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Abstract Urban stormwater management increasingly
changes urban landscapes. From rain gardens to
stormwater ponds, landscape-based practices are visible
and often accessible to community members, whose
support and experience of these practices will affect their
success. This critical narrative review addresses these
Landscape-based Stormwater Management Practices
(L-SWMPs). It assesses quantitative and qualitative
evidence for the effects of characteristics of individual
community members, L-SWMP landscape context, and
L-SWMPs themselves on community members’
perceptions, attitudes, and societal outcomes.
Characteristics of community members are most well-
studied. Environmental knowledge and past experiences of
community members have strong, consistent effects, while
the effects of demographic characteristics are weaker and
inconsistent.  Landscape  characteristics,  especially
greenspace context and neighborhood landscape norms,
consistently influence perceptions of L-SWMPs as
amenities. Effects of noticeable L-SWMP characteristics
are understudied; we argue that paying greater attention to
these characteristics may help practitioners innovate
L-SWMPs that benefit communities and receive their
support.
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INTRODUCTION
Background

The purpose of this literature review is to evaluate evidence
for factors affecting public perceptions, attitudes, and
societal outcomes related to Landscape-Based Stormwater
Management Practices (L-SWMPs), a term some landscape
architects have used to describe practices that manage
stormwater in the landscape (Backhaus and Fryd 2013).
We use this term to frame our review because, different
from some stormwater management practices, L-SWMPs
have a visible landscape component. Thus, they are likely
to directly affect community members’ experience of urban
landscapes. Drawing from among practices known as Best
Management Practices (BMPs), Low Impact Design (LID),
Green Stormwater Infrastructure (GSI), Water Sensitive
Urban Design (WSUD), or Sustainable Urban Drainage
Systems (SuDS) (Fletcher et al. 2015; Bartesaghi Koc et al.
2016), we focus on L-SWMPs because their visibility and
increasingly pervasive implementation globally in the
context of climate change and infrastructure investment
(Chang et al. 2018) affects the everyday experiences of
urban residents.

L-SWMPs, which may include swales, bioretention
gardens, urban wetlands, and stormwater detention ponds,
inherently engage public attention because they are visible
in the landscape, with implications for the well-being of
community members, as well as for public support and
cultural sustainability (Nassauer 1997). Some of their
landscape characteristics may be immediately noticeable
(Nassauer 1992; Gobster et al. 2007), directly affecting the
public’s assessment of their attractiveness, utility, safety,
and appropriateness to context. L-SWMPs perceived as
safe and attractive may provide aesthetic, recreational, real
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estate, and health benefits to urban residents (Nassauer
et al. 2021). Negative public perceptions and attitudes
toward L-SWMPs can create barriers to implementation
(Brown et al. 2016; Turner et al. 2016; Shandas et al.
2020), undermine social benefits, and prompt people to
make “improvements” that alter environmental perfor-
mance (Nassauer 2004).

Designing and managing L-SWMPs solely for
stormwater functional requirements risks failure to obtain
public support. Unlike conventional stormwater systems
that are largely hidden from public view (Leonard et al.
2019), successful design and management of L-SWMPs
require decision-makers to understand how changing
landscape to enhance stormwater management functions
may affect human experience. This will allow stormwater
professionals to develop L-SWMP designs and policies that
better align with prevalent public perceptions of desirable
landscapes. We review studies on L-SWMP perceptions,
attitudes, and societal outcomes to identify human and
landscape characteristics influencing human experience of
L-SWMPs. Evaluating the evidence about these charac-
teristics in the literature, we present a synthesis to support
policy-making, practice, and innovation of L-SWMPs.

Definitions

We define L-SWMPs as urban stormwater management
practices with a visible landscape component. We use “the
public” to mean community members who are laypeople as
distinguished from experts and decision-makers. “Percep-
tion” refers to the public’s immediate apprehensions of
L-SWMPs (Nassauer 1992). To identify human and land-
scape characteristics influencing perception in this review,
we included studies that examined: (1) the public’s beliefs
about the functions and purposes of an L-SWMP, (2) their
judgments of its safety, attractiveness, utility, naturalness,
or appropriateness, and (3) their beliefs about its benefits
and disadvantages. We use the term “attitudes” to refer to
the public’s behavioral predispositions (Eagly and Chaiken
2007) and behavioral intentions (Fishbein and Ajzen 1977)
toward L-SWMPs. While perceptions play a part in
determining attitudes toward L-SWMPs, attitudes are also
influenced by other factors such as practical concerns over
maintenance responsibility and economic incentives
(Venkataramanan et al. 2020). To identify human and
landscape characteristics influencing attitudes towards
L-SWMPs, we examined studies that investigated stated
support for L-SWMPs, hypothetical willingness to adopt or
pay, and intent to participate in stewardship activities.
Finally, we use “outcomes” to refer to realized societal
changes, e.g., actual adoption rates of L-SWMP imple-
mentation programs and effects of L-SWMPs on public
health or property value.

@ Springer

Research objectives and approach

Our review focuses on characteristics of landscapes and
individuals that influence perceptions, attitudes, and soci-
etal outcomes of L-SWMPs (see Fig. 1). We ask the fol-
lowing research questions:

(1) What individual, landscape context, and L-SWMP
characteristics have been examined in the literature?

(2) How consistent are findings on each characteristic?

(3) What causal relationships can be inferred between
these characteristics and perceptions, attitudes, and
outcomes?

To answer them, we conducted a “systematic search and
review” (c.f. Grant and Booth 2009) that combines a
critical review with a systematic search process. The lit-
erature relevant to our objectives is diverse in study design
and methods, requiring a narrative approach to synthesize
findings. To reduce bias, enhance transparency, and enable
stakeholder review, we developed systematic procedures to
identify relevant studies and extract evidence from this
heterogeneous body of literature (Bilotta et al. 2014). To
enhance the relevance of our review to practice and policy,
we focused on real and measurable characteristics of
humans and landscapes. We review three types of char-
acteristics (Fig. 1), with the following rationale for each:

(1) Characteristics of individuals: Personal factors, social
norms, past experiences, and knowledge can influence
what people notice about L-SWMPs, their under-
standing of them, and their subsequent behaviors
(Gobster et al. 2007). A better understanding of how
individual characteristics affect perceptions and atti-
tudes can help managers identify potential partici-
pants in L-SWMP programs (Shin and McCann
2018b), address the specific concerns of different
communities, and meet their expectations of land-
scape appearance.

(2) Characteristics of the landscape context in which
L-SWMPs are seen: Contextual characteristics can set
different expectations and norms for landscape
appearance (Gobster et al. 2007; Nassauer et al.
2009). Assessments of an L-SWMP’s appropriateness
and benefits may be influenced by the appearance of
its surrounding environment and existing amenities.
Understanding how contextual characteristics influ-
ence perceptions and attitudes can guide spatial
allocation and selection of L-SWMPs in retrofitting
programs.

(3) Visible characteristics of the L-SWMP: The appear-
ance of an L-SWMP can be described by a combi-
nation of visible characteristics such as size or the
presence of vegetation types. Preferences for some
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Characteristics of individuals

Age, gender, race, income, education
attainment, length of residence,
homeownership, family structure,
past experiences, social practices,
environmental knowledge and values

Characteristics of the

landscape context

Quality of nearby green space, canopy
cover, land use setting, neighborhood
landscape norms, accessibility,
property characteristics, population
density

Characteristics of the L-SWMP

Presence of wildlife, vegetation
characteristics, surface water
characteristics, form, size

Public perceptions

Immediate apprehensions of L-SWMPs; e.g. is it
attractive? natural? functional? safe?

Public attitudes

Behavioral predispositions and intentions towards
L-SWMPs; e.g. willingness to adopt and participate
in stewardship

Societal outcomes

Realized societal changes related to L-SWMPs; e.g.
effects on public health and property value

Fig. 1 Conceptualization of this review. We investigate how characteristics of individuals, landscape context and L-SWMPs influence public

perceptions, public attitudes, and societal outcomes

L-SWMP characteristics may be near-universal,
while others may vary, depending on individual
perceivers or landscape context (Kaplan 1987).
Knowing public perceptions of specific characteristics
and preferences for L-SWMP appearance can help
designers innovate practices that will be more widely
accepted.

METHODS
Literature search

We searched for relevant literature using these landscape-
based stormwater management practices and their syn-
onyms as search terms: rain gardens and bioretention sys-
tems, swales, constructed wetlands, remnant urban
wetlands, and detention basins (wet and dry). We excluded
practices that are not landscape-based, e.g., rain barrels and
permeable paving systems, green roofs, and other forms of
vertical greenery systems. We also excluded urban green
infrastructure that does not have the primary purpose of
managing stormwater (e.g., urban forests or nature pre-
serves). In addition, we excluded stream and shoreline
interventions, which have been described in previous
review papers (e.g., Kondolf and Yang 2008; Lee 2017;
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Flotemersch and Aho 2021). See Table S1 (supplementary
materials) for search terms used.

We first used Web of Science to identify relevant
English-language peer-reviewed literature published before
January 2021. To more fully access professional literature,
we then supplemented these results with a similar keyword
search in Google Scholar, focusing on the first 300 results
(Haddaway et al. 2015). Finally, backward citation
searching of relevant articles returned by Web of Science
and Google Scholar was used to identify articles that were
not returned by either search engine. This involved man-
ually searching for additional articles in reference lists.

Screening procedures and inclusion criteria

Article types returned included: peer-reviewed journal
articles, conference proceedings, undergraduate and grad-
uate dissertations, and reports from public organizations.
We screened these results by title to rapidly exclude results
that did not discuss human dimensions of L-SWMPs. Then,
we screened abstracts to exclude:

(1) Studies not including primary empirical research
(e.g., reviews, expert-only evaluations).

(2) Studies focusing only on experts or decision-makers
rather than the public.
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Perceptions

Type 1 evidence: quantitative
Quantitative evidence for the factor's
influence on public perceptions
Type 4 evidence: qualitative
evidence for the factor's

Qualitative

influence on public perceptions

Type 2 evidence: quantitative
evidence for the factor's influence
on public attitudes
Type 5 evidence: qualitative
evidence for the factor's influence

on public attitudes

Attitudes Outcomes

Type 3 evidence: quantitative
evidence for the factor's
influence on societal outcomes
Type 6 evidence: qualitative
evidence for the factor's

influence on societal outcomes

Fig. 2 Classification system for evidence presented in each study included in our review

We performed a full-text review of the remaining
studies, further excluding articles for the two reasons
above, or if:

(3) It was unclear if study participants had seen the
practice, whether in person or through visualizations.
We made this requirement because our approach is
attentive to the effects of L-SWMPs’ visible
characteristics.

(4) Multiple publications derived from the same research
project using the same dataset, with similar analytical
methods and conclusions (e.g., a journal publication
and its associated dissertation). To avoid duplicates,
we included only the most methodologically robust
publication from the study.

(5) Study reported only on L-SWMP perceptions, atti-
tudes, or outcomes but did not explicitly investigate
or discuss how characteristics of individuals, land-
scape context, or L-SWMPs may have influenced the
results.

(6) Study did not include any L-SWMP practice types
(“Literature search” section).

Quality appraisal and inclusion criteria

Study quality varied in the pool that met our screening
criteria. To focus on higher-quality studies in our analysis,
we imposed minimum quality criteria for quantitative,
qualitative, and mixed-methods studies. These criteria were
related to sampling strategy (representativeness and sample
size), data collection methods, appropriateness of analyti-
cal methods, and validity of conclusions drawn based on
findings (Table S2 in supplementary materials). The most
common reason for exclusion was an inadequate sample
(e.g., response rates too low (< 10%) or reliance on a
convenience sample introduced bias). Studies that did not
meet all criteria for the relevant method were not included
in our analysis but were considered as additional evidence
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in the related discussion, especially for characteristics for
which there was limited high-quality research. Where
reporting was insufficient for us to appraise quality
according to these criteria, we treated the study as not
meeting minimum quality requirements.

Data extraction and analysis

For each publication selected for analysis, we manually
flagged all study variables that related to perceptions,
attitudes, or social outcomes of L-SWMPs. We compiled
all of these variables as a list in Microsoft Excel (see
Table S3 in supplementary materials) and aggregated
synonymous ones from different studies into factors (see
Table S4 in supplementary materials). For example, for the
factor, informal neighborhood landscape norms, we inclu-
ded variables such as “neighborhood aesthetics/character”,
“concerns about neighbor’s opinions” (Shin and McCann
2018b), and “normative beliefs” (Drescher and Sinasac
2021). Then, for each factor, we assessed the evidence that
was presented in each study. To describe that evidence, we
developed the following classification system (Fig. 2).
Evidence Types 1, 2, and 3 are generated by using
quantitative analytical methods to directly assess the sta-
tistical relationship between a factor and public percep-
tions, attitudes, or outcomes. They rely primarily on social
survey data and may include image sorting and choice
experiment components. Evidence Types 4, 5, and 6 are
generated by qualitative research offering insight into why
certain factors may affect perception, attitudes, or out-
comes. They typically rely on semi-structured interviews,
focus group interviews, open-ended items in surveys, or
descriptions of L-SWMP project implementation. Evidence
Types 1 and 4 focus on perceptions, Types 2 and 5 focus on
attitudes, while Types 3 and 6 focus on outcomes (“Defi-
nitions ” section). We employed this classification system
to code the evidence provided in each study by factors

© The Author(s) under exclusive licence to Royal Swedish Academy of Sciences 2022
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(Table S5 in supplementary materials) in Microsoft Excel
2016.

RESULTS
Search and screening results

Fifty-eight articles were selected for full inclusion, and 34
others were drawn on as supplementary qualitative support
(Fig. 3). Most studies included were conducted in the USA
(31 of 58). Eight were in the UK, seven in Australia, five in
Canada, two in Europe (Sweden and France), and four in
Asia (China, Malaysia, and South Korea). The location of
each study is included in Table S4 in the supplementary
materials. Forty-two studies were quantitative, nine were
qualitative, and the remaining seven used mixed methods.
Twenty-nine studies included rain gardens and bioretention
facilities, thirteen included urban wetlands, ten included
wet stormwater basins, and six included dry detention
basins. Twenty-nine studies focused mainly on public
perceptions, fifteen primarily focused on attitudes, and
fourteen primarily described social outcomes.

Factor identification

From these 58 articles, we identified 32 factors related to
individual characteristics, landscape context characteris-
tics, or noticeable characteristics of L-SWMPs (Tables 1, 2
and 3). Studies may provide evidence for multiple factors
and effects. In the following sections, we summarize the
evidence for each factor.

Characteristics of individuals
Demographic characteristics

Few quantitative studies on public perceptions reported
effects of demographic characteristics, and none were
statistically significant (Mungur 1997; Dobbie 2016; Shi
et al. 2017). In contrast, studies on public attitudes toward
adoption and stewardship often found significant effects of
demographic variables. However, results were inconsistent
across these studies. For example, Baptiste et al. (2015)
found that older respondents were more likely to partici-
pate in a free rain garden adoption program in Syracuse,
New York. They postulated that age was indicative of
greater environmental knowledge and self-efficacy, which
influenced willingness to adopt. However, other willing-
ness to adopt studies in Missouri and Maryland found
negative correlations with age (Newburn et al. 2016; Shin
and McCann 2018b). We also found inconsistent results for
other demographic characteristics hypothesized to
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influence attitudes towards L-SWMPs, including length of
residency and homeownership.

In their relationship to public attitudes, gender, income,
and educational attainment were partially consistent across
studies. For these demographic characteristics, direction-
ality was consistent, but relationships were not always
statistically significant. In three out of six studies, women
were more likely to participate in the implementation and
maintenance of raingardens (Peng 2010; Baptiste et al.
2015; Shin and McCann 2018b), while gender was not
significant in the rest (Baptiste 2014; Chui and Ngai 2016;
Coleman et al. 2018). Few explanations have been pro-
posed for the influence of gender. Baptiste et al. (2015),
referencing larger environmental psychology studies (e.g.,
Dietz et al. 1998), suggested that women may be more pro-
environment. Where income and education were included
as covariates in studies, higher income and higher educa-
tional attainment were typically significantly associated
with willingness to adopt (Thurston et al. 2010; Baptiste
2014), higher willingness to pay (Chui and Ngai 2016;
Newburn and Alberini 2016) and stated intent to engage
with L-SWMP stewardship (Shandas 2015).

The presence of children in a household may influence
both perceptions of safety and amenity value of larger
L-SWMPs such as wetlands and ponds. Qualitative evi-
dence from several studies indicates that parents of young
children may be particularly concerned about drowning
risks (Baxter et al. 1985; Apostolaki 2007; Bastien et al.
2012). Syme et al. (2001)s’ finding that families with
children under 14 years old were significantly less likely to
visit urban wetland parks may support this argument. On
the other hand, qualitative and anecdotal evidence suggests
that families with children may have a greater appreciation
for the educational and recreational value of wetlands and
ponds (Manuel 2003; Leonard et al. 2014; Williams et al.
2019). This alternate perspective is supported by Abra-
movic (2000), who found that families with children were
significantly more likely to engage in recreational activities
at residential stormwater ponds.

Environmental values and knowledge

There is substantial research on how environmental values
and knowledge affect public perceptions and attitudes
toward L-SWMPs. Our analysis distinguished between (1)
prior environmental knowledge, (2) stated environmental
values and orientations, and (3) effects of informational
interventions.

Studies consistently find that greater prior environmen-
tal knowledge positively influences both perceptions and
attitudes towards L-SWMPs. For example, Kim and An
(2017) found that visitors to bioretention facilities in South
Korea had higher ratings of the aesthetics of these practices

@ Springer
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Records identified through Web of Science
(n=649)

Additional records identified through Google
Scholar (first 300 results)
(n=49)

X

Records after title screening
(n=198)

Excluded titles
(n =500)

X

Records after abstract screening
(n=94)

Excluded abstracts
(n=104)

X

Articles after full text screening
(n=63)

Pre-screened articles
from backward citations -
searching (n = 31)

\ 4

Excluded full texts
(n=33)
See section 2.2 for reasons for exclusion.

Articles appraised for quality
(n=92)

\ 4

.| supplementary evidence in discussion

Articles selected for full inclusion after
quality appraisal
(n=58)

Excluded articles used as

(n=34)
See section 2.3 for quality criteria.

Fig. 3 Screening process and quality appraisal to arrive at final set of 58 studies for full inclusion. 34 studies that did not fully meet quality

criteria (Table S1) were used as supplementary evidence where relevant

if they had prior knowledge of bioretention systems. In
Portland, Church (2015) found that formal educations in
the natural sciences helped some respondents recognize
habitat value for insects and microorganisms in small
bioretention features. Significant differences between the
perceptions of experts and laypeople have been described
in multiple studies (Maulan 2006; Cottet et al. 2013; Zhang
2013), suggesting that prior knowledge can influence what
people notice and value about what they see. The positive
influence of prior environmental knowledge on public
attitudes is widely documented in quantitative studies on
adoption intent (Peng 2010; Baptiste et al. 2015; Shin and
McCann 2018b; Mason et al. 2019). It is also emphasized

@ Springer

in case studies. A post-implementation study of a Mel-
bourne-based stormwater residential retrofitting program,
for instance, noted that prior knowledge of stormwater
management through formal education or farming experi-
ence was linked with householders’ willingness to install
raingardens (Brown et al. 2016).

A few studies have investigated if stated pro-environ-
mental values and concerns about the degradation of
downstream water bodies influence attitudes and social
outcomes, but results are mixed. A survey in Maryland
found that environmental attitudes toward the Chesapeake
Bay were highly significant in influencing stated willing-
ness to pay for rain gardens on residential property
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(Newburn and Alberini 2016). In Indiana, Gao et al. (2018)
found that adopters of rain gardens were more likely to
have protective attitudes towards their local river. How-
ever, case studies of rain garden retrofitting programs
suggest that stated pro-environmental values may not pre-
dict actual rain garden adoption. For example, Turner et al.
(2016) reported lower-than-expected resident participation
in their retrofitting program in Ohio. The post-implemen-
tation survey showed that non-participants and participants
had similar stated pro-environmental values. Relatedly,
Johnston (2017) found some homeowners did not believe
that their pro-environmental values should translate into
environmentally beneficial management of their private
yards.

There is some evidence that informational interventions
may help improve perceptions of existing L-SWMPs in
public spaces, but limited support that community education
can change attitudes about adopting L-SWMPs. Two studies
suggest that passive informational interventions (e.g., sig-
nage) may enhance public support for L-SWMPs located in
public spaces when their landscape appearance is uncon-
ventional, by acting as both a “cue to care” and enabling
spontaneous learning about their function (Church 2015;
Dobbie 2016). No study in our review specifically examined
the effect of informational interventions on public attitudes.
Some authors have speculated that observed neighborhood-
level differences in attitudes toward L-SWMPs might be
attributed to differences in outreach and educational efforts
between different communities (Baptiste et al. 2015; Shan-
das 2015; Coleman et al. 2018). However, case studies of
L-SWMP programs often describe limited participation
despite engagement and outreach efforts (Brown et al. 2016;
Monaghan et al. 2016b; Turner et al. 2016). Educational
programs for enhancing household L-SWMP participation
may be more effective if they can distinguish between likely
adopters and persistent non-adopters of L-SWMPs (Shin and
McCann, 2018b).

Past experience of flooding

Studies are largely consistent in supporting that past
experience of flooding positively influences public atti-
tudes towards L-SWMPs. Observing that knowledge of
stormwater issues in certain Syracuse, NY, neighborhoods
was unusually high and not explained by demographic
variables, Baptiste (2014) suggested that past experience of
localized flooding might affect community members’
knowledge, which may drive receptiveness to adopt rain
gardens. Subsequent studies support Baptiste’s interpreta-
tion. In Hong Kong, Chui and Ngai (2016) found that
respondents living in city districts with a history of flood-
ing were willing to pay more for green stormwater
infrastructure. Coleman et al. (2018) found that Vermont
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residents who perceived flooding or stormwater problems
in their neighborhood were more likely to be willing to
adopt rain gardens and infiltration trenches. Only Drescher
and Sinasac (2021)’s findings on flood experience were
inconsistent. They did not find any significant differences
in green infrastructure adoption behavior between neigh-
borhoods with and without a known history of flooding.
However, they suggested that it may be because knowledge
of the floods had spread across the town through the media
and social relationships.

Social practices

Attitudes toward L-SWMPs may be influenced by existing
landscape management practices. Flower garden ownership
was significantly associated with a higher willingness to
pay for rain gardens in a Maryland study (Newburn and
Alberini 2016). Shin and McCann (2018a) found that
adopters of rain gardens in Columbia, Missouri were likely
to spend more time gardening and water their lawns more
frequently. However, yard management behavior was less
useful as a predictor of adoption intention in the study as it
did not distinguish between those who are knowledgeable
about raingardens and adopters (Shin and McCann
2018a, b). It is possible that some residents who are serious
gardeners may prefer maintaining their existing gardens
over adopting an L-SWMP. In case studies, loss of gar-
dening space and confusion over how the practice affects
current yard management routines is sometimes cited as a
reason for non-participation in rain-garden retrofitting
programs (Brown et al., 2016; Turner et al., 2016).

There is also burgeoning evidence that social practices,
or routinized behaviors, influence community perceptions
and attitudes towards stewardship of L-SWMPs. In a sur-
vey of households living near two parks with integrated
SuDS features in England and Northern Ireland, Lamond
and Everett (2019) found that stated willingness to engage
in stewardship practices increased significantly when
respondents actively engaged with the site for leisure and
recreational activities (e.g., wildlife activities, families
playing games). Respondents who used the site for more
transitory or functional purposes (e.g., dog-walking, jog-
ging, cycling) were less willing to engage in stewardship
behaviors and slightly less concerned about aesthetics.

Characteristics of landscape context

Nearby greenspace

A few studies suggest that public perceptions and attitudes
can be influenced by the availability of other types of

greenspace. Pedersen et al. (2019) found that a wetland
located in a municipality with no other large greenspace
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nearby was perceived as more suitable for physical activ-
ities and providing more quality-of-life benefits than wet-
lands in municipalities with access to urban forests and city
parks. Shandas (2015) found that residents were more
likely to participate in stewardship activities when they had
identified their neighborhood as having fewer parks and
green spaces. When access to good quality greenspace is
lacking, the public may perceive greater amenity value in
L-SWMPs, and be more willing to participate in their
stewardship.

Two studies have also found significant associations
between canopy cover in residential streets and stated
willingness to adopt rain gardens (Peng 2010), as well as
actual adoption in certain neighborhoods (Lim 2018).
However, these findings may indicate a sorting effect, in
which people who are inclined to engage with green
stormwater infrastructure choose to live in areas with more
canopy cover, rather than a causal association.

Land use setting

Several studies discuss land use setting as a potential
influence, but studies designed to examine its effects
explicitly are limited. Land use setting may modify public
perceptions of L-SWMPs by drawing attention to certain
characteristics. Greenspace settings, for instance, may help
L-SWMPs be more readily recognized a being a 'natural’
amenity by the public. Nassauer (2004) found that wetlands
located in a natural context in Minnesota were perceived to
be significantly more attractive than comparable wetlands
located in non-natural settings. Apostolaki (2007) also
found that stormwater ponds located in established green-
space or against a backdrop of mature vegetation in Scot-
land and England were perceived more favorably. In
contrast, industrial land use settings may prevent the public
from recognizing the practice as a 'natural’ feature (Man-
uel 2003). In residential settings, the public may be par-
ticularly attentive to the amenity value and aesthetics of
large L-SWMPs. Large L-SWMPs that are well-integrated
in a residential neighborhood are seen as important aes-
thetic and recreational amenities (Leonard et al. 2014,
Williams et al. 2019). Pedersen et al. (2019) found that
while wetlands located in the residential outskirts of
Swedish cities were seen as more suitable for nature
appreciation, urban wetlands within a residential context
were perceived as being more suitable for social activities.

Neighborhood landscaping norms

Studies consistently highlight the importance of neighbor-
hood landscaping norms in the success of L-SWMP
implementation programs. Homeowners may be hesitant to
implement novel landscape design and management
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practices that might lead to disapproval from neighbors or
lower their property value (Monaghan et al. 2016a). Spatial
clustering of L-SWMP adoption in neighborhoods
observed in several studies further supports the importance
of landscaping norms and social influence on attitudes
towards L-SWMPs (Green et al. 2012; Turner et al. 2016;
Lim 2018). Concerns about neighbors’ opinions on yard
landscaping practices can be even more influential than
residents’ own perceptions of L-SWMP’s utility or attrac-
tiveness in determining homeowner adoption intentions
and behaviors (Descher and Sinasac 2021). Early and
potential adopters of L-SWMPs tend to be less concerned
about neighbors’ opinions of the practice (Gao et al. 2018;
Shin and McCann 2018b).

Other context characteristics

Other aspects of landscape context that have been exam-
ined in some studies include accessibility, property char-
acteristics, and population density. Studies have found that
people living adjacent to stormwater ponds tend to have
more favorable assessments of their amenity value
(Emmerling-DiNovo 1995; Abramovic 2000; Bastien et al.
2012; Monaghan et al. 2016a). This effect may reflect
sorting in the residential location decisions of people who
value access to ponds rather than a causal association.

Property characteristics, such as lot size and property
type (i.e., single- or multi-family residential), are also
thought to influence attitudes and perceptions. However,
while property characteristics have been found to influence
structural stormwater practices such as green roofs, strong
relationships are not typically found for L-SWMPs (e.g.,
Ren et al. 2020). Where property characteristics are sig-
nificant, these findings may also be explained by related
factors such as household income or family characteristics.
For example, Thurston et al. (2010) found that bid price
submitted by residents for rain gardens in a reverse auction
was significantly correlated with parcel value, but the study
did not control for household income. Syme et al. (2001)
found that owners of small lots were significantly more
likely to visit wetlands than large lot owners. However,
they attributed this finding to family characteristics rather
than dissatisfaction with home gardens as there was no
significant difference in time spent in home gardens
between the two groups.

Finally, results are inconsistent about differences in
attitudes and perceptions of people living in urban, sub-
urban, and rural areas (Rooney et al. 2015; Coleman et al.
2018; Shin and McCann 2018b). For instance, Coleman
et al. (2018) found that urban respondents were more likely
to express intention to adopt rain gardens, while Shin and
McCann (2018b) found that suburban residents were more
likely to do so.

@ Springer



1848

Ambio 2022, 51:1837-1854

Noticeable characteristics of L-SWMPs
Wildlife

Studies consistently find that observation of wildlife, par-
ticularly birds, is highly valued in L-SWMPs. Observable
bird species richness significantly enhanced perceptions of
wetland attractiveness in two studies (Mungur 1997; Nas-
sauer 2004). Attracting wildlife and supporting biodiversity
is among the most highly valued benefits of ponds and
wetlands in surveys of communities living near these
practices (Apostolaki 2007; Bastien et al. 2012; Jarvie et al.
2017). Qualitative evidence indicates that the public asso-
ciates the presence of charismatic wildlife (birds and newts,
in one instance) with naturalness and a healthy ecosystem
(Leonard et al. 2014; Monaghan et al. 2016a; Williams
et al. 2019). However, not all forms of wildlife are wel-
come. Residents often cite concerns over insects and pest
species such as rodents as reasons for non-adoption and
disapproval of small L-SWMPs (Brown et al. 2016; Turner
et al. 2016; Everett et al. 2018). Some studies report the
presence of insects as a perceived disadvantage of living
close to a pond or wetland system. Jarvie et al. (2017), for
example, found that residents ranked “attracts insects” and
“attracts rodents” as the two most significant disadvan-
tages of living near stormwater ponds. In tropical contexts
where mosquito-borne illnesses are endemic, creating
breeding habitat for these pests is a great concern (Maulan
2006; Tukima 2008).

Vegetation characteristics

Public perceptions of vegetation in L-SWMPs have been
widely studied. For certain vegetation characteristics such
as plant species selection, findings are consistent across
studies. For instance, vividly flowering plants are consis-
tently recognized as attractive by the public (Nassauer
2004; Kim and An 2017; Shi et al. 2017; Nassauer et al.
2021). Mixed reactions from the public are consistently
reported for planting schemes that include tall wetland
grasses and shrubs, with a majority of respondents finding
them messy or unattractive and a minority appreciating
their more “natural” appearance (Church 2015; Kim and
An 2017; Everett et al. 2018).

Public perceptions of other vegetation characteristics
may be context-dependent. In several studies, the presence
of trees in L-SWMPs is widely appreciated. In Victoria,
Australia, Dobbie and Green (2013) found that the pres-
ence of trees was highly noticeable to respondents, and
their presence may be associated with perceptions of nat-
uralness, healthiness, and attractiveness in wetlands. In
Portland, Oregon, Netusil et al. (2014) found higher
property sale prices when tree canopy coverage in the
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facility is greater. However, a Detroit study found that
raingarden designs which included only mown turf or
flower beds were preferred over designs with trees (Nas-
sauer et al. 2019). This study concluded that, in contexts
where personal safety is a concern, planting designs that
obscure sightlines may be perceived as undermining per-
sonal safety.

Public perceptions of planting density are similarly
context-dependent. In UK and Australian studies, well-
established L-SWMPs that are more densely planted with
mature vegetation are associated with naturalness and
healthiness, especially in greenspace contexts (Apostolaki
2007; Dobbie and Green 2013; Straka et al. 2016). Even for
small streetside L-SWMPs, some studies found a prefer-
ence for densely planted designs with mature vegetation
and recognizable diverse species (Netusil et al. 2014; Kim
and An 2017). Adkins et al. (2012) in Portland, Oregon
found that streets with “deluxe” bioretention facilities
were given higher walkability scores than those with
“regular” facilities. “Deluxe” facilities were large and
heavily planted with shrubs and forbs, while “regular”
green street facilities were mown landscape depressions
with simple planting. However, dense planting can obscure
desirable views and be associated with messiness and
neglect. In Florida, residents in a residential community
expressed reservations about shoreline vegetation as they
obscure views of the “lakes” (Monaghan et al. 2016a; Hu
et al. 2017). In Maryland, Irwin et al. (2017), suggested that
vegetation overgrowth and other maintenance issues
accrued as stormwater basins age 3.5.3 Surface water
characteristics.

Studies consistently find that surface water characteris-
tics affect public perceptions and preferences for
L-SWMPs. Across studies, residents believe that proximity
to L-SWMPs with perennial open water increases their
property value (Adams et al. 1984; Baxter et al. 1985;
Emmerling-DiNovo 1995; Monaghan et al. 2016a). Prox-
imity to large open water bodies may contribute to resi-
dential location choices (Abramovic 2000; Bastien et al.
2012). Studies on the property effects of different urban
wetland types also indicate that the public prefers those
with open water (Doss and Taff 1996; Mahan et al. 2000).
Some studies find that the public more readily recognizes
the aesthetic benefits of open water L-SWMPs than
stormwater management benefits (Adams et al. 1984;
Apostolaki 2007). When hydraulic or ecological improve-
ments affect open water views, conflicts between
stormwater managers and property owners can arise
(Monaghan et al. 2016a).

Qualitative findings indicate that the public may have
more negative perceptions of L-SWMPs with more
dynamic surface water regimes, such as infiltration-based
practices and wetlands with noticeable fluctuations. When
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water levels are drawn down in wetlands during dry sea-
sons, the public may express concern over ecosystem
health and dissatisfaction with muddiness and browning
vegetation (Manuel 2003; Leonard et al. 2014). The
appearance of standing water in infiltration-based practices
after storm events may be perceived as local flooding or a
malfunction (Church 2015; Everett et al. 2018). Concerns
about raingardens potentially causing water damage to
property are commonly cited as a reason for non-adoption
(Brown et al. 2016; Turner et al. 2016).

Studies are also consistent on public perceptions of dry
stormwater basins. While the public recognizes that they
perform essential flood control functions, they are widely
considered unattractive (Adams et al. 1984; Emmerling-
DiNovo 1995). About half of respondents in an Illinois
study felt that dry detention basins negatively influenced
the image of a subdivision, and estimated homes adjacent
to these practices were estimated to be worth 9.6% less on
average (Emmerling-DiNovo 1995). These results are
consistent with hedonic price analyses of dry detention
basins in Texas and Maryland, which found lower property
values for homes with a view of or nearby these practices
(Lee and Li 2009; Irwin et al. 2017; Sohn et al. 2020).

Finally, water quality is frequently discussed in many
qualitative studies of public perceptions of L-SWMPs.
Experts and non-experts alike prefer water that is trans-
parent, yellow-green to blue, with low turbidity, and
without emergent vegetation (Cottet et al. 2013). When the
appearance of water deviates from these standards, the
public may raise concerns, especially if they notice
unpleasant odors, algae overgrowth, muddiness, fish kills,
and the presence of litter (Baxter et al. 1985; Mungur 1997,
Walker et al. 2013; Leonard et al. 2014; Monaghan et al.
2016a).

Other noticeable characteristics

Few studies have examined public preferences for shape,
side slope, distribution, or size—immediately noticeable
characteristics of L-SWMPs. Larger practices present more
opportunities for integrating recreation and amenity func-
tions and may be more likely to be recognized as urban
nature, depending on context (Nassauer 2004; Church
2015; Kim and An 2017). In contrast to the negative effect
smaller dry basins have on property value, Lee and Li
(2009) found that a large dry basin integrated with recre-
ational facilities had a significant positive effect on nearby
property prices in Texas. In a hedonic model estimating the
effects of wetland proximity on property price, Mahan
et al. (2000) found higher property values associated with
larger nearby wetlands. Comparative case studies of water
sensitive developments in UK and Australia also found that
respondents living in developments with large ponds and
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wetlands were more likely to indicate that L-SWMPs
affected their home choice and were more positive about
their residential landscape (Bastien et al. 2012; Walker
et al. 2013; Leonard et al. 2014; Williams et al. 2019).
Property price effects of practice size have also been found
for bioretention features (Netusil et al. 2014). Respondents
in a Portland study pointed out larger rain gardens as more
representative of nature in the city with greater habitat
value than smaller streetside facilities (Church 2015).

Evidence is limited about other noticeable characteris-
tics that may influence perceptions. Steep side slopes of
wet and dry detention basins can raise concerns about the
safety of children and pets (Apostolaki 2007; Tukima
2008). Linear forms may be less preferred than areal
shapes, at least for larger wetlands (Mahan et al. 2000).
There may also be positive property price impacts when
small L-SWMPs are more spatially clustered together
(Netusil et al. 2014).

DISCUSSION

The relevance of public perceptions and attitudes for
environmental management has been emphasized in recent
reviews on natural and constructed hydrological systems
(Venkataramanan et al. 2020; Flotemersch and Aho 2021).
Our review aims to assist policy-making and innovation by
directing attention to characteristics of individuals, land-
scape context, and noticeable characteristics of L-SWMPs
that are objective, measurable, and can affect public
response to L-SWMP proposals and implementation. Here,
we consider the implications of our findings and identify
important research gaps.

Demographic characteristics are widely examined in
quantitative studies, but they are generally poor predictors,
only indirectly and inconsistently related to L-SWMP
perceptions, attitudes, or social outcomes (Baptiste 2014;
Lamond and Everett 2019). In our review, education
attainment is the most consistently predictive demographic
variable. Across studies, highly educated individuals are
more likely to have positive attitudes toward L-SWMPs.
The effect of gender is consistent directionally but weak.
Gender is significant in only a few studies. In those, women
are more likely to have positive attitudes toward
L-SWMPs. Age, homeownership, length of residency, and
family structure are significant in many studies, but the
directionality of their effect varies, with different causal
explanations proposed. For example, older people may
have greater environmental knowledge and self-efficacy
(Baptiste 2014), but they also may have more health and
mobility challenges that affect their attitudes (Shin and
McCann 2018b). Homeowners might show more interest in
L-SWMPs to protect their property from flooding, but they
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also may be more risk-averse in adopting practices that
could reduce property values. Future research to examine
causality can help decision-makers and designers develop
L-SWMP policies and innovations to meet the needs and
expectations of different communities.

Greater environmental knowledge is associated with
more positive perceptions and attitudes. Over time, as the
public develops greater environmental knowledge, their
perceptions and attitudes may become more similar to
those of experts (Flotemersch and Aho 2021), but this
similarity cannot be assumed. For decision-makers, an
important question is whether informational interventions
can effectively increase public support and participation.
The literature suggests that informational interventions
may be more effective in influencing perceptions of
L-SWMPs in public property than in private property.
Informational signage and “artful” designs (Echols 2007,
Church 2015) may enable spontaneous learning about the
function and benefits associated with labeled L-SWMPs,
while simultaneously communicating intentionality behind
unconventional landscape appearances (Nassauer 2004;
Dobbie 2016). Incorporating such design elements in
L-SWMPs in public spaces can positively influence per-
ceptions. In the context of private property, informational
interventions (e.g., public education campaigns) are limited
in effectiveness. Members of the public generally do not
consider stormwater management their responsibility
(Dobbie 2016; Johnston 2017; Nassauer et al. 2021). They
may be reluctant to change current landscape management
practices or take on perceived risks of adopting an
L-SWMP in their own yards (Brown et al. 2016; Turner
et al. 2016) when they do not perceive direct benefits.
However, experience of flooding has been associated with
more positive attitudes toward L-SWMPs in several studies
(Chui and Ngai 2016; Dean et al. 2016; Coleman et al.
2018; Mason et al. 2019). Personal experience may help
the public appreciate the value of L-SWMPs.

L-SWMP pilot projects may help increase community
interest in adoption. Leveraging the visibility of L-SWMPs
through attractive pilot projects in high-traffic areas may
increase knowledge of these practices and interest in
adoption (Montalto et al. 2013; Lim 2018). For success,
pilot L-SWMP programs also need to pay close attention to
the ease of maintaining L-SWMPs with existing landscape
management routines (Nassauer et al. 2021). People’s
attitudes towards L-SWMPs may change over time with
experience and engagement (Shandas 2015). Positive to
neutral experiences with L-SWMPs will likely foster long-
term community acceptance, while poor experiences (e.g.,
declining maintenance standards) may harden community
attitudes against them (Hammitt 2010). Paying closer
attention to how L-SWMP pilot projects may disrupt or
enhance customary behaviors and practices may help
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stormwater managers develop L-SWMP designs and ret-
rofitting programs that local residents will widely welcome.

Landscape context has implications for what types of
L-SWMPs should be located in different contexts. The
availability of other nearby greenspaces may reduce the
perceived amenity value of new L-SWMP greenspaces,
possibly dampening residents’ willingness to participate in
their stewardship. Locating L-SWMPs where greenspace
amenities are lacking may lead to more positive commu-
nity perceptions, particularly if new greenspaces are within
residential areas. This approach could also support more
equitable access to urban greenspace (Wendel et al. 2011;
Meerow and Newell 2017).

Land use context likely influences how L-SWMPs are
perceived, but quantitative studies are limited. There is
consistent evidence from multiple studies that L-SWMPs
in greenspace settings are perceived as ’natural’ and
attractive, and more positively than in other land uses.
However, it is unclear if this means that retrofitting existing
greenspaces with L-SWMPs will be well-received. In an
Italian study, Reynaud et al. (2017) suggested that there
may be positive synergistic effects of incorporating
stormwater treatment features in greenspace. However,
other hedonic price studies did not find any significant
effects of retrofitting L-SWMPs in existing parks (Hoover
et al. 2020). In some cases, the public may even prefer
greenspace without these practices. In an image-based UK
study, O’Donnell et al. (2020) found that greater preference
for greenspace without SuDS, which were perceived as
more attractive, tidier, and safer. From this, we infer that
L-SWMPs may be most welcomed in, or adjacent to,
underutilized urban spaces or as part of establishing new
parks or open spaces rather than in visible areas of well-
established parks. For other land use contexts, further
research is needed to anticipate how L-SWMPs can be
perceived as benefiting local communities.

There is consistent evidence that neighborhood land-
scape norms affect public attitudes toward L-SWMPs.
Internalized social rules and conventions govern many
landscaping practices in residential areas (Li and Nassauer
2020), both informally and through neighborhood associ-
ations that hold members to certain yard maintenance
standards. Neighborhood landscape norms may be even
more important than the individuals’ perceptions of a
practice in determining landscape management behaviors
(Drescher and Sinasac 2021). This implies that persuading
individual homeowners to adopt L-SWMPs that deviate
from existing neighborhood norms may not be the most
effective way to scale up L-SWMP implementation.
Instead, design and engagement efforts should be focused
at the scale of a neighborhood development. A unified
neighborhood-scale plan may help to circumvent
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individual householders’ concerns about affecting “neigh-
borhood character” (Turner et al. 2016).

More quantitative studies are needed that address public
perceptions and attitudes specifically influenced by
noticeable L-SWMP. Evidence that is well-established for
aquatic systems more generally is also consistent for a few
characteristics of L-SWMPs. For example, the presence of
birds and large areas of open water in a practice are well-
received. Vividly flowering species are consistently rec-
ognized as attractive. Larger practices tend to be perceived
as more natural and providing more amenity benefits
(Nassauer 2004; Lee and Li 2009). L-SWMPs that incor-
porate each of these characteristics are most likely to be
well-received by the public. However, noticeable charac-
teristics of L-SWMPs are often minimally or not described
in the studies reviewed. Survey instruments do not always
provide example images to establish an understanding of
the appearance of the practice. This can be problematic,
given typically low levels of public awareness and
knowledge about L-SWMPs (Venkataramanan et al. 2020).
Where study outcomes vary, we suggest this may be related
to unexamined differences in the appearance of L-SWMPs.
Visually important characteristics such as size, presence of
open water, and vegetation design can vary greatly in
L-SWMP case studies. However, studies seldom examine
these distinctions in their research design and analyses.
Critically, opportunities to modify or innovate L-SWMPs
designs to respond to community preferences remain
unrealized.

LIMITATIONS

Some limitations of our review affect its applicability to
practice and policy. First, the studies reviewed are pre-
dominantly conducted in North America (specifically the
US and Canada), Europe (UK), and Australia. There may
be broader cultural differences influencing public percep-
tions and attitudes that limit the generalizability of this
review to other cultural contexts. In addition, the geogra-
phy of these studies over-represents temperate and conti-
nental climates. Differences in hydrologic regimes and
human experiences in places with tropical and arid climates
may lead to differences in functional requirements for
L-SWMPs and differences in public perceptions and atti-
tudes (Burmil et al. 1999). For instance, in tropical and
subtropical regions where diseases spread by mosquito
vectors are endemic, the public may be especially con-
cerned about surface water characteristics and planting
designs that can enable stagnant water to accumulate.
Finally, the characteristics we have reviewed are not con-
ceptually exhaustive but include only those that have been
explicitly examined in the literature we selected.
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CONCLUSION

This review sought to synthesize L-SWMP literature to
identify research gaps and inform practitioners and deci-
sion-makers about how public perceptions, attitudes, and
behaviors might better support desired hydrologic out-
comes. We conclude with some key conclusions for prac-
tice, policy, and future research.

Considering characteristics of individual community
members of the public, we found that an individual’s
environmental knowledge and past experience of
stormwater problems like flooding has a stronger and more
consistent influence on public perception, attitudes, and
outcomes than demographic variables. The effectiveness of
informational interventions and public education cam-
paigns may differ between L-SWMPs in private and public
contexts. Providing information about their socioenviron-
mental benefits may improve community perceptions of
L-SWMPs in public spaces, but may not be sufficient to
change attitudes and landscape management behaviors on
private property when direct personal benefits are not
obvious.

The landscape context of an L-SWMP is likely to
influence its perceived amenity value, which influences
public attitudes and outcomes. Practices placed in resi-
dential contexts that lack access to high-quality greenspace
may be more valued and could address existing greenspace
inequities. The strong influence of neighborhood landscape
norms suggests that L-SWMP retrofitting plans that target
individual householders may not be well-received if the
practice deviates from existing landscape norms. Instead,
retrofitting or developing L-SWMPs with respect for norms
at the neighborhood scale may be more effective. We urge
greater attention to existing community preferences, prac-
tices, and customary behaviors when L-SWMPs are pro-
posed and implemented. We highlight the importance of
reliable maintenance of L-SWMPs that fits with neigh-
borhood norms.

Finally, we identified some widely-valued L-SWMP
characteristics—the presence of birds, large areas of open
water, and vividly flowering plants. Incorporating these
characteristics in L-SWMPs may improve perceptions,
attitudes, and societal outcomes. More attention to
noticeable characteristics is needed to inform L-SWMP
design and maintenance decisions and innovations. This
attention should extend to relationships between these
noticeable characteristics and the ecological and hydro-
logic functions of L-SWMPs. Our review suggests that
perceptions, attitudes, and behaviors are affected by
noticeable landscape characteristics, but the implications of
these characteristics for design and management should be
considered in concert with their environmental and
hydrologic effects. For instance, meeting community
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preferences for open water that fluctuates minimally has
implications for storage volume and pollutant removal
(Wong et al. 1999). Several characteristics of L-SWMP
vegetation impacting their aesthetic appeal are also bio-
logically significant in affecting water uptake and nutrient
assimilation (Rippy et al. 2021). Contrasting the amenity
benefits of larger L-SWMPs with limited success in per-
vasive adoption of small L-SWMPs has implications for
implementing a hydrologically optimal mix of practices
under different stormwater management contexts. With
more complete knowledge of the influence of L-SWMP
characteristics on public perceptions, attitudes, and
behaviors, decision-makers may be able to design inno-
vations that ensure community acceptance while support-
ing ecological functions and meeting stormwater
performance requirements.

Acknowledgements We gratefully acknowledge support from the
US National Science Foundation for this work: SCC-IRF 1737432.
Overcoming Social and Technical Barriers for the Broad Adoption of
Smart Stormwater Systems, and support for Yuanqgiu Feng by the
National University of Singapore and Rackham Graduate School,
including the Barbour Scholars program.

REFERENCES

Abramovic, F.T. 2000. Regina’s stormwater retention pond subdivi-
sions: An analysis of residents’ behaviour, perceptions and
environmental experiences. Regina, Saskatchewan, Canada:
University of Regina.

Adams, L.W., L.E. Dove, and D.L. Leedy. 1984. Public attitudes
toward urban wetlands for stormwater control and wildlife
enhancement. Wildlife Society Bulletin 12: 299-303.

Adkins, A., J. Dill, G. Luhr, and M. Neal. 2012. Unpacking
walkability: Testing the influence of urban design features on
perceptions of walking environment attractiveness. Journal of
Urban Design 17: 499-510.

Apostolaki, S. 2007. The social dimension of stormwater management
practices including sustainable urban drainage systems and
river management options. Dundee, Scotland, UK: The Univer-
sity of Abertay Dundee.

Backhaus, A., and O. Fryd. 2013. The aesthetic performance of urban
landscape-based stormwater management systems: A review of
twenty projects in Northern Europe. Journal of Landscape
Architecture 8: 52-63.

Baptiste, A.K. 2014. “Experience is a great teacher”: Citizens’
reception of a proposal for the implementation of green
infrastructure as stormwater management technology. Commu-
nity Development 45: 337-352.

Baptiste, A.K., C. Foley, and R. Smardon. 2015. Understanding urban
neighborhood differences in willingness to implement green
infrastructure measures: A case study of Syracuse, NY. Land-
scape and Urban Planning 136: 1-12.

Bartesaghi Koc, C., P. Osmond, and A. Peters. 2016. Towards a
comprehensive green infrastructure typology: A systematic
review of approaches, methods and typologies. Urban Ecosys-
tems 20: 15-35.

Bastien, N., S. Arthur, and M. McLoughlin. 2012. Valuing amenity:
Public perceptions of sustainable drainage systems ponds. Water
and Environment Journal 26: 19-29.

@ Springer

Baxter, E., G. Mulamoottil, and D. Gregor. 1985. A study of
residential stormwater impoundments: Perceptions and policy
implications. JAWRA Journal of the American Water Resources
Association 21: 83-88.

Bilotta, G.S., A.M. Milner, and I. Boyd. 2014. On the use of
systematic reviews to inform environmental policies. Environ-
mental Science & Policy 42: 67-77.

Brown, HLL., D.G. Bos, C.J. Walsh, T.D. Fletcher, and S.
RossRakesh. 2016. More than money: How multiple factors
influence householder participation in at-source stormwater
management. Journal of Environmental Planning and Manage-
ment 59: 79-97.

Burmil, S., T.C. Daniel, and J.D. Hetherington. 1999. Human values
and perceptions of water in arid landscapes. Landscape and
Urban Planning 44: 99-109.

Chang, N.-B., J.-W. Lu, T.F.M. Chui, and N. Hartshorn. 2018. Global
policy analysis of low impact development for stormwater
management in urban regions. Land Use Policy 70: 368-383.

Chui, T.FM., and W.Y. Ngai. 2016. Willingness to pay for
sustainable drainage systems in a highly urbanised city: A
contingent valuation study in Hong Kong. Water and Environ-
ment Journal 30: 62—69.

Church, S.P. 2015. Exploring Green Streets and rain gardens as
instances of small scale nature and environmental learning tools.
Landscape and Urban Planning 134: 229-240.

Coleman, S., S. Hurley, D. Rizzo, C. Koliba, and A. Zia. 2018. From
the household to watershed: A cross-scale analysis of residential
intention to adopt green stormwater infrastructure. Landscape
and Urban Planning 180: 195-206.

Cottet, M., H. Piégay, and G. Bornette. 2013. Does human perception
of wetland aesthetics and healthiness relate to ecological
functioning? Journal of Environmental Management 128:
1012-1022.

Dean, A.J., K.S. Fielding, and F.J. Newton. 2016. Community
knowledge about water: Who has better knowledge and is this
associated with water-related behaviors and support for water-
related policies? PLoS ONE 11: e0159063.

Descher, M., and S. Sinasac. 2021. Social-psychological determinants
of the implementation of green infrastructure for residential
stormwater management. Environmental Management 67:
308-322.

Dietz, T., P.C. Stern, and G.A. Guagnano. 1998. Social structural and
social psychological bases of environmental concern. Environ-
ment and Behavior 30: 450-471.

Dobbie, M. 2016. Designing raingardens for community acceptance.
Melbourne, Australia: Cooperative Research Centre for Water
Sensitive Cities.

Dobbie, M., and R. Green. 2013. Public perceptions of freshwater
wetlands in Victoria, Australia. Landscape and Urban Planning
110: 143-154.

Doss, C., and S. Taff. 1996. The influence of wetland type and
wetland proximity on residential property values. Journal of
Agricultural and Resource Economics 21: 30992.

Drescher, M., and S. Sinasac. 2021. Social-psychological determi-
nants of the implementation of green infrastructure for residen-
tial stormwater management. Environmental Management 67:
308-322.

Eagly, A.H., and S. Chaiken. 2007. The advantages of an inclusive
definition of attitude. Social Cognition 25: 582-602.

Echols, S. 2007. Artful rainwater design in the urban landscape.
Journal of Green Building 2: 101-122.

Emmerling-DiNovo, C. 1995. Stormwater detention basins and
residential locational decisions. JAWRA Journal of the American
Water Resources Association 31: 515-521.

Everett, G., J. Lamond, A.T. Morzillo, A.M. Matsler, and F.K.S.
Chan. 2018. Delivering Green Streets: An exploration of

© The Author(s) under exclusive licence to Royal Swedish Academy of Sciences 2022
www.kva.se/en



Ambio 2022, 51:1837-1854

1853

changing perceptions and behaviours over time around bioswales
in Portland, Oregon. Journal of Flood Risk Management 11:
S973-S985.

Fishbein, M., and 1. Ajzen. 1977. Belief, attitude, intention, and
behavior: An introduction to theory and research. Philosophy
and Rhetoric 10 (2): 12.

Fletcher, T.D., W. Shuster, W.F. Hunt, R. Ashley, D. Butler, S.
Arthur, S. Trowsdale, S. Barraud, et al. 2015. SUDS, LID,
BMPs, WSUD and more: The evolution and application of
terminology surrounding urban drainage. Urban Water Journal
12: 525-542.

Flotemersch, J., and K. Aho. 2021. Factors influencing perceptions of
aquatic ecosystems. Ambio 50: 425-435. https://doi.org/10.1007/
$13280-020-01358-0.

Gao, Y.L., S.P. Church, S. Peel, and L.S. Prokopy. 2018. Public
perception towards river and water conservation practices:
Opportunities for implementing urban stormwater management
practices. Journal of Environmental Management 223: 478-488.

Gobster, P.H., J.I. Nassauer, T.C. Daniel, and G. Fry. 2007. The
shared landscape: What does aesthetics have to do with ecology?
Landscape Ecology 22: 959-972.

Grant, M.J., and A. Booth. 2009. A typology of reviews: An analysis
of 14 review types and associated methodologies. Health
Information & Libraries Journal 26: 91-108.

Green, O.0., W.D. Shuster, L.K. Rhea, A.S. Garmestani, and H.W.
Thurston. 2012. Identification and induction of human, social,
and cultural capitals through an experimental approach to
stormwater management. Sustainability 4: 1669—1682.

Haddaway, N.R., A.M. Collins, D. Coughlin, and S. Kirk. 2015. The
role of google scholar in evidence reviews and its applicability to
grey literature searching. PLoS ONE 10: e0138237.

Hammitt, S. 2010. Toward sustainable stormwater management:
overcoming barriers to green infrastructure. Boston, USA:
Massachussetts Institute of Technology.

Hedges, L.V., and I. Olkin. 1980. Vote-counting methods in research
synthesis. Psychological Bulletin 88: 359-369.

Hoover, F.A., J.I. Price, and M.E. Hopton. 2020. Examining the
effects of green infrastructure on residential sales prices in
Omaha, Nebraska. Urban Forestry & Urban Greening 54:
45-89.

Hu, S., G. Hansen, and P. Monaghan. 2017. Optimizing shoreline
planting design for urban residential stormwater systems:
Aligning visual quality and environmental functions. HortTech-
nology 27: 310-318.

Irwin, N.B., H.A. Klaiber, and E.G. Irwin. 2017. Do stormwater
basins generate co-benefits? Evidence from Baltimore County,
Maryland. Ecological Economics 141: 202-212.

Jarvie, J., S. Arthur, and L. Beevers. 2017. Valuing multiple benefits,
and the public perception of SUDS ponds. Water 9: 128.

Johnston, I.T. 2017. Diffusion of innovations and decentralized green
stormwater infrastructure: A case study of the headwaters of
waller creek watershed. Austin, Texas: The University of Texas
at Austin.

Kaplan, S. 1987. Aesthetics, affect, and cognition: environmental
preference from an evolutionary perspective. Environment and
Behavior 19: 3-32.

Kim, S., and K. An. 2017. Exploring psychological and aesthetic
approaches of bio-retention facilities in the urban open space.
Sustainability 9: 2067.

Kondolf, G.M., and C.-N. Yang. 2008. Planning river restoration
projects: social and cultural dimensions. River Restoration 424:
3-60.

Lamond, J., and G. Everett. 2019. Sustainable Blue-Green Infras-
tructure: A social practice approach to understanding community
preferences and stewardship. Landscape and Urban Planning
191: 103639.

© The Author(s) under exclusive licence to Royal Swedish Academy of Sciences 2022
www.kva.se/en

Lee, J.S., and M.-H. Li. 2009. The impact of detention basin design
on residential property value: Case studies using GIS in the
hedonic price modeling. Landscape and Urban Planning 89:
7-16.

Lee, L.-H. 2017. Perspectives on landscape aesthetics for the
ecological conservation of wetlands. Wetlands 37: 381-389.
Leonard, R., S. Iftekhar, M. Green and A. Walton. 2019. Community
Perceptions of the Implementation and Adoption of WSUD
Approaches for Stormwater Management. Approaches to Water

Sensitive Urban Design, Elsevier, pp. 499-522.

Leonard, R., A. Walton, B. Koth, M. Green, A. Spinks, B. Myers, S.
Malkin, A. Mankad, et al. 2014. Community acceptance of water
sensitive urban design: six case studies. Goyder Institute for
Water Research, Adelaide, Australia.

Li, J., and J.I. Nassauer. 2020. Cues to care: A systematic analytical
review. Landscape and Urban Planning 201: 103821.

Lim, T.C. 2018. An empirical study of spatial-temporal growth
patterns of a voluntary residential green infrastructure program.
Journal of Environmental Planning and Management 61:
1363-1382.

Mahan, B.L., S. Polasky, and R.M. Adams. 2000. Valuing urban
wetlands: a property price approach. Land Economics 15:
100-113.

Manuel, P.M. 2003. Cultural perceptions of small urban wetlands:
Cases from the Halifax regional municipality, Nova Scotia,
Canada. Wetlands 23: 921-940.

Mason, L.R., K.N. Ellis, and J.M. Hathaway. 2019. Urban flooding,
social equity, and “backyard” green infrastructure: An area for
multidisciplinary practice. Journal of Community Practice 27:
334-350.

Maulan, S. 2006. A perceptual study of wetlands: Implications for
wetland restoration in the urban area in Malaysia. Environmental
Design and Planning. Blacksburg, Virginia: Virginia Polytech-
nic Institute and State University.

Meerow, S., and J.P. Newell. 2017. Spatial planning for multifunc-
tional green infrastructure: Growing resilience in Detroit.
Landscape and Urban Planning 159: 62-75.

Monaghan, P., S. Hu, G. Hansen, E. Ott, C. Nealis, and M. Morera.
2016a. Balancing the ecological function of residential stormwa-
ter ponds with homeowner landscaping practices. Environmental
Management 58: 843-856.

Montalto, F.A., T.A. Bartrand, A.M. Waldman, K.A. Travaline, C.H.
Loomis, C. McAfee, J.M. Geldi, G.J. Riggall, et al. 2013.
Decentralised green infrastructure: The importance of stake-
holder behaviour in determining spatial and temporal outcomes.
Structure and Infrastructure Engineering 9: 1187-1205.

Mungur, A.S. 1997. The performance and perception of wetland
systems for the treatment of highway runoff. London, England:
Urban Pollution Research Centre Middlesex University.

Nassauer, J.I. 1992. The appearance of ecological systems as a matter
of policy. Landscape Ecology 6: 239-250.

Nassauer, J.I. 1997. Cultural sustainability: Aligning aesthetics and
ecology. Washington DC: Island Press.

Nassauer, J.I. 2004. Monitoring the success of metropolitan wetland
restorations: Cultural sustainability and ecological function.
Wetlands 24: 756.

Nassauer, J.I., N. Sampson, N. Webster, M. Dewar, S.P. McElmurry,
G. AJ. Burton and C. Riseng. 2019. Green stormwater
infrastructure on vacant land: An integrated assessment with
implications for Detroit (NEW-GI White Paper no. 3). Neigh-
bourhood, Environment and Water Research Collaborations for
Green Infrastructure. Ann Arbor, University of Michigan Water
Center.

Nassauer, J.I., Z. Wang, and E. Dayrell. 2009. What will the
neighbors think? Cultural norms and ecological design. Land-
scape and Urban Planning 92: 282-292.

@ Springer


https://doi.org/10.1007/s13280-020-01358-0
https://doi.org/10.1007/s13280-020-01358-0

1854

Ambio 2022, 51:1837-1854

Nassauer, J.I., N.J. Webster, N. Sampson, and J. Li. 2021. Care and
safety in neighborhood preferences for vacant lot greenspace in
legacy cities. Landscape and Urban Planning 214: 104156.

Netusil, N.R., Z. Levin, V. Shandas, and T. Hart. 2014. Valuing green
infrastructure in Portland, Oregon. Landscape and Urban
Planning 124: 14-21.

Newburn, D.A., and A. Alberini. 2016. Household response to
environmental incentives for rain garden adoption. Water
Resources Research 52: 1345-1357.

O’Donnell, E., S. Maskrey, G. Everett, and J. Lamond. 2020.
Developing the implicit association test to uncover hidden
preferences for sustainable drainage systems. Philosophical
Transactions of the Royal Society A 378: 20190207.

Pedersen, E., S.E.B. Weisner, and M. Johansson. 2019. Wetland
areas’ direct contributions to residents’ well-being entitle them
to high cultural ecosystem values. Science of the Total
Environment 646: 1315-1326.

Peng, W. 2010. Mapping environmental attitudes toward green
infrastructure alternatives to traditional storm-water manage-
ment: A case study in Syracuse, NY. Ann Arbor, State University
of New York College of Environmental Science and Forestry.
1488658: 130.

Ren, Q., A. Zia, D.M. Rizzo, and N. Mathews. 2020. Modeling the
Influence of Public Risk Perceptions on the Adoption of Green
Stormwater Infrastructure: An Application of Bayesian Belief
Networks Versus Logistic Regressions on a Statewide Survey of
Households in Vermont. Water 12: 2793.

Reynaud, A., D. Lanzanova, C. Liquete, and B. Grizzetti. 2017.
Going green? Ex-post valuation of a multipurpose water
infrastructure in Northern Italy. Ecosystem Services 27: 70-81.

Rippy, M.A., L. Krauss, G. Pierce, and B. Winfrey. 2021. Plant
functional traits and viewer characteristics co-regulate cultural
services provisioning by stormwater bioretention. Ecological
Engineering 168: 106284.

Rooney, R.C., L. Foote, N. Krogman, J.K. Pattison, M.J. Wilson, and
S.E. Bayley. 2015. Replacing natural wetlands with stormwater
management facilities: Biophysical and perceived social values.
Water Research 73: 17-28.

Shandas, V. 2015. Neighborhood change and the role of environ-
mental stewardship: A case study of green infrastructure for
stormwater in the City of Portland, Oregon, USA. Ecology and
Society 20 (3): 485.

Shandas, V., A.M. Matsler, L. Caughman, and A. Harris. 2020.
Towards the implementation of green stormwater infrastructure:
Perspectives from municipal managers in the Pacific Northwest.
Journal of Environmental Planning and Management 63:
959-980.

Shi, Y., R. Wu, M. Chen, H. Jin, Z. Bao, H. Yan, and F. Yang. 2017.
Understanding perceptions of plant landscaping in LID: Seeking
a sustainable design and management strategy. Journal of
Sustainable Water in the Built Environment 3: 05017003.

Shin, D., and L. McCann. 2018a. Enhancing adoption studies: The
case of residential stormwater management practices in the
midwest. Agricultural and Resource Economics Review 47:
32-65.

Shin, D.W., and L. McCann. 2018b. Analyzing differences among
non-adopters of residential stormwater management practices.
Landscape and Urban Planning 178: 238-247.

Sohn, W., H.W. Kim, J.H. Kim, and M.H. Li. 2020. The capitalized
amenity of green infrastructure in single-family housing values:
An application of the spatial hedonic pricing method. Urban
Forestry & Urban Greening 49: 485.

Straka, T.M., D. Kendal, and R. van der Ree. 2016. When ecological
information meets high wildlife value orientations: Influencing
preferences of nearby residents for urban wetlands. Human
Dimensions of Wildlife 21: 538-554.

@ Springer

Syme, G.J., D.M. Fenton, and S. Coakes. 2001. Lot size, garden
satisfaction and local park and wetland visitation. Landscape and
Urban Planning 56: 161-170.

Thurston, HW., M.A. Taylor, W.D. Shuster, A.H. Roy, and M.A.
Morrison. 2010. Using a reverse auction to promote household
level stormwater control. Environmental Science & Policy 13:
405-414.

Tukima, I. 2008. Public Perception and Acceptance of the Sustainable
Urban Drainage System (SUDS) in Housing Schemes in
Malaysia. Landscape. Sheffield, UK: University of Sheffield.

Turner, V.K., K. Jarden, and A. Jefferson. 2016. Resident perspec-
tives on green infrastructure in an experimental suburban
stormwater management program. Cities and the Environment
(CATE) 9: 4.

Venkataramanan, V., D. Lopez, D.J. McCuskey, D. Kiefus, R.I.
McDonald, W.M. Miller, A.L. Packman, and S.L. Young. 2020.
Knowledge, attitudes, intentions, and behavior related to green
infrastructure for flood management: A systematic literature
review. Science of the Total Environment 720: 137606.

Walker, C., J.-L. Lampard, A. Roiko, N. Tindale, A. Wiegand, and P.
Duncan. 2013. Community well-being as a critical component of
urban lake ecosystem health. Urban Ecosystems 16: 313-326.

Wendel, HE., J.A. Downs, and J.R. Mihelcic. 2011. Assessing
equitable access to urban green space: The role of engineered
water infrastructure. Environmental Science and Technology 45:
6728-6734.

Williams, J., R. Jose, C. Moobela, D. Hutchinson, R. Wise, and M.
Gaterell. 2019. Residents’ perceptions of sustainable drainage
systems as highly functional blue green infrastructure. Land-
scape and Urban Planning 190: 103610.

Wong, T.H.F., P. Breen and N. L. Somes. 1999. Ponds vs wetlands—
Performance considerations in stormwater quality management.
pp 223-231. First South Pacific Conference, Auckland New
Zealand.

Zhang, B. 2013. The Aesthetic Attributes of Green Infrastructure: A
Study of the Perceptions of Beauty, Ecological Significance, and
Naturalness for a Stormwater Treatment Area by Three College
Populations with Different Educational Backgrounds, Florida,
USA: University of Florida.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

AUTHOR BIOGRAPHIES

Yuangiu Feng (D<) is a doctoral candidate at the School for Envi-
ronment and Sustainability, University of Michigan Ann Arbor. Her
research interests include ecological design and social dimensions of
urban stormwater management.

Address: School for Environment and Sustainability, University of
Michigan, Dana Building, 440 Church Street, Ann Arbor, MI 48109,
USA.

e-mail: yuanqiu@umich.edu

Joan Nassauer is a Professor in the School for Environment and
Sustainability, University of Michigan. She uses a design-in-science
approach to build socio-environmental knowledge of metropolitan
and rural landscapes. Lab www.joan-nassauer.com

Address: School for Environment and Sustainability, University of
Michigan, Dana Building, 440 Church Street, Ann Arbor, MI 48109,
USA.

e-mail: nassauer @umich.edu

© The Author(s) under exclusive licence to Royal Swedish Academy of Sciences 2022
www.kva.se/en


http://www.joan-nassauer.com

	Community experiences of landscape-based stormwater management practices: A review
	Abstract
	Introduction
	Background
	Definitions
	Research objectives and approach

	Methods
	Literature search
	Screening procedures and inclusion criteria
	Quality appraisal and inclusion criteria
	Data extraction and analysis

	Results
	Search and screening results
	Factor identification
	Characteristics of individuals
	Demographic characteristics
	Environmental values and knowledge
	Past experience of flooding
	Social practices

	Characteristics of landscape context
	Nearby greenspace
	Land use setting
	Neighborhood landscaping norms
	Other context characteristics

	Noticeable characteristics of L-SWMPs
	Wildlife
	Vegetation characteristics
	Other noticeable characteristics


	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References




