest that
overall, most participants have a general appreciation for wetlands, despite some being
unable to justify their response. Those who understand the significance of wetlands appear
to have learned about their function through work or higher education in related fields, as
opposed to earlier education. Of the terminology reviewed, green infrastructure is favoured
for its catchy connotation, whereas the definition of natural assets felt more familiar and
easier to break down. Many expert participants acknowledged the differences in the usage
of this vocabulary between their fields and that uniform definitions would be beneficial.
Overall, the results from this research may be used to incorporate citizens’ values within
future environmental policy initiatives, and ultimately improve the general public’s
perception of natural solutions in the context of climate change.
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1.0 Introduction
In order to meet the ambitious goals of the Paris Climate Agreement signed in 2016, nations
around the world have been planning and implementing initiatives to reduce their greenhouse gas (GHG)
emissions. However, an effective solution that many people are often unaware of is the technique and
potential of better land stewardship (Griscom et al., 2017). Some nature-based solutions (NBS) act as
alternatives to technology by not only removing carbon dioxide (CO2) from the atmosphere, but also
contributing to soil quality, water filtration, habitat biodiversity, and increased climate resilience (Griscom
et al., 2017). In particular, terrestrial ecosystems are capable of absorbing nearly 20% of GHG emissions
through plants and soil. Thus, an increased presence of these land sink ecosystems significantly enhances
a region’s climate resilience through the combined role of emissions reduction and the absorption of
anthropogenic GHG emissions (Griscom et al., 2017).

Winter (2005) explains that the harmful environmental effects of extensive forest clearcutting
and drainage of wetlands for agricultural and industrial purposes are only being realized now. The solution
to these issues requires collective efforts between different groups including “ordinary people,
community groups, governments and non-government organizations” (Winter, 2005, p. 3). Given that
most ecosystems are interdependent, it is important to recognize and understand the differences in how
stakeholders and members of the public view their conservation and function. Nature’s non-use value,
according to Cicchetti and Wilde (1992), can be defined by its preservation and benefits it provides for
future generations. This aspect is also referred to as instrumental value, a quality that benefits humans,
which ultimately results in distinct values attributed to all ecosystems based on differences in what a
person considers beneficial (Winter, 2005).

This research will focus on individuals’ values of natural solutions and wetlands, as “they are
thought to underlie specific beliefs and attitudes, influence … norms and behavioural intentions, and
motivate action and behaviour” (Winter, 2005, p. 3). The terms natural infrastructure and natural assets
are often used in scientific and government documents to describe natural landscapes that provide value
to humans. Thus, this study has two objectives. One is to document New Brunswick citizens’ values for
wetland ecosystems and examine their awareness of nature’s role in creating climate resiliency. Secondly,
we hope to gather an understanding of the group’s familiarity with the vocabulary, green infrastructure,
natural infrastructure, and natural assets, to gauge which terminology they are most comfortable
defining. In order to promote the use of NBS in climate change adaptation and mitigation efforts, experts
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like planners, engineers, and ENGOs will require data on the public’s understanding of natural co-benefits.
With a more rich understanding of citizens’ values for natural ecosystems, these experts will be able to
design strategies and programs that better align with societal demands for addressing climate change.

2.0 Background Information
Wetlands are broadly defined ecosystems that exist around the world in different forms and
settings. A common solution proposed in discussions about climate change mitigation efforts is more
forests. However, although wetlands are often misunderstood or overlooked, they are known to be some
of the most productive ecosystems for their wide-ranging benefits.

There is a long-held belief that wetland functions are limited to conservation of wildlife and
habitats; however, they provide many other services at varying ecological scales (Davenport et al., 2010).
Historically, wetlands have been perceived as wastelands, which led to the drainage and development of
many of these ecosystems (Kaplowitz & Kerr, 2003). The misconceptions of wetlands and their significance
has resulted in many wetlands being drained and used for alternative purposes. However, this trend of
widespread wetland drainage exists predominantly in Western societies, where utilitarian values of these
ecosystems prevailed and determined their fate (Kellert, 1993). Furthermore, given that drained wetlands
offer highly fertile fields, there are also significant economic incentives for this practice. Many of Canada’s
wetlands exist in regions that are low and flat, also known to be ideal land for agricultural practices
(Greenland-Smith et al., 2016). Research by Greenland-Smith et al. (2016) focuses on Nova Scotia’s
Annapolis Valley, where significant wetlands have been turned into farmland.

In Constanza et al. (1997), the economic value of seventeen different ecosystem goods and
services (EGS) for 16 biomes was estimated. Out of all 16 biomes, “the total value per ha of marine and
freshwater wetlands were the highest” (Wetlands International et al., 1999, p. 13). More recently,
wetlands have been better recognized for their full environmental, cultural, and economic values (Dobbie
& Green, 2013). Wetlands are compared to coral reefs in the extent of ecosystem goods and services (EGS)
they provide, which have been evaluated in monetary terms through some studies (Greenland-Smith et
al., 2016; ICF, 2018). The ecological impacts of wetland function provide an important role in sustainable
development, as their biological productivity and EGS extend beyond their boundaries (Wetlands
International et al., 1999). Across the planet, wetlands occupy approximately 5-8% of the earth’s land, but
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as carbon sinks, their soils store nearly 35% of the world’s organic carbon that is held in soil (Ramsar,
2018). In Canada, wetland ecosystems “store approximately 150 billion tonnes of carbon … equivalent to
the emissions of roughly six billion cars over 20 years” (Guyn, 2019, para. 4). In addition to their carbon
storage, wetlands also play a crucial role in flood mitigation. One acre of wetland is capable of storing
1000 m3 of runoff, an amount that 6250 bathtubs can hold (Guyn, 2019). Overall, they provide nearly
20.5% of the EGS humans consume, however their utility to nature and society varies depending on the
type of wetland (Greenland-Smith et al., 2016). For example, peatlands make up 3% of earth’s surface and
store nearly twice as much CO2 as the world’s forests but are limited in EGS value associated with nutrient
removal (Ramsar, 2018; Greenland-Smith et al., 2016).

Although these unique and undervalued ecosystems exist across the world in different forms,
studies reveal many similarities in limited public knowledge, as well as the individual perceptions and
values surrounding wetlands and their purpose. For the purpose of this study, the National Geographic’s
definition of wetlands will be used. A wetland consists of an area of land that is either covered or saturated
with water by fresh or saltwater and exists inland and coastal regions (National Geographic, 2012). This
makes them great transition zones “between uplands and deeper water … [and protects] adjacent and
downstream property from flood damage” (U.S. Environmental Protection Agency, 2006, p. 1).

3.0 Values and Perception of Wetlands
Through their focus group results, Belden and Russonello (1995) predicted that lack of public
interest could also be related to their involvement with ecological restoration efforts. Without direct
engagement, individuals may lose interest or be less familiar with the process of ecological restoration in
general. For example, in a study of the Cache River Watershed, local citizens immediately began
advocating for wetland protection after noticing the decline of waterfowl migration to their area and
increased flooding (Davenport et al., 2010). Thus, it can be difficult for members of the public to
appreciate an ecosystem that is distant and unrelated to their lives. Ultimately, for wetland management
and restoration strategies to be effective, they must account for the perceptions and opinions of the
citizens (Dobbie & Green, 2013). Often, the people who have direct experience with wetlands are a small
minority who visit them for a specific purpose, such as duck hunters, scientists, foragers, and bird
watchers. However, even these individuals rarely venture into the middle of a wetland.
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In general, values for natural ecosystems can be broken down into two parts: use and non-use.
As a result of our society’s preference for utilitarian values, non-use values are often overlooked or underemphasized. Certainly, in terms of quantifying values, non-use values are more challenging to document.
Both use and non-use values are associated with wetland ecosystems, where non-use values are
characteristics that enable flood control and improve water quality (Scodari, 1990). The term value is often
associated with monetary measures, however Rokeach (1973) notes that early literature on human values
describes human-held values as more significant and meaningful than those assigned by the market. Thus,
research on human values is important and must be better deployed.

An individual’s cognitive component of attitudes towards ecological restoration is broken down
into “perceived outcomes … orientation of values … and objective knowledge” (Bright et al., 2002, p. 766).
Additionally, a study examining participants’ attitudes and emotions surrounding ecological restoration
found that positive attitudes are often linked to values, while negative attitudes were connected to their
emotions (Bright et al., 2002). So, it is possible that society’s limited understanding of wetland functions
may or prevent a positive attitude toward them. Moreover, economic valuation is often associated with
human perspectives on how resources impact a valuer’s well-being (Halkos & Matsiori, 2016). Given that
ecosystems are not typically valued in economic and monetary terms, wetland EGS are often undervalued
due to the general lack of awareness of their function and productivity. However, as demonstrated below,
this is beginning to change.

When examining public values associated with wetland ecosystems, the most common
approaches focus on the ecological benefits in terms of wildlife habitat and their aesthetic value. In a more
recent study of Florida residents’ preferences and willingness to pay for restoring the Everglades
ecosystem, the respondents expressed great support for restoration efforts in wildlife habitat (Milon &
Scrogin, 2006). There was less concern for water level management, which may be related to limited
knowledge of wetland characteristics and their importance in flood management. In addition, most of the
landholders in the Harman et al. (2004) study also acknowledged the aesthetic value of wetlands for
providing a place of beauty. Unlike these studies, the Davenport et al. (2010) study focused on social
construction of wetland ecosystems among community members and stakeholders, where many
participants expressed a holistic perspective of wetlands. They admired wetlands for being a “treasured
ecosystem … revered historic and contemporary cultural landscape and … as a resource for local economic
revitalization” (Davenport et al., 2010, p. 716). Similarly, participants in Dobbie and Green (2013) also
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perceived wetlands as a whole, “in terms of their content, composition and physical structure,
environmental context and character” (p. 153). In both studies, participants expressed appreciation for
wetlands in their entirety and demonstrated awareness of their many functions.

Furthermore, the results from a study focused on intrinsic and instrumental values of the public,
environmentalists, and farmers indicate that despite the knowledge of all values, participants admitted
difficulties in expressing intrinsic values (Winter, 2005). However, the studies where intrinsic values are
comprehended successfully display remarkable results. For example, the results from Remoundou et al.
(2015) suggest that public members hold values and appreciation for ecological services provided by
marine and coastal ecosystems. Their participants also demonstrated awareness of risks associated with
wetland capacity to sustain these services as a result of climate change (Remoundou et al., 2015). In
Streever et al. (1998), a significant number of respondents took future generations and intrinsic values
into consideration. Based on this data, it is clear that some members of the public recognize the
importance of non-use values, especially when they understand the term, and that values for wetlands
are evolving from the days when they were labelled as “wasteland” on maps identifying natural resources.

Meanwhile, a few studies indicate that some of these historical perceptions of wetlands persist
among some members of the public. The utilitarian value of wetlands assigned by participants in one
study was described as “wasteland, poor quality and … swampy” (Dobbie & Green, 2013, p. 149). Similarly,
when asked about the use of wetlands on their property, the findings in Harman et al. (2004) showed that
38% of landholders admitted to draining them. These findings suggest that the need for increased
awareness and understanding of wetland ecosystems still exists.

Overall, the results of these studies show that public perceptions of wetlands are often fairly
positive, but missing key information surrounding their full ecological functions and benefits. Given that
most of these findings reflect positive values and attitudes toward wetland ecosystems, the absence of
appreciation for their flood mitigation and other functions is likely due to a lack of knowledge of these
processes.

4.0 Knowledge and Understanding of Wetland Significance
Although recent studies have documented society’s apparent growing appreciation for wetland
ecosystems, the gap in knowledge that persisted for many years will require time to fill. In the Dobbie and
Green (2013) study, the authors recognized the possibility of varying knowledge and experience with
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wetlands through the inconsistent vocabulary used by participants to describe these ecosystems. In fact,
policies on the protection and sustainable development of water ecosystems should be more accessible
and based on the values and uses of these ecosystems that are understood by all classes of societies
(Halkos & Matsiori, 2016).

Expanding on research of relationships between knowledge and attitudes, Bright et al. (2002)
explain studies connecting knowledge to attitude direction. Researchers noticed positive attitudes toward
wolf reintroduction among communities with greater knowledge of the animals. A general theme among
many studies reviewed here is the limited knowledge about wetlands and their importance. Some
participants were even unaware of wetlands located in their community (Davenport et al., 2010). The
authors emphasize the importance of understanding these ecosystems and their function, as this helps
increase and promote local stewardship of the land. The latest increase in recognition of wetland benefits
has already encouraged restoration projects to sprout across the United States (Davenport et al., 2010).

In a study on farmers’ perceptions of wetlands and waterbodies, participants acknowledged and
discussed wetlands’ flood mitigation characteristics, but some respondents described wetlands as the
origins of floods (Greenland-Smith et al., 2016). Ironically, wetlands are especially beneficial in agricultural
contexts because of their water regulation and run-off reduction functions (Greenland-Smith et al., 2016).
Similarly, a Landholder Wetlands Perception Project report states that 50% of landholders in the study
also did not believe that wetlands control flooding (Harman et al., 2004).

The parallels in levels of wetland knowledge and understanding among the participants in these
studies suggest areas for improvement. These findings illustrate that there is evidently a gap in
understanding of wetland functions and their role in ecological services. In particular, wetland functions
related to climate resiliency are not discussed by participants in the studies, nor are these ecosystems
seen as natural solutions in general. Although wetlands have tremendous potential in mitigating climate
change impacts, this could be related to the way we talk about them. By using terminology like green
infrastructure, natural infrastructure, and natural assets to portray natural ecosystems, people may
attribute them the same value as built infrastructure. Researchers argue that this must be addressed
before members of the public are expected to show support for restoration efforts of landscapes that
they are currently unfamiliar with.
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5.0 Content Analysis – Green Infrastructure, Natural Infrastructure,
and Natural Assets
A key takeaway from the United Nations Climate Action Summit in 2019 is the topic of Nature
Based Solutions (NBS), which were determined to be an essential component in the global effort to
achieve the Paris Agreement targets (UNEP, 2019). According to the World Wildlife Fund (WWF), NBS are
especially effective because they “harness the power of nature to reduce greenhouse gas emissions and
also help us adapt to the impacts of climate change” (World Wildlife Fund, n.d., para. 1). NBS promote
ecological development and a people-centered response to the climate catastrophe, which involves
decarbonisation and establishing climate resilient societies globally (UNEP, 2019). The terms green
infrastructure, natural infrastructure, and natural assets are environmental concepts like NBS that are
frequently used in scientific and policy documents. However, their similar characteristics make them
difficult to distinguish for the public and even some experts. This section will examine various ways that
these terms are defined from the perspectives of professions such as planners, engineers, and ENGOs.

5.1 Green Infrastructure
Green infrastructure is unique because it does not involve the word “natural” like the other terms
examined in this study, thus some organizations like the U.S. Environmental Protection Agency (EPA)
consider things that are “manmade” to be included in this category. This federal agency uses green
infrastructure when describing stormwater management projects, that are also considered “low impact
development”. According to the U.S. EPA, these are “systems and practices that use or mimic natural
processes that result in infiltration, evapotranspiration or use of stormwater … to protect water quality
and associated aquatic habitat” (U.S. EPA, 2020, para. 1).

However, some organizations also use very broad definitions, such as “as an interconnected
network of green space that conserves natural ecosystem values and functions”, with no specification of
natural or manmade characteristics (Benedict & McMahon, 2002). Unlike this definition, green
infrastructure is described as “natural and human-made elements that provide ecological and hydrological
functions and processes” in the Ontario Provincial Policy Statement of 2014 (Municipal Natural Assets
Initiative, 2017, p. 7). The brevity of both these definitions results in two unique statements with very
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different foci. Thus, these differences can often lead to confusion for individuals unfamiliar with this term
and its use.

Green infrastructure, which is often manmade, has become increasingly common among the
engineering profession. From this perspective, it is explained as:
“an approach that focuses on supporting different interests by maintaining landscape resources
across [different] areas … to develop resilient landscapes that support ecological, economic, and
human interests by maintaining the integrity of, and promoting landscape connectivity, whilst
enhancing the quality of life, place and the environment across different landscape boundaries”
(Mell, 2009, p. 24).

Compared to the other definitions, this perspective is evidently more comprehensive with a focus on
working with the landscape, which is a component in many engineering projects. Green infrastructure is
often compared to grey infrastructure, which is commonly used in the engineering profession and “refers
to human-engineered infrastructure for water resources such as water and wastewater treatment
plants, pipelines, and reservoirs” (Alberta WaterPortal Society, 2016, para. 7). However, given their
differences, green infrastructure will not be able to replace all the uses of grey infrastructure. Instead,
the practice of green infrastructure is intended to “[compliment] the hard structures with natural
features” (Sea Grant University of Hawai’i, n.d., para. 5).

Similar to the engineering perspective, planners’ definitions of green infrastructure also include
an emphasis on the connectivity of various green spaces. The Kambites and Owen (2006) study based on
planning in the United Kingdom defines green infrastructure as “connected networks of multifunctional,
predominantly unbuilt, space that supports both ecological and social activities and processes” (p. 484).
Another study in the UK related to planning also highlighted the connectivity aspect but specified “in and
around urban and urban-fringe landscapes” (Mell, 2008, p. 26). Given that cities often lack the natural
components that can be used for natural infrastructure projects, green infrastructure is typically more
common in urban areas, where it is built to mimic nature.

5.2 Natural Infrastructure
Natural infrastructure often falls under the green infrastructure category and most definitions
place emphasis on the natural aspect, or the incorporation of nature. A report produced by the ICF, a
global consulting company, for the Canadian Council of Ministers of the Environment (CCME) included the
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most in-depth description of natural infrastructure. It highlights the use of natural ecosystems in these
projects and also explains their significance in creating resilience against climate change impacts, such as
tree roots preventing erosion and dunes and reefs protecting landscapes from high winds and storm
surges (ICF, 2018). Further, they clarify their use of natural infrastructure as “existing … or enhanced
combinations of vegetation … land and water, and naturally occurring ecological processes that generate
infrastructure outcomes such as preventing and mitigating floods, erosion, and landslides; mitigating
effects of extreme heat; and purifying groundwater” (ICF, 2018).

Although other groups include similar elements to this description, none of the other definitions
are as comprehensive in nature. A non-profit research institute categorizes natural with green
infrastructure and specifies the project’s reliance on ecosystem services (Resources for the Future, n.d.).
Meanwhile, an ENGO or think tank’s view of natural infrastructure falls under green infrastructure, where
naturally occurring systems are “intentionally managed to provide … benefits for the environment and
human well-being” (Roy, 2018, para. 4). Similarly, a public policy consulting firm also considers natural
infrastructure as “a subset of green infrastructure”, where natural processes create beneficial and
protective outcomes that would normally be provided by built infrastructure (Horizon Advisors, 2019).
Overall, most groups share a common idea of natural infrastructure, with varying perspectives on its
relation to green infrastructure.

5.3 Natural Asset
Unlike green and natural infrastructure, natural asset is a term that is less frequently used and
appears to be still emerging. Before this term was present, natural assets were described as natural
capital, which is a well-known concept used in many research and policy documents. Natural capital is “an
economic metaphor for the limited stocks of physical and biological resources … on earth” (Municipal
Natural Assets Initiative, 2017, p. 5). Although the term natural asset is uncommon among the
professional fields examined, the Municipal Natural Assets Initiative (MNAI) revolves around this concept.
This organization recognizes a gap in municipal policies, these “features that provide … services just like
the other engineered assets, but historically have not been … included in asset management plans”
(Municipal Natural Assets Initiative, 2017, p. 4). Although many organizations highlight the manmade
aspect of green infrastructure, the MNAI (2017) report states that this term can be used interchangeably
with natural asset. Compared to natural assets, which “[refer] to the stock of natural resources and
ecosystems that yield a flow of benefits to people”, green infrastructure is more broadly defined to also
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include “engineered elements … created to mimic natural functions and processes” (Municipal Natural
Assets Initiative, 2017, p. 6).

As seen from the varying perspectives of professionals in these different positions, it is clear that
green infrastructure, natural infrastructure, and natural assets have some overlapping elements. Though
some of these terms are commonly used in policy initiatives, the similarities between their definitions can
present difficulties in understanding their meaning, even among people working in these fields. Thus,
when using environmental jargon in public messaging, it is important for organizations to provide
information that is understood by individuals from all backgrounds, not only science.

6.0 Current Study
6.1 Research Objectives
Despite the numerous studies completed on wetland ecosystems, many researchers indicate
areas where further research is needed. For example, Dobbie and Green (2013) identify a lack of
exploratory studies on wetlands perception that are unstructured and give participants more control in
expressing their views.

In this exploratory study, qualitative methods and open-ended questions are used to probe New
Brunswick residents’ understanding of these terms. The study has two objectives. One is to document the
values for and perceptions of wetland ecosystems among our small sample of New Brunswick citizens,
and determine where the ecological functions that contribute to climate resiliency rank in their minds.
Although similar work has been completed surrounding forests in Canada (McFarlane et al., 2011; Nadeau
et al., 2008; Sheppard et al., 2004), to our knowledge there have been no qualitative studies on
participants’ attitudes and perceptions of wetland ecological functions. Secondly, we want to gather an
understanding of the group’s familiarity with the vocabulary of green infrastructure, natural
infrastructure, and natural assets to gauge which terminology resonates with them the most, and which
they are most comfortable defining.

In general, we hope to identify any gaps in knowledge among our sample of New Brunswick
residents surrounding ecological processes, wetland ecosystems, and the role of natural solutions in
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mitigating the effects of climate change. We also hope that an increase in public awareness and education
surrounding these ecosystems will positively influence the way people view and value wetlands (Bright et
al., 2002). Ultimately, the research conducted in this project does not only contribute to existing findings,
but also helps create a newfound appreciation for these remarkable systems and their significant role in
this climate crisis. If there are future studies related to this area of interest that involve random sampling
with larger populations, the data collected may provide researchers with a sense of how this vocabulary
is interpreted and understood by citizens.

6.2 Research Questions
Our study has two participant categories, public and experts, where the experts are represented
by planners, engineers and ENGOs. By incorporating different participant categories, this study addresses
the following research questions:
1. What are the most important ecosystem, economic, and social function(s) of wetlands for our
small sample of New Brunswick citizens;
2. Do these members of the New Brunswick public have different ways of understanding green
infrastructure, natural infrastructure, and natural assets relative to the experts; and
3. Do planners, engineers, and ENGOs have different ways of understanding green infrastructure,
natural infrastructure, and natural assets relative to one another?

6.3 Methods and Analysis
6.3.1 Participant Selection and Recruitment
This overall study explores both forest and wetland ecosystems and respondents were asked
questions about both ecosystems. The interviews were conducted with my colleague working on the
forest section, however, the information in this report will focus on the wetlands research.

One of the main goals in our recruitment process was to seek a diverse group of New Brunswick
citizens that represents some of the province's diversity in terms of age, gender, ethnicity, and geography.
Given that part of this study is focused on freshwater and coastal wetland ecosystems, we used the map
displayed in Figure 1 to select communities situated in these key watershed areas to begin. These included
both Anglophone and Francophone populations, as well as Indigenous communities.
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Figure 1: New Brunswick Watershed Groups and Provisional Water Classification (New Brunswick
Environmental Network, n.d.).
We sought out key informants in these regions through our professional and academic networks
and used a snowball sampling technique to recruit participants for the study. In order to fulfill our
participant recruitment aspirations, we designed a purposeful sample of citizens that is diverse in gender,
age, primary language, region, and type of community. This helped ensure a balanced number of men and
women, Anglophone, Francophone and Indigenous respondents, as well as residents from rural, suburban
and urban areas. For the selection of community respondents, we sought out individuals whose
knowledge of wetlands and forests ranged from little to no knowledge, to some experts who may have
considerable experiential knowledge. Those with experiential knowledge typically included forestry
workers, forest landowners, Indigenous elders, or hunters. The experts were also recruited through key
informants, however, we actively sought out individuals that would ensure a balanced representation of
each profession: engineering, planning and ENGOs.

Through our purposeful sampling techniques, we were able to recruit respondents from multiple
communities such as Connors, Dieppe, Edmunston, Florenceville-Bristol, Fredericton, Grand BayWestfield, Madawaska Maliseet First Nation, Maple Ridge, McAdam, Millville, Moncton, Juniper Station,
Rothesay, and Saint John. Further, the 23 individuals in the public category included 10 female and 13
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male participants, while there were 10 female and 11 male respondents among the 21 expert participants.
Through discussions with the participants, we learned that there were a few Indigenous and Francophone
community members in both groups, but this was not a specific question in the interview. The expert
sample consisted of 7 ENGO staff, 6 engineers, and 8 planners. Overall, the sampling techniques used in
this study were successful in creating a diverse sample that reflects some of the demographic diversity
found in New Brunswick. However, it is important to note that this is exploratory work with a small sample
size that does not represent all New Brunswick citizens or the professional groups from which our expert
respondents are drawn.

6.3.2 Sampling Methods and Analysis
Given the lack of exploratory studies surrounding wetland perception, we used semi-structured
interviews to document respondents’ subjective values toward these ecosystems. A copy of our
community survey instrument is attached as Appendix A. We included a wide range of questions from
multiple choice for the demographics to open-ended questions for other sections. The survey
instruments were used in pre-test interviews, one from both the public and expert categories, and
shared with organizations involved in this study. Following this process, we incorporated the feedback
and made minor adjustments to strengthen our survey instruments. In total, this project consisted of 44
interviews, which were held between June 19, 2020 and July 17, 2020. As a result of the Covid-19
pandemic restrictions, all interviews were conducted using virtual platforms such as Zoom, Microsoft
Teams, Google Hangouts, or telephone calls.

By implementing a semi-structured interview style, respondents were able to fully elucidate
their values and perceptions of ecological functions and wetland ecosystems. This strategy also provided
a clearer understanding of their familiarity with and comprehension of technical jargon, such as green
infrastructure, natural infrastructure, and natural assets.
In order to meet both objectives of this study, each interview covered two different topics. The
first three sections were identical for both the public and expert respondents and covered topics on
participants’ values surrounding forest and wetland ecosystems. Further, the next section of the survey
focused on participants’ familiarity with the terms green infrastructure, natural infrastructure, and natural
assets. Unlike the values portion of the surveys, these questions varied between the public and expert
categories in terms of their specificity and depth, as displayed in Appendix B. For instance, we were
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interested in documenting the general level of understanding among the public participants, whereas the
experts were asked about their professional experience with this vocabulary in professional contexts.

With the consent of all participants involved in this study, each interview was recorded and
transcribed for analysis purposes. Then we used qualitative thematic coding to highlight any key themes
and variations documented in the participants’ responses. For the vocabulary section, we used the
findings from our content analysis on green infrastructure, natural infrastructure, and natural assets to
determine any similarities or differences between the findings in our study. All of the respondents were
assigned a specific code number, where public participant codes begin with “COMM” and the expert
participant codes are broken down by profession, “PLAN”, “ENG”, and “ENGO”.

7.0 Results
This section highlights key findings regarding participants’ values and perceptions surrounding
wetland ecosystems, as well as their knowledge and understanding of wetland functions. In addition,
observations on participants’ familiarities with the vocabulary of green infrastructure, natural
infrastructure, and natural assets are provided. This study compares results between members of the
general public and experts working in environmental-related fields, specifically engineers, planners and
ENGO staff. However, given that these findings are based on only 44 participants, it is important to
reiterate that they are not a representation of the province’s general population.

The diagram displayed in Figure 2 summarizes the various uses and benefits of wetland
ecosystems that were described among the participants in this study. This visual representation is inspired
by a diagram included in Beckley (1998) presenting a framework that breaks down the nature of forest
use and value among North Americans. For situations where participants were unable to fully summarize
their responses, related ecological services listed in the Hotte et al. (2009) paper were used.
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Figure 2: A typology of direct and indirect uses of wetland ecosystems among citizens in
New Brunswick, Canada.

7.1 Values and Perceptions of Wetlands
7.1.1 Definition of a Wetland
When asked to define a wetland in their own terms (Q17, Appendix A), both public and expert
participants hesitated and explained that this is not something they think about often. A member of the
public group stated they are “not entirely sure how to categorize or define a wetland” (COMM2), while
one of the experts even admitted that after reading multiple wetland functional reports, “I should be able
to tell you exactly and I can’t” (ENG5). Comparing wetlands to forests, COMM2 also stated that a wetland
is “clearly not a forest because trees don’t do well in wetlands”. Further, ENGO1 described a wetland as
“such an undervalued ecosystem”, and when compared to the amount of forested area, ENG3 included
that “the combination of having less … probably makes them highly valuable”. An expert participant who
found this question difficult explained that they are still “coming to terms that there are so many different
wetlands” (ENG1). The confusion related to the breadth of these ecosystems was especially clear after
respondent PLAN5 also classified roadside ditches as wetlands.
Through their responses, it appears that 43 out of 44 participants know what a wetland is, but
have some difficulty explaining it. Of the participants who demonstrated a higher-level understanding of
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wetland functions, it was interesting to see the unique metaphors and comparisons they made to describe
these complex ecosystems. For example, two experts and one public participant described a wetland as
“nature’s sponge” (PLAN2; PLAN4; COMM9), and COMM9 added that wetlands are “the lungs of the land”.

7.1.2 Images and/or Words to Describe a Wetland
Next, we asked participants to describe the images and words that come to their mind when they
think of wetlands (Q18, Appendix A). Some of the most common responses between both public and
expert participant groups were cattails, birds, bugs, and mosquitos. Out of the discussions with members
of the public, the distinct descriptors included “Kingdom of Beavers” (COMM5), “smelly, messy”
(COMM2), “wet, stinky” (COMM10) and that wetland ecosystems are “not necessarily the most …
accommodating for humans unless you’ve got hip waders and … a bug jacket” (COMM2). Meanwhile, the
unique characteristics emphasized by expert participants recognized wetlands for their “vast open space”
(ENGO1) and “Ducks Unlimited signs” (ENG2).

7.1.3 Importance of Wetlands in Personal Life
One of the questions asked in this survey was, “Are wetlands important to you personally? Why?”
(Q22, Appendix A). This question was sometimes met with a pause, where ENGO7 described it being hard
to think of inherent value from an individual landscape, rather than “seeing it all as one unified thing”.
Aside from COMM1, who stated they do not “have a strong opinion on it”, all participants in both of the
study groups described wetlands as being important. However, 8 of the 44 participants who
acknowledged their significance were not able to explain why. Participant COMM14 stated, “I believe
they’re important, I don’t necessarily have an appreciation of the true benefit of them” and COMM15
admitted they “haven’t thought about them that much”. Similarly, ENG2 explained that although they did
not know much about wetlands, “they are there for a reason”.

Additionally, one of the public participants recognized through hunting that “there’s lots of rules
so that makes me think that [wetlands] must be quite important” (COMM15). In our discussions,
respondent COMM14 also expressed that “we’re guilty of living so close to so many bodies of water …
that we don’t … have an appreciation of and I’m definitely guilty of that”.
Moreover, four of the participants reminisced on the role of wetlands in their childhoods.
Participant ENGO1 described the wetland as an area that would “inspire a lot of awe and wonder”, and
COMM3 explained that “as a child just chasing frogs … [they] never actually knew the overall importance”
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and are now amazed. One of the expert participants admired the biodiversity of these ecosystems, how
“the plants are so tiny and they’re like in a desert just because of the conditions of a bog” (PLAN2). Some
responses between the expert and a few public members related to their experiences with wetlands as
local homeowners. In addition to the appreciation of wetlands for flood management among
homeowners, 10 out of the 44 participants valued these ecosystems because their household relies on
groundwater for their domestic water supply.

Furthermore, from speaking with one of the Indigenous participants about wetland ecosystems,
we learned that “water is very much part of [their] creation stories in Atlantic Canada”. Compared to the
non-Indigenous participants included in this study, their responses communicated a unique connection to
the water, such as “having shared DNA”. When describing their relationship with the water, the
participant explained their identity as the Wolastoqiyik, which “means that we are the people of the
Wolastoq [River]”.

7.1.4 Community’s Perception of Wetlands
In the interviews, we asked participants if they hear their community members expressing similar
opinions of wetland ecosystems (Q24, Appendix A). Given that the expert participants’ responses were
also based on their experience as a citizen of New Brunswick, there were patterns between both groups’
answers. Out of all 44 participants interviewed, 10 mentioned that wetlands are undervalued. Participant
COMM4 described community members thinking of wetlands as a nuisance and annoying, but also
explained that it’s about “how we come to label and understand them”. The participant added, “I’ve come
to realize [that] you know our wetland areas and marsh areas … you know almost nothing about them”
(COMM4).

Similarly, PLAN1 stated that the community members who consider wetlands a nuisance “could
care less if they were gone or (sic) make room for development”. However, one of the participants related
this to a “lack of understanding of the interconnectedness of the different habitats” where people do not
realize that clearcutting a forest could increase the flooding in a watershed (PLAN2).

7.2 Knowledge and Understanding of Wetland Significance
7.2.1 Nearest Wetland
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Through our study, we were also interested to see if participants could identify the nearest
wetland to their place of residence (Q19, Appendix A). Despite some initial hesitation, 38 participants
were able to respond to this question. Between the 44 public and expert respondents, it was clear that
the province’s wetland map was a factor that influenced some of the responses, as it was mentioned by
12 individuals. For instance, COMM2 explained that “the provincial definitions changed a while ago … they
reduced the scope and scale and what qualifies the wetlands”, which can create confusion with changing
parameters. Another participant stated that they can identify the nearest water body but are unsure
about what would be considered a wetland (COMM1). Aside from the experts that based their response
on the wetland map as well, one participant admitted, “I’m not sure and I feel like that’s a problem”
(ENG1).

7.2.2 Wetland Functions
Furthermore, when investigating participants’ understandings of wetland functions, there were
similarities between both general public and expert respondents, from the 31 out of 44 that provided a
response. Most frequently, participants described wetland functions related to flood management, water
purification, biodiversity and habitat for wildlife. In summary from one of the experts, wetlands “regulate
water quality and quantity, … got a beauty factor to them, people are attracted to water, [and are] vital
in combating climate change and biodiversity loss” (ENGO2).

7.2.3 Benefits of Wetlands to Humans and Society
One of the interview questions asked participants to describe the benefits of wetlands to humans
and society (Q20, Appendix A). Nearly half of all 44 responses to this question related to their personal
experiences, as opposed to the material that would be conveyed through educational resources. Except
for the 8 participants who were unsure and admitted they “couldn’t firmly say what the benefits would
be”, COMM4 explained how in their community they were taught that wetlands “were a nuisance and
useless … and [it was] seen as unfortunate if you had wet areas on your property”. However, later they
realized their true value after using wetlands on their property to irrigate their vegetable garden. In their
response to this question, another participant stated that “we as humans … have very limited economic
use for wetlands unless we destroy them unfortunately” (COMM5). Thus, it appears that the public
participants’ opinions were highly dependent on their recognition or incorporation of wetlands in their
personal lives.
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Similar to the public participants, many of the experts’ responses were based on their personal
lives, but it was clear that they also included some knowledge of wetland significance from their work.
One of the participants lives in a municipality “often impacted by flooding” and recognized wetlands for
their flood abatement potential, stating that they will “be integral in protecting us down the road from
those same impacts” (ENGO3). Further, some of the experts expressed an appreciation for the aesthetic,
cultural, and recreational elements of wetlands. For instance, ENGO1 explained how people visit from all
over to view the wetland birds and “people are kind of drawn to water … especially for freshwater marshes
[that are] relatively accessible areas”. In one community, an expert described that the large, constructed
wetland near the highway is “probably the biggest feature people associate with the town” (PLAN1).

In addition to creating climate resiliency through carbon storage capabilities, PLAN4 explained
how wetlands in municipalities provide “a good contrast with urban development” and allow humans to
be close to nature. From the perspective of a planner, having this natural feature within an urban context
can be compared to the significance of Central Park to residents of New York City.

7.2.4 Wetland Health and Risks
Near the end of our interviews, we asked participants if they consider the wetlands in their
community to be healthy (Q24, Appendix A). Although this question referred to participants’ personal
lives, the 10 out of the 23 members in the public group were unsure, but the responses suggested they
had little knowledge about wetland health. For example, one participant responded, “It’s one of those
things where I guess I would assume it’s healthy, but I don’t know to be positive if it is” (COMM1).
Moreover, 13 respondents from the 23 referred to the presence of wildlife and absence of garbage as a
sign of a healthy wetland.

Although this hesitation was less common among the expert participants, an ENGO1 explained
how “it’s kind of easy to see when a forest … is clear cut”. However, with wetlands, “because they have a
history of getting filled for development … they’re just immediately wiped off the landscape so it’s hard
to kind of conceptualize that change in health … it’s almost going from like 100 to 0”. Additionally, another
expert who lives near the Bay of Fundy described the impacts of a salt marsh being removed, where “the
remaining saltmarsh behind the dikes is slowly being eroded away … by the tides and the rising sea levels”.
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For the question on risks to wetlands (Q25, Appendix A), dumping and development were the
most common responses and mentioned by 35 out of 44 respondents.

Multiple members of the public group expressed that the development risks are associated with
provincial regulations, and COMM9 jokes “I think there’s more wetlands that are not recognized that are
not under protection, and that’s a problem”. One of the participants described their experience working
in forests where their team members “didn’t even realize that they were going over some brooks and
they ended up cutting over top of them” and how it is likely because “the regulations have loosened …
[and] that buffer zone is slowly being reduced down” (COMM10). So, because of the lenient provincial
regulations and designations of wetlands, people “don’t even know where they are” (COMM4). Further,
some participants related wetland risks to a limited understanding that beyond biodiversity, as explained
by COMM4, “there’s a utility to them … within nature … we really haven’t done that work as a knowledge
area”. Instead, they are “usually seen as an obstacle to development” in urban areas (COMM11). In
contrast to multiple participants stating development as a risk, COMM8 explained that their town is trying
to make wetlands “part of the solution, rather than seeing [them as] another problem”.

Like the public participants, many experts expressed that development, sprawl and climate
change pose risks to wetlands, and like ENG3, some also worried about the “small wet areas that may not
constitute a wetland by provincial designations”. In addition to the general public not fully understanding
the value of these ecosystems, ENGO3 described a greater threat to “coastal wetlands due to our innate
nature and wanting to develop our coastlines”. Similarly, another expert explained how many
communities view “wetland as a waste of space and should be filled in so they can get closer to a river or
other water feature” (ENGO2). This refers to the general public’s desire for accessible recreation, where
people complain that wetlands are inaccessible. An interesting thought shared by one of the ENGO
experts was how the constructed wetlands may face less risk surrounding development because the
municipality already invested in creating or developing them.

7.3 Terminology – Green Infrastructure, Natural Infrastructure, and Natural Asset
7.3.1 Defining the Terminology – Public Group
This section focuses on any trends identified among the public participants’ definitions of the
three terms, green infrastructure, natural infrastructure, and natural asset.
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Green Infrastructure
Among the public participants, green infrastructure to COMM11 was understood as a “sort of
artificial ecosystem” or “human infrastructure that’s trying to be more harmonious with nature”
(COMM5). Generally, the responses involved the idea of incorporating green elements into infrastructure
designs to make them less harmful to the environment, such as “moving towards gardens on top of roofs”
(COMM21). Participant COMM7 expressed that “green seems to be that keyword an important word
that’s thrown around a lot when we talk about climate change … let’s go green, let’s move away from oil
and go with wind turbines”. However, other responses included, “the green would be just the trees”
(COMM16), “more greenery … trees, grasses” (COMM19), and “electric cars” (COMM2).
Natural Infrastructure
Out of the public group, there were 12 participants who were familiar with the term natural
infrastructure. Despite some public participants being unsure about natural infrastructure, it seemed easy
to break down the terminology into parts. The responses seemed to be split, where some participants
described natural infrastructure as incorporating nature into built environments. COMM6 stated, “if I was
to guess … maybe it’s like using part of the forest … as a buffer zone”, while someone who was not familiar
with the term said it “sounds like what nature has built” (COMM5). One of the public participants who
spends a lot of their time in nature responded, “natural infrastructure for me, I think it’s a park like Odell”
(COMM20). Another common theme among the responses was an understanding of natural infrastructure
as nature’s elements that provide ecological services. For example, COMM11 described the use of natural
infrastructure as “when we recognize the fact that ecosystems deliver services” and added that “its
opposite to what we call grey infrastructure or built infrastructure”.

Natural Asset
Out of all three terms, our interviews demonstrate that the public participants were generally
comfortable with “natural asset” because they related it to actual assets, which is a term that most people
understand. Given this association, many of the public respondents’ descriptions of natural assets
revolved around humans, where COMM15 explained they are essentially “the value of what the nature
provides to the humans … if we weren’t there, well it wouldn’t be an asset”. For instance, another
participant explained that “an asset is something you can use to your advantage that benefits you … so I
would say a natural asset would be something in the environment that you could potentially use for your
benefit” (COMM10). Likewise, COMM7 had a similar theory, but expanded the benefits to humans as
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“economically, emotionally”. In addition, there were a few participants who thought of natural assets as
areas in nature that are undisturbed or used by humans. COMM17’s understanding of natural asset was
“more of the untouched areas … [that] has not been built or touched by humans”, similar to another
participant’s description, “untouched, unfeathered … it would be left alone to do what it does” (COMM9).
This contrast between ideas could be related to differences in how people experience and value nature.

7.3.2 Categorizing Projects
Unlike the expert survey instrument, the public group’s interview included a question that
required the participants to categorize a list of projects under the three terminologies in a Venn diagram
(Figure 3). The projects presented to this group were: saltmarsh/bog, green roof, stormwater pond, forest,
tree box, constructed wetland, soil, green wall, woodlot, urban forest, rain garden, and stream buffer.

Figure 3: Venn diagram used to categorize the listed projects (Q31, Appendix A).

After analyzing the placement of the projects, it appeared that “natural infrastructure” was an
unpopular choice of category. Overall, most participants placed a rain garden, tree box, green roof,
constructed wetland, stormwater pond, and green wall under “green infrastructure”. In addition, the
majority of participants classified saltmarsh/bog, urban forest, soil, and forest as “natural assets”.
Woodlot was frequently placed on the intersection of “natural infrastructure” and “natural asset”, while
stream buffer often placed either between “green infrastructure and natural infrastructure”, “natural
asset and natural infrastructure”, or inside “natural asset”.
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7.3.3 Definition of Terminology – Expert Group
This section will examine the expert respondents’ definitions of green infrastructure, natural
infrastructure, and natural asset.
Green Infrastructure
When asked to define green infrastructure, there were similar themes between the public and
expert participants, however the experts were able to provide more in-depth explanations. Similar to
some responses from the public group, a few experts described green infrastructure as manmade
structures that are attempting to resemble natural systems. For instance, some experts defined it as “a
manmade system that is put somewhere to mimic a natural process” (ENGO1), “engineered products that
mimic nature” (PLAN1), and “using a hybrid of manmade elements” (ENG1). From these examples, it
appears that this characteristic of green infrastructure is recognized by members from each of the three
professions included in this study.

Although all ENGO experts were familiar with the term, the diversity of their work portfolios and
projects resulted in some variations between their definitions. Aside from those who mentioned the
combination of natural and manmade elements, two of the ENGO experts also shared views with some
public participants. Their definition of green infrastructure includes “energy efficiency, green space”
(ENGO7), where ENGO5 expressed, “that’s where my brain goes to when I think of green infrastructure …
much more energy related”.
Among the responses from engineer participants, most mentioned the aspect of using natural
elements in manmade structures to reduce their anthropogenic impacts. While multiple engineers made
reference to LEED certified buildings, ENG8 described green infrastructure more generally as “something
that is more environmentally friendly … it could be [less] resource intensive, less energy intensive”.
Natural Infrastructure
The responses shared by ENGO participants often included references to natural features that
provide goods and services to humans and nature. For example, ENGO1 stated that “the natural
infrastructure is really like those wetlands and those forests … and different features that are on the
ground right now … providing those services”.
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Out of the different expert professions, every participant in the planner category was familiar with
the term natural infrastructure. Although their definitions were similar to the ENGO respondents, their
version typically referred to natural infrastructure as an alternative to manmade structures with more
eco-friendly elements. PLAN6 describes green infrastructure as using “engineering methods to rebuild a
natural infrastructure that would maybe be able to … have run off of water … the same quality as the
nature would have given”.

Like the planners, many engineers described natural infrastructure as incorporating nature into
traditional engineering approaches. ENG1’s definition was “using natural systems to help replace what
was normally used as an engineered solution”, while another engineer said that “it’s realizing what nature
does but … putting an engineered approach towards it” (ENG6).

Meanwhile, one of the engineers also expressed, “infrastructure to me always means
something … built by man or modified and … when you put natural in there it’s a little bit of an oxymoron”
(ENG3). Thus, as mentioned by one of the ENGO participants, this may create hesitation from “people not
wanting to think of nature as infrastructure or something that could be commodified … because it has so
much intrinsic value” (ENGO1).
Natural Asset
All of the ENGO and planners interviewed in this study had heard of the term “natural asset”
before, however it was an unfamiliar term to some of the engineer participants. Both ENGO and planner
participants’ definitions of natural assets included mention of nature as an asset and using this term with
municipal partners.”. Specifically, how natural assets relate to “the policy and governance side of natural
infrastructure” (ENGO1). PLAN4 describes natural asset as “an asset to be incorporated into … how we
manage anything around [our] municipalities”. One of the ENGO experts referred to it as an “accounting
or an economic understanding” and explained that this makes it a “good term to try to communicate to
your municipal partners” (ENGO3). However, ENGO2 explained that it is “just a change in terminology so
instead of talking about nature, we now put this natural asset spin on it cause asset makes it sound more
important”.

Although the engineers had related definitions, they often placed more emphasis on the value
aspect. Some of the engineers’ responses for defining natural assets included “anything that has value to
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the natural ecosystem” (ENG3), and something that is “valued as an asset to the community” (ENG7).
Additionally, like the public group’s views, another engineer explained that the asset “implies ownership,
[so] natural asset would be something that has some tangible value” (ENG6).

7.3.4 Comparison of Terminologies
Next, we asked participants if green infrastructure, natural infrastructure, and natural assets
sound like different things. Approximately 6 out of the 22 public respondents expressed that the terms
sound like similar concepts. One of the participants made an interesting observation and admitted, “since
talking about it, I see those are different things, but if you … asked me prior to this, I would have …
assumed [natural and green infrastructure] were the same thing” (COMM1). Meanwhile, COMM17
explained how “You could easily mistake one for the other, and I probably [have] mistaken them already.
They are certainly not easy to grasp”. Another respondent’s guess was that “there’s probably nuance to
each … but they are all probably connected” (COMM10). In reference to government resources using
these terms, COMM4 explained that “they’re professionalizing a lot of language … [so] it’s hard for the
average citizen to connect with”. Thus, this type of language may make these resources more distant or
inaccessible for some people, rather than making it more relatable.

These results suggest that experts’ predictions of these terms are generally accurate, members of
the general public are “confused because the language just keeps on moving and we give something a
new name, but nothing has really changed” (ENGO2). For example, ENGO2 explains how natural asset
puts “an economic value on nature … but we’re still talking about nature”. Furthermore, another expert
expressed, “I just wish we could keep those separate, to me anything that has infrastructure in it is too
engineered and so it shouldn’t [overlap] with anything that’s nature” (PLAN2).

7.3.3 Best Terminology for Public Engagement
Finally, we asked the participants which of these three terms would be best for engaging the
public in terms of what it represents (Q30, Appendix A & Q4, Appendix B). Overall, 19 out of the 44
participants from both groups preferred the term “natural asset”. Although green infrastructure was
favoured by 13 out of 44 participants, there were some individuals who strongly opposed it.

Those who preferred natural asset associated the term with assets. For instance, it reminds
participant COMM5 of a “big brick of gold … suggests some sort of economic wealth”. Similarly, other
responses surrounding natural asset included that it “sounds like something you’d want to save”

28

(COMM8) and that it “might strike a chord with more people if they think it might have something as a
benefit for them” (COMM16). Additionally, out of the public participants who favoured green
infrastructure, one individual explained that “most people are in tune with green infrastructure because
they hear the word green they think of trees” (COMM18), while another said, “green jumps out at me”
(COMM14). Moreover, COMM7 explained that “because we’re hearing the word green all the time … it
seems to represent something that’s healthier”. However, the increased presence of “green” is what
made some participants oppose this term, COMM3 is afraid that “if it’s been so used overused that people
now just kind of tune it out”. One of the public respondents had an interesting perspective, claiming that
“green is politically loaded … and anytime you use the word green it tends to get connected to a certain
form of liberal thinking” (COMM13).

Compared to the public participants, the experts’ responses were more widespread, but the
majority also preferred natural asset and green infrastructure. Some experts expressed preference for
natural asset for similar reasons to the public. Regardless of your background, ENGO5 explains that the
term asset refers to “something you have that’s of value” and thus, “natural asset would probably be the
most maybe intuitive and easily understood” (ENG4). Furthermore, ENG6 chose green infrastructure
because of “the buzzword nature of it, people are more likely to … associate green with positive”.
However, like the public group, some engineers explained that “people are getting … bombarded with
green everything” (ENG3) and its overuse might mean that some people are “getting a little tired of it”
(ENG2). Unlike the public participants, some experts liked natural infrastructure because it’s a term that
more people can understand. One of the experts explained that “natural infrastructure is important when
you’re talking about the direct economic value these ecosystems provide because it’s emphasizing that if
these didn’t exist, you’d have to spend a lot of money to replace them with engineered infrastructure …
[That] affects things like your taxes, so people who don’t have a very intrinsic value of nature, that’s a very
effective term” (PLAN1).

7.3.4 Understanding of Terminology Between Different Fields
Finally, we asked every expert participant if engineers, planners, ENGOs, government regulators,
and developers have a common understanding of these three terms (Q6, Appendix B). Approximately half
of the expert participants expressed there was not a common understanding between these fields, while
some were unsure or felt there was somewhat of a common understanding. ENG7 stated, “there is
definitely still some confusion”, and PLAN1 explained that when they “talk to colleagues about … these
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terms there’s a certain amount of clarification that needs to be made in the beginning” to ensure everyone
is on a similar page. Overall, participants described this as a result of differences in values, priorities,
perception, and the absence of standardization among the definitions.

ENG6 explained that everyone’s definition “will be geared based on their values”, where someone
working in consulting may have a broader knowledge of the terms because of their diverse clientele.
Similarly, ENGO1 suggested that the differences exist among “the value that those different groups
provide to … ecosystems”, and it’s about “what’s on that land right now that there’s a bit of a different
value system”. Further, another expert expressed that “these terms span across so many different
professions and each is focused on different aspects of the ecosystem services … very much tailored to
their own vision of nature … an underlying bias that prevents a common understanding” (PLAN1). Thus,
participant ENGO1 explained that we must think about how we can get to the stage of “aligning
everybody’s values”.

Next, there were common responses surrounding differences in priority, where one of the
planners clarified that “the understanding might be there, but … the level of priority that they would
allow” (PLAN3). For instance, multiple participants referred to developers, as ENGO7 explained that they
might not be “thinking necessarily about how to develop alongside nature”. Another expert described this
as everyone has “an idea of it, but nobody has a common goal” (PLAN6).

Finally, there were many responses related to varying perceptions between the professional
fields, which were thought to be related to different views of nature and understanding. An example
provided by one of the planners involved a developer’s perception of leaving 10% of the land for a natural
feature, where they may “see a loss, they are losing like one or two building lots”, as opposed to seeing it
as creating a link for nature (PLAN4). Another expert explained that when looking at protecting nature,
“some look at it from a dollars and cents perspective” (ENGO3), while some organizations do not have
this view. However, a different ENGO expert also stated that natural solutions, like wetlands for flood
management, are becoming more popular and municipalities are realizing, “oh wait a minute … nature
had it figured out” (ENGO5).

Ultimately, most experts agree that a uniform definition would be helpful to ensure a common
understanding of these terms. Right now, one of the experts expressed that “I don’t think anybody is
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coordinating or talking with each other … so that communication gap is what leads us into trouble”
(ENGO6). When asked about other terms being used to convey a similar meaning, the most common
vocabulary included:
“nature-based solutions”; “ecosystem-based adaptation”; “ecosystem services”; “natural capital”;
“blue economy”; “low impact development”; and “grey infrastructure”.

8.0 Discussion
8.1 Understanding and Values for Wetland Ecosystems
After speaking to the public participants in this study, some of the responses suggest gaps in
understanding of wetland ecosystems, particularly their wide range of functions. In general, the responses
from participants in both the public and expert groups were related to experiences in their personal lives.
However, there was a distinction between the two groups, where the experts’ answers were much more
extensive. Despite the varying professions of the expert participants, it was clear that they had additional
knowledge from their educational or professional backgrounds. This aspect allowed these participants to
provide more justification for their perceptions, as well as develop a more holistic view of these unique
ecosystems. For instance, public participants often admired the biodiversity and wildlife in wetlands,
where experts were able to recognize their functions that combat the negative impacts of climate change,
such as carbon storage.

The responses gathered from all interviews indicate that there is a general appreciation for
wetlands among both public participants and experts, despite the limited understanding of some
characteristics. Although many of the public participants and some experts did not work directly with
wetlands, we found that responses were often influenced by their hobbies and/or occupation. For
example, public participants using wetlands for recreational purposes recognized the biodiversity, while
engineers and planners placed higher value on the economic benefits of wetlands. Moreover, the
Indigenous participants, as well as those working in ENGOs or conservation, typically described an
emotional and spiritual connection to these ecosystems. An interesting observation was that regardless
of participants’ different backgrounds and experiences, almost all respondents hesitated when asked to
define a wetland. Given that people usually have more experiences with forests in their lifetime, we do
not think of wetlands as often, which may explain the pause. This hesitation could also be related to the
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complex nature of wetlands and the wide range of ecosystem services they provide, which are not always
visible.

When ranking their values for wetland ecosystems, some aspects that were frequently ranked as
most important were the personal connection to wetlands, water filtration for drinking, and being able to
access the wetland. The accessibility was another common element that mattered to mostly public
participants but was also discussed by some experts. Through their responses, it appeared that
participants who had the opportunity to be close to wetlands for their recreational purposes appreciated
them more. However, this is an element of human nature, where we must be directly involved or
immersed in nature to enjoy it. This is also the aspect of human nature that is allowing us to destroy our
planet and encroach on natural boundaries, which is a risk that was identified for wetlands as well.

Therefore, despite the mainly positive views expressed by the public participants, there is still a
need for more awareness. Especially amidst the issue of climate change, it is crucial that all humans
understand the abilities of wetlands in creating resiliency against negative impacts. As seen through a few
of the public participants’ responses, it is fascinating how even those with knowledge of positive functions
still used negative descriptors for wetlands. Hopefully increased awareness of their functions will help the
general public understand scientists’ arguments that state the solution is more nature, not less.

8.2 Terminology – Green Infrastructure, Natural Infrastructure, and Natural Assets
For the interview section surrounding the concepts of green infrastructure, natural infrastructure,
and natural assets, there was a wide range of understanding among the public participants in particular.
However, even those who were not previously familiar with these terms were able to make an educated
guess after breaking down the concepts into individual words. Despite many public participants choosing
green infrastructure as their preferred term, there were a few participants that expressed strong
opposition. To some, “green” was explained as having a very positive connotation, such as something that
is good for the environment. Others described “green” as a buzzword that is overused, where one of the
participants worried that it may be associated with political partisanship. Ultimately, most participants
stated that these terms seemed very similar in meaning.

Compared to the responses from the public participants, the experts’ ideas were more in-depth,
which could be related to the increased specificity of questions related to vocabulary in their interviews.
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Their prediction of public members’ understandings of these concepts was also correct, where many of
the participants felt confused about their meanings. The expert responses were more detailed, but also
seemed to be influenced by their profession. As a result, experts’ definitions of these terms varied
significantly in some cases, and participants explained that this could be related to differences in each
field’s prioritization, perception, and values surrounding natural systems. Overall, most experts agreed
that a uniform or standardized definition of these terms would provide an even starting point for all
professionals working with nature-based solutions. By aligning their understanding, professionals may
feel more comfortable with these concepts and increase the incorporation of natural solutions within
their future projects.

Moreover, both public and expert participant groups also expressed preference for the term
natural assets. Of the three terms, this appeared to be one that the public was most comfortable with
because of their familiarity with the word asset. It was interesting how the public related natural asset to
assets that we own, and as something providing benefit to us. These responses demonstrate that the
utilitarian value humans often associate with nature still exists. Their definitions of this term typically
focused on humans, whereas the expert participants view natural asset as nature with an economic spin.
Further, many experts explained that this financial element makes natural asset more useful and
persuasive for communicating its economic value to governments and other decision makers.

9.0 Conclusion
This research presents opportunities for improvement in future policy or program development.
First, it is important to raise awareness among the general public on the role of nature-based solutions in
climate resiliency. As seen through these findings, the public participants’ perceptions of wetlands are
generally becoming more positive. However, due to some gaps in understanding of important wetland
functions, there were barriers in being able to defend their position. Thus, when developing future
environmental programs and policies, the findings from this research could be used to incorporate
citizens’ values within these resources, and eventually their perception using natural solutions to address
the issue of climate change. Like one of the participants said, we must change how we view ecosystems
like wetlands so that they are seen as part of the solution, an opportunity rather than a barrier.
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