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Abstract 

 
Cities worldwide are exploring nature-based solutions (NBS) for climate change 

adaptation and sustainable development. To innovatively use nature to tackle societal 

challenges, thinking around NBS increasingly focuses on practices that integrate 

engineering and technological components with natural processes. Such novel NBS are 

especially relevant in urban contexts where land is limited and environmental stressors 

such as disturbance and pollution are present. This dissertation calls attention to a rarely 

considered implication of novel NBS: they may introduce noticeable yet unfamiliar 

changes and affect how people perceive everyday urban landscapes. These perceptions 

can influence local community members' well-being and support for NBS adoption. A 

deeper understanding of community members' perceptions of novel NBS can inform 

their design, implementation, and assessment to realize more reliable and sustained 

community co-benefits. 

This dissertation presents three key chapters that are prepared as journal articles. 

Chapter 2 identifies everyday landscape experiences as an essential cultural 

ecosystem service and connects them with the social impacts of and local communities' 

support for NBS. Focusing on NBS managed by smart systems, it speculates their 

potential negative influences on everyday urban nature experiences and how to address 

this issue in NBS development. This chapter lays the conceptual basis for this 

dissertation. 

Chapter 3 investigates how microscale landscape elements may affect 

community members' perceptions of novel NBS through the example of retention ponds 

where smart systems manage stormwater storage. It examines both the effects of 

individual microscale elements on perceptions of smart ponds and the interacting effects 

of water level and other elements affected by design choices. 
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Chapter 4 applies "risk as feelings" to understand how people perceive visible 

stormwater dynamics in everyday urban landscapes, considering both uncontrolled 

localized flooding and intentional stormwater detention in novel vs. traditional NBS 

measures. It examines how experiences of localized flooding and other contextual and 

socio-demographic factors may affect perceived urban flood risks and the perceived 

safety of different NBS practices for stormwater management. 

This dissertation connects different knowledge domains and employs 

quantitative social science methods to contribute to the understanding of public 

perception of novel NBS. It demonstrates that community members' perceptions can be 

affected by what is perceivable and manageable in the landscape, as well as their lived 

experiences and socio-demographic characteristics. This work has implications for the 

planning, design, and management of novel NBS to better address community members' 

experiences and gain broader societal support. 
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Chapter 1 Introduction 

 

Nature-based solutions (NBS) broadly denotes actions that are “inspired by, 

supported by or copied from nature” (European Commission, 2015, p.5) to address 

complex societal challenges. They have gained tremendous attention in policy, practice, 

and research in recent years for potential application in climate change adaptation and 

sustainable development (Castellar et al., 2021; Hobbie & Grimm, 2020; Osaka et al., 

2021; Seddon et al., 2020). Compared to previous concepts for managing ecosystems 

and natural processes to offer multiple social and ecological benefits, NBS embraces a 

much broader range of interventions and an explicit goal of addressing complex societal 

challenges (Dorst et al., 2019; Nesshover et al., 2017). While such a conceptualization 

has led to debates on what counts as “nature-based,” it also allows transdisciplinary 

collaborations and invites “outside the box thinking” (Nesshover et al., 2017; Osaka et 

al., 2021).  

Notably, there is a call for NBS supported by engineering and technological 

components that move away from a neat delineation between “green” and “grey”, 

especially in urban contexts (Castellar et al., 2021; Eggermont et al., 2015; Hobbie & 

Grimm, 2020; Ossola & Lin, 2021; Seddon et al., 2020). Such integrated, novel 

solutions may provide targeted services in a smaller land footprint (Snep et al., 2020). 

They may also better cope with urban environmental stressors that are likely to be 

exacerbated by climate change, such as urban heat islands and concentration of 

stormwater runoff, than green or grey measures alone (Castellar et al., 2022; Ossola & 

Lin, 2021; Seddon et al., 2020). This dissertation defines novel NBS as practice
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employing innovative technology and engineering to actively manage plants, water, and 

soils in urban landscapes to address specific climate change impacts. Examples of novel 

NBS include street trees, green roofs, and stormwater retention ponds managed by 

“smart” systems (Goddard et al., 2021; Kerkez et al., 2016; Nitoslawski et al., 2019; 

Snep et al., 2020); and urban spaces that are specifically engineered to accommodate 

temporary inundation (Silva & Costa, 2018).  

A topic that has received scant attention in the literature is how the general 

public and local community members perceive novel NBS practices proposed in 

everyday urban landscapes. Public perception is a critical dimension for NBS 

implementation and provision of co-benefits (Anderson & Renaud, 2021). People do 

not always welcome NBS in their communities, and resistance to adoption or tradeoffs 

among different benefits can occur when an NBS is perceived as unpleasant, unsafe, or 

harming sense of place (Frantzeskaki, 2019; Han & Kuhlicke, 2019; Silva & Costa, 

2018).  

This dissertation aims to address this knowledge gap, emphasizing the 

immediately perceivable landscape characteristics that can be affected by design, 

planning, and management. Landscape appearance offers a direct and meaningful way 

for people to experience and comprehend environmental phenomena and prompts 

affective responses, the rapid feelings of like or dislike, with implications for well-being 

and actions to change a landscape (Andersson et al., 2015; Dronova, 2019; Gobster et 

al., 2007).  

Chapter 2 lays the conceptual foundation for this dissertation. It discusses the 

importance of pleasant everyday experiences of urban nature, connecting these 

experiences with the social impacts of novel NBS and local communities’ support for 

their adoption. Drawing on various knowledge domains, including aesthetics, landscape 

architecture, environmental psychology, ecosystem services, and behavioral economics, 

this chapter describes what makes everyday experiences of urban nature pleasant and 

the potential well-being and social-cultural benefits of such experiences. It elucidates 

how landscape experiences depend on perceivable landscape characteristics that are 
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only sometimes directly linked to environmental functions. Then it speculates how 

novel NBS that adopt smart management systems may noticeably and pervasively 

change urban landscapes, sometimes with unintended negative impacts on everyday 

urban nature experiences.   

Building on ideas discussed in Chapter 2, Chapters 3 and 4 report two empirical 

studies on community members’ perceptions of novel NBS, focusing on examples in 

urban stormwater management. These two studies analyzed data collected in a survey of 

three US cities to investigate how perceptions of novel NBS may relate to what is 

immediately perceivable in the landscape and community members' lived experiences 

and characteristics. 

Chapter 3 examines the effects of microscale landscape elements on community 

members’ perceptions of “smart” retention ponds. These ponds adopt smart systems that 

can manipulate water levels to enhance stormwater management functions. However, 

the different water level states may influence the pleasant experiences offered by ponds. 

At the same time, other microscale elements (i.e., land use context, basin slope, and 

surrounding plants) affected by landscape planning, design, and management choices 

may also influence perceptions of smart ponds. Therefore, three questions are 

addressed: 1) How does water level relate to smart ponds' perceived safety, 

attractiveness, and neatness? 2) How do other design elements relate to these 

perceptions? 3) Are the effects of water level on perceptions moderated by these design 

elements? Answers to these questions shed light on how the immediately noticeable 

characteristics of novel NBS, rather than their environmental functions, may affect 

community members’ perceptions. They also offer insights into the landscape design 

and management of smart ponds and other NBS practices to better address community 

members’ experiences. 

Chapter 4 investigates how experiences of localized flooding and other 

contextual and socio-demographic factors may affect community members’ perceptions 

of urban flood risks and the perceived safety of different NBS practices. Using “risk as 

feelings” as an organizing framework, it considers how people may associate standing 
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water in everyday urban landscapes with negative affective responses based on their 

lived experiences, whether such visible stormwater dynamics result from overwhelmed 

drainage systems or intentional stormwater detention in NBS. Specifically, to examine 

NBS practices with novel vs. familiar appearance, it compares floodable sites, a novel 

NBS practice that temporarily inundates urban spaces under the storm condition, with 

retention ponds, a familiar NBS practice that holds an excess amount of water under the 

storm condition. This chapter provides evidence on how people may intuitively perceive 

risks related to urban flooding and its management as well as what factors may shape 

their perceptions. The findings are especially relevant to developing novel NBS to 

enhance urban flood resilience.  

The successful development of NBS relies on positive public perception. This 

dissertation further elucidates that what people immediately notice and experience in 

their everyday landscape surroundings can shape their perceptions of NBS. Chapter 2 

discusses the characteristics and value of everyday landscape experiences and their 

implications for ecosystem services and co-benefits that novel NBS aims to provide. 

Chapter 3 and Chapter 4 provide evidence on how noticeable yet unfamiliar dynamics 

introduced by novel NBS may undermine community members’ experiences and what 

landscape and individual characteristics may also affect perceptions. Together, these 

three chapters help close the knowledge gap regarding how people perceive novel NBS 

that will look differently from more familiar types of urban greenspace. Findings from 

this research can also inform the design, planning, and management of novel NBS to 

align better what people value in everyday landscape experiences and goals for climate 

change adaptation. 

While everyday landscapes may not appear significant if measured by intense 

experiences of beauty, awe, or novelty, they are a product of people “pragmatically 

using what they know to make a living, to take care of what they own, or to manage the 

quality of life in their communities” (Nassauer, 2012, p.223). Everyday landscapes 

constitute an essential context where human behaviors are ‘encultured’ and ‘enearthed’ 

(Schill et al., 2019). From sustaining verdant neighborhoods in a desert to objecting to 

offshore wind turbines, a deeper understanding of why people decide to act upon their 
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surrounding environment in specific ways can be gained through the lens of everyday 

landscape experiences. Everyday landscapes thus form fertile ground for human 

behavioral shifts on an aggregate scale, including pervasively developing nature-based 

and integrated solutions for climate change adaptation. 
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Chapter 2 Technology in Support of Nature-Based Solutions Requires 

Understanding Everyday Experiences 

 

 

 

 

 

 

 

Abstract 

Nature-based solutions that incorporate “smart” technologies to enhance ecosystem 

services delivery may change the way people experience urban nature in their everyday 

lives. We lay out a conceptual basis for considering such changes and their social 

impacts. Cities are increasingly recognized as complex social-ecological-technological 

systems in which sustainability and climate resilience require environmental function to 

be paired with innovative technology. Smart technologies for real-time monitoring and 

autonomous operation promise innovations in urban landscape management. However, 

this promise can be fully realized only with adequate consideration of social impacts. 

Drawing on literature in landscape studies, environmental psychology, behavioral 

economics, public health, and aesthetics, we initiate a discussion connecting everyday 

experiences of urban nature with the social impacts of smart nature-based solutions and 

with local communities’ support for their implementation. We describe what makes 
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pleasant everyday experiences of urban nature and their related well-being benefits and 

social and cultural values, and we elucidate how these experiences depend on 

perceivable landscape characteristics that are only sometimes directly linked to 

environmental functions. Then, based on this literature, we speculate about how 

adopting smart technologies to manage nature-based solutions may noticeably change 

the landscape in novel ways and have unintended negative impacts on everyday 

experiences of urban nature. We illustrate this with an example: smart stormwater 

management of retention ponds. We conclude that the risk of degraded everyday 

experiences of nature must be considered and addressed in the development of smart 

nature-based solutions. If pleasant everyday experiences are ensured through 

appropriate design, smart nature-based solutions may not only realize societal co-

benefits, but also gain acceptance and continued support from the public for the whole 

set of ecosystem services they deliver. 

 

Keywords: aesthetics; cultural ecosystem services; green infrastructure; landscape 

design; urban greenspace  
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2.1 Introduction: technology in nature-based solutions and experiences of urban 

nature  

Cities are increasingly understood as complex social-ecological-technological 

systems, with both environmental function and technology driving transformations 

necessary for sustainability (Grimm, Cook, Hale, & Iwaniec, 2015; McPhearson et al., 

2021; Tan et al., 2020). Technological advances, notably in computation, information 

and communication technology, Internet of Things, and robotics and autonomous 

systems, have prompted exploration of how urban systems might be transformed into 

“smart cities” (Albino, Berardi, & Dangelico, 2015; Martin, Evans, & Karvonen, 2018). 

This includes adopting “smart” technologies to monitor and manage urban green 

infrastructure and nature-based solutions (NBS) to deliver ecosystem services in a more 

adaptive manner and help cities respond to climate change (Arts, van der Wal, & 

Adams, 2015; Goddard et al., 2021; Gulsrud et al., 2018; Nitoslawski, Galle, Van Den 

Bosch, & Steenberg, 2019). For example, experiments have been conducted with real-

time monitoring of soil moisture and automated irrigation to decrease mortality of urban 

trees under extreme drought and heat (Nitoslawski et al., 2019), and with holistic 

regulation of urban stormwater flows at the watershed scale to mitigate flooding risk 

and improve water quality (Bartos, Wong, & Kerkez, 2018; Shishegar, Duchesne, 

Pelletier, & Ghorbani, 2021).  

However, unlike adopting smart technologies to operate only built 

infrastructure, e.g., transportation or energy systems, incorporating smart technologies 

in urban ecosystems may cause noticeable landscape change, which may consequently 

change the way people experience urban nature. Such change is likely to be novel in 

appearance and ubiquitous in extent. Smart systems employ pervasive networks of 

computing devices to collect, process, and communicate data in real time. Although this 

can adapt relatively stable management regimes to be more responsive to climate 

change impacts, it may introduce unfamiliar dynamics into urban landscapes. For 

example, neighborhood parks and streets may have a novel appearance because they are 
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employed to temporarily store stormwater (Lund et al., 2019). Even familiar landscape 

dynamics might change in frequency and magnitude: smart systems adopted in 

stormwater ponds can rapidly draw water levels up or down when controlling 

stormwater flow and storage (Mullapudi, Bartos, Wong, & Kerkez, 2017). To further 

enhance resulting regulating services, these landscape changes will often be systematic 

and ubiquitous, affecting both new and retrofitted urban infrastructure. This could 

change commonplace urban landscapes such as streets, neighborhoods, and 

greenspaces, affecting everyday experience of the urban landscape. Because of these 

likely novel and ubiquitous landscape effects, we raise the question of attendant 

qualitative changes in people’s everyday experiences of urban nature. Will interventions 

informed by smart technologies bring urban residents pleasant nature experiences and 

greater well-being or degrade their experiences of urban nature?  

In this paper, we hope to shed light on this question and offer conceptual 

insights about the social implications of incorporating smart technologies in nature-

based solutions. A comprehensive understanding of how the uptake of smart technology 

might impact human–ecosystem interactions is not yet established (Goddard et al., 

2021). To date, scattered discussions have identified both opportunities and unintended 

consequences including implications for stakeholder engagement, environmental 

justice, citizen empowerment, traditional biocultural and place-based knowledge, 

environmental education, environmental awareness, and nature contact, pointing to the 

urgent need for addressing long-term social considerations (Galle, Nitoslawski, & Pilla, 

2019; Goddard et al., 2021; Gulsrud et al. 2018; Martin et al., 2018; Nitoslawski et al. 

2019). We add to these propositions that how people experience urban nature in their 

everyday lives has fundamental social impacts, and we suggest that smart technologies 

might affect these experiences by noticeably changing urban landscapes in novel and 

unfamiliar ways.  

To examine adoption of smart technologies in managing urban ecosystems, we 

focus specifically on “smart” nature-based solutions (sNBS), i.e., employing 

technological innovations broadly based on computation, information and 

communication technology, sensor networks, artificial intelligence, and robotics and 
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autonomous systems to enhance certain ecosystem services. Others, in different topical 

contexts, have framed related terms and concepts such as digital conservation, green 

infrastructure automation, smart urban forests, or the “Internet of Nature” (Arts et al., 

2015; Galle et al., 2019; Gulsrud et al. 2018; Nitoslawski et al., 2019). We focus on 

sNBS because NBS has been defined around a recognition of critical natural capital 

while also addressing societal challenges and providing co-benefits through innovative 

design and management of urban landscapes (Dorst, van der Jagt, Raven, & Runhaar, 

2019; European Commission 2015; Nesshöver et al., 2017; Pauleit et al., 2017). Smart 

technologies are not inherently pro-environmental; if they are implemented to meet 

narrowly defined societal objectives, such technologies may actually undermine 

sustainability (Goddard et al., 2021; Gulsrud et al., 2018; McPhearson et al., 2021). For 

example, robotic lawn mowers may reduce human labor costs and encourage more 

extensive or frequent mowing in greenspaces, reinforcing norms for an intensively 

manicured landscape that may not support biodiversity. This paper focuses on scenarios 

where the adoption of smart technologies is explicitly intended to support sustainability 

and climate resilience.  

In this paper, we use “urban nature” as an inclusive term to describe various 

outdoor biotic, e.g., plants, and abiotic, e.g., water, features that compose urban 

landscapes ranging from playing fields to nature reserves. Urban nature that city 

dwellers can regularly encounter in their everyday lives sometimes constitutes their 

only opportunity to interact with nature, and can be pivotal to well-being if associated 

with a feeling of pleasure (Andersson et al., 2014; Soga & Gaston 2016). The pandemic 

world makes this vividly apparent: many of us now know well the pleasure of walking 

down neighborhood streets while appreciating trees and home gardens, or even just 

getting some fresh air, and how much we yearn for such pleasure and the relief and 

relaxation it can offer (Corley et al., 2020; Kleinschroth & Kowarik 2020).  

Strong evidence suggests that pleasant everyday experiences of urban nature can 

potentially enhance mental, physical, and social well-being (Bratman et al., 2019; 

Markevych et al., 2017,), motivate pro-environmental decision and behavior (Alcock et 

al., 2020), and nurture a general connectedness to nature that may contribute to more 
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sustainable lifestyles and culture (Giusti, Wang, & Marriott, 2020; Lumber, Richardson, 

& Sheffield, 2017). In this sense, pleasant everyday experiences of urban nature 

constitute cultural ecosystem services that potentially provide well-being benefits co-

produced by people and the biophysical domain (Andersson, Tengö, McPhearson, & 

Kremer, 2015; Daniel et al. 2012).  

In contrast, landscapes that fail to provoke pleasant everyday experiences of 

urban nature may not support well-being, or may even result in “disservices” if the 

landscape is perceived as unsafe or unpleasant (Dronova, 2019, Keeler et al., 2019).  

In the following sections, we conceptualize everyday experiences of urban 

nature and describe how cultural and social values underlie pleasant everyday 

experiences that contribute to well- being. We elucidate that increased provision of 

ecosystem services does not necessarily ensure pleasant everyday experiences. Rather, 

human experiences must be examined and managed differently from environmental 

processes. Based on these ideas, we discuss how smart technologies may noticeably 

change the landscape in novel and unfamiliar ways that affect everyday experiences of 

urban nature. To identify potential social challenges for sNBS development, we 

highlight how implementation of smart technologies could create trade-offs between 

pleasant everyday experiences and environmental benefits, if sNBS are designed 

without adequate consideration of human experiences. Last, we illustrate the 

implications of implementation choices with an example: stormwater retention ponds 

managed by a smart system. We argue that, as pervasive adoption of smart systems in 

urban ecosystems accelerates, the potential effects of sNBS on everyday experiences of 

nature must be anticipated and addressed.  

2.2 Pleasant everyday experiences of urban nature have far-reaching benefits and 

values 

Everyday experiences of urban nature are characterized by their regular and 

frequent occurrence, by the familiarity of the landscapes where they occur, and by their 

typical and ordinary experiential quality. What counts as everyday experiences of urban 
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nature is context-dependent, but for many people, such experiences may take place in 

commonplace landscapes such as residential yards, streets, nearby parks, and the open 

spaces in between buildings. In contrast, more infrequent, unusual experiences of urban 

nature may be intentionally planned for and accessible only after travel, for example, in 

nature reserves, along shorelines, or in downtown parks and greenways that are distant 

from a neighborhood (Samuelsson et al., 2018).  

We define “pleasant” experiences of urban nature as characterized by a feeling 

of pleasure in response to immediately noticeable characteristics of urban nature. 

Studies in aesthetics identify “immediately noticeable characteristics” as sensuous 

qualities and intrinsic properties of any object, phenomenon, and event, including 

landscapes (Eaton, 1997; Gobster, Nassauer, Daniel, & Fry, 2007; Saito, 2007). 

Pleasant experiences of urban nature involve all senses. For example, smell and sound 

contribute to landscape aesthetic experiences (Franco, Shanahan, & Fuller, 2017; Jeon 

& Jo, 2020). In this paper, we focus on visual characteristics to initiate discussion about 

how sNBS may affect everyday experiences of urban nature.  

The feeling of pleasure ultimately involves affective processes in which the 

feeling of pleasure arises directly and rapidly; at least it feels so to people who are 

experiencing it (Kaplan, 1987). We recognize that pleasant experiences of the landscape 

involve complex underlying psychological processes that involve learning and 

cognition in varying ways and contexts. For example, many have described how 

environmental knowledge can and should affect pleasant landscape experiences (e.g., 

Carlson, 2010). Yet we also note that there is little evidence to suggest that the general 

public attentively acquires environmental knowledge, especially about complex or 

unseen environmental processes, and further, employs this knowledge when casually 

interacting with urban nature in everyday life. People more easily learn from firsthand 

experiences of environmental phenomena and the effects of learning are subject to the 

quality of their experiences (Kuang & Liao, 2020).  

Further, pleasant everyday experiences of urban nature are structured in large 

part by social norms and cultural traditions. These experiences can elicit positive 
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feelings by providing familiarity, stability, comfort, safety, and reassurance that are 

necessary and appreciated in daily life (Saito, 2017). Unlike aesthetic experiences 

associated with the wilderness or the scenic beauty of nature reserves, or the design of 

iconic public space projects, the feeling of pleasure arising from everyday experiences 

of urban nature may depend on more basic and commonly valued noticeable landscape 

qualities such as being orderly, under control, and well-kept (Nassauer, 1995a; Saito, 

2007), or by a sense of place and attachment associated with a city or neighborhood 

(Dronova, 2019; Gobster et al., 2007). This does not mean that pleasant everyday 

experiences of urban nature are not associated with scenic or well-designed places, or 

that aesthetic characteristics of urban nature are not surprising or fascinating. Many 

have suggested that ephemeral nature phenomena, notably seasonal and meteorological 

events, offer wonderful aesthetic surprises and discoveries in everyday experience, and 

that such experiences can benefit well-being (Beery et al., 2017). We note the 

“effortless attention” engaged by such phenomena, and the familiar and ordinary 

surroundings that allow such pleasures of fascination and surprise to emerge.  

Moreover, whether noticeable characteristics of urban nature can elicit pleasant 

everyday experiences is contingent upon shared expectations of how a landscape should 

look in a specific context (Gobster et al., 2007; Nassauer, 1992). The appearance of 

urban landscapes connotes social norms and cultural traditions, and is strongly shaped 

by vernacular practices that may be specific to a locale (Jackson, 1984; Nassauer, 

1995b). A dense woodland may be perceived as pleasantly wild in a nature reserve but 

as forbiddingly wild in a neighborhood park. “Floodable” city parks and streets may be 

perceived as incompatible with public expectations that urban areas should stay dry and 

free from inundation (Liao, 2012). Further, meeting such expectations for landscape 

appearance has moral implications (Nassauer, 1995b; Saito, 2007). For example, 

uniform and weed-free lawns in American home yards are often associated with good 

neighbors who take pride in their homes and communities (Larson & Brumand, 2014; 

Nassauer, 1995b). In this sense, everyday experiences of urban nature can reflect 

normative relationships within human communities, and between people and nature, 
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bearing relational values that broadly contribute to a good, meaningful life (Chan et al., 

2016).  

Everyday experiences of urban nature have been shown to make important 

contributions to the mental, physical, and social health of city dwellers, presenting 

critical opportunities for urban ecosystems to deliver well-being benefits. Accumulating 

evidence has linked potential well-being benefits to more exposure to urban nature 

(Bratman et al., 2019; Ekkel & de Vries, 2017; Markevych et al., 2017; Mossabir, 

Froggatt, & Milligan, 2021). For many people, indirect and incidental experiences of 

urban nature in everyday life—for example, views from homes, offices, and classrooms, 

or nature encounters during commuting—constitute the majority of regular nature 

experiences, occurring much more often than intentional visits to gardens and public 

parks (Cox et al., 2017). Pleasant experiences of urban nature may help reduce stress 

and restore attention fatigue (Bratman et al., 2019; Markevych et al., 2017). Further, the 

quality of everyday experiences may moderate well-being benefits, affecting the 

frequency of peoples’ interactions with nature. For example, Beery et al. (2017) 

discussed how design choices in urban greenspaces, such as an appealing plant palette 

with species of different textures and seasonal color changes, may evoke pleasant 

experiences of urban nature, thereby “nudging” people to use greenspaces more often, 

and, as a result, receive potentially greater well-being benefits.  

2.3  Increased provision of ecosystem services does not ensure pleasant everyday 

experiences 

In everyday life, what people enjoy in or expect from a landscape may or may 

not align with its environmental benefits (Nassauer, 1992). On the fundamental level of 

human perception, environmental phenomena may occur at spatial scales where humans 

cannot directly perceive or notice them, whereas people experience urban nature 

through the immediately noticeable landscape characteristics of vegetation, water, 

topography, and built structures in the “perceptible realm” (Gobster et al., 2007). 

Pleasant experiences are related to environmental processes by landscape perception, 
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which is shaped by social and cultural phenomena and arises from psychological 

processes rather than from scientific assessments of ecosystem services (Andersson et 

al., 2014; Gobster et al., 2007). Consequently, comparing ecosystem services with 

aesthetic experiences, “what is good may not look good” (Nassauer, 1995b, p.161).  

Moreover, everyday experiences of urban nature are closely related to pragmatic 

considerations such as property management that can powerfully motivate people’s 

attitudes and behaviors toward the landscape (Saito, 2017). For example, vegetation 

maintenance norms for neighborhoods (Cook et al., 2012) and urban nature in views 

from a home (Sander & Haight, 2012) can be decisive factors for property value. Pro-

environmental interventions in familiar landscapes, such as street trees, neighborhood 

stormwater controls and greenspaces, workplace green roofs, or home yards, are likely 

to be subject to normative community expectations for landscape appearance, as we 

discussed in the previous section. Consequently, people living in a neighborhood 

dominated by manicured lawns may apply lawn chemicals regardless of what they 

know about impacts on water quality. Also, residents may object to adding shrubs and 

grasses to neighborhood stormwater ponds, despite knowing related water quality 

benefits, because they worry that taller plants could block views to water and degrade 

aesthetic experiences (Monaghan et al., 2016).  

The distinction between pleasant everyday experiences and environmental 

benefits has been noted in recent studies that address potential trade-offs between 

cultural and other ecosystem services and challenges for ensuring multiple benefits and 

values of urban nature (Dronova, 2019; Keeler et al. 2019). It also has implications for 

equity and environmental justice (Anguelovski et al., 2019; Dronova 2019). Landscape 

interventions that appear to degrade everyday experiences may be unwanted in many 

communities and sited in disempowered ones (Wilson, 2009). Even interventions that 

are developed to benefit communities where residents suffer from disproportionately 

distributed environmental stressors may not fully support health equity if they do not 

ensure pleasant everyday experiences (Woolf, 2017). For example, residents may object 

to planting of trees near their home because they perceive trees as a maintenance burden 

or a threat to personal safety, even though urban trees can moderate human experience 



 17 

of extreme heat (Carmichael a& McDonough, 2018; Nassauer, Webster, Sampson, & 

Li, 2021).  

Improving the attractiveness of urban environments and enhancing human well-

being are among the principal goals for developing NBS in cities (European 

Commission 2015; Raymond at el., 2017). These benefits should not be assumed when 

NBS are implemented, however. Rather, various impacts of NBS, both positive and 

negative, must be anticipated and investigated from social, ecological, and 

technological perspectives (Kabisch et al., 2016; Keeler et al., 2019; Nesshöver et al., 

2017). This is particularly relevant for urban sNBS that employ smart technologies to 

pervasively intervene in environmental processes and functions in a novel manner. 

Unless sNBS are developed with attention to noticeable landscape characteristics, they 

may fail to offer pleasant everyday experiences and related well-being benefits. In 

contrast, if urban landscapes affected by sNBS are perceived as pleasant, they are more 

likely to be culturally sustainable: accepted and embraced over time (Dronova, 2019; 

Nassauer, 1997).  

2.4 Smart NBS may pervasively and noticeably change urban landscapes in novel 

ways 

Smart technologies may help cities more efficiently and effectively manage 

NBS to provide ecosystem services such as stormwater management and microclimate 

regulation in response to climate change (Goddard et al., 2021; Gulsrud et al., 2018; 

Nitoslawski et al., 2019). The very effectiveness of these technologies in enhancing the 

regulating ecosystem services of both new and retrofitted urban systems could lead to 

their rapid and ubiquitous adoption (Goddard et al., 2021). This could pervasively and 

noticeably change urban landscapes in ways that are novel and unfamiliar to residents, 

unintentionally affecting their everyday experiences of urban nature (Table 2.1) and 

creating public resistance to sNBS, even if smart systems enhance ecosystem services.  
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Table 2.1 Examples of ways smart technologies might be employed in NBS and their potential effects on 
everyday experience. 
Note that these examples are speculative; we do not intend to review existing practices or predict future 
trends here. 

  
NBS and related smart technologies 

  Street trees/green 
roofs 

 
Automated 

irrigation based on 
monitoring and 

forecasting data for 
soil moisture and 

weather 

Stormwater controls 
 
Real-time monitoring 

and control of 
stormwater flow 

among 
retention/detention 

sites, including 
temporary storage in 

built areas 

Urban greenspaces 
 

Restoration, 
conservation, or 
creation of high-

quality habitats with 
minimal human 

influence 

Intended 
and 

unintended 
impacts 

Ecosystem 
services 
delivery 
objective 

Provisioning of 
water resources in 

arid cities 

More effectively 
improve water quality 
and mitigate flood risk 

Biodiversity support 
and supporting 

services 

Noticeable 
change in the 

landscape 

Yellow and brown, 
or withering plants 

during hot and 
drought seasons 

Temporarily flooded 
streets, lawns, or 

parking area; drained 
ponds with little water 

and revealed 
sediments 

Unmaintained, 
spontaneous plants 
that look wild or 

“weedy”; presence 
of wildlife that elicits 

little affection, but 
unpleasantness or 
even danger (e.g., 
insects, snakes) 

Potential 
degradation 
in everyday 
experiences 

Undermined 
“green” image and 

aesthetic value; 
perceived unhealthy 
or/and lack of care 

Perceived flooding 
risk and safety hazard; 

messiness and 
unpleasant odor; 

undermined aesthetic 
value 

Lack of legibility or 
culturally and 

socially familiar 
cues; decreased 

perceived safety; 
loss of opportunities 
for stewardship and 

taking care of 
“nature” 

 

Smart technologies that allow real-time monitoring and control can transform 

NBS from passively relying on embodied environmental processes to actively 

interacting and intervening with these processes to deliver more ecosystem services. 

This may help NBS to better respond and adapt to constantly changing and increasingly 
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unpredictable environmental stressors. However, at the same time, it may introduce 

noticeable and unfamiliar changes in landscapes dynamics. Although people often enjoy 

the beauty of ephemeral and regularly changing nature phenomena such as seasonal 

transitions, sunsets, and rainbows, “surprises” resulting from real-time control like 

flooded streets or drained ponds are not familiar landscape changes. Such novel 

dynamics in noticeable landscape characteristics may seem unrecognizable and 

incomprehensible, and challenge expectations and preferences for a relatively static 

look of the landscape in daily life (Mozingo, 1997).  

Moreover, smart technologies may drive innovations in NBS design and 

management decision making, especially regarding maintenance. Smart systems enable 

previously unavailable forms of data collection and modeling, which promote 

autonomous systems that require less human agency. For example, rather than being 

determined by maintenance staffs’ experience and knowledge, irrigation of urban street 

trees and plants can be automated based on real-time monitoring as well as forecasting 

of soil moisture and weather events. Such an approach may promise more efficient 

water use and lower plant mortality, while potentially altering the noticeable 

characteristics of plants (e.g., leaf color, species evenness). There are even discussions 

about completely removing human perception and control from ecological restoration, 

and instead using robotics and autonomous systems instead to rewild landscapes and 

support biodiversity (Cantrell, Martin, & Ellis, 2017; Goddard et al., 2021).  

Current scholarship about sNBS development may assume that people welcome 

accompanying landscape change because such change may make environmental 

processes and dynamics more apparent in urban landscapes. Or, that sufficient 

community engagement or new knowledge will easily nurture a positive attitude toward 

novel changes happening in their everyday landscape surroundings (Lund et al., 2019). 

However, strong community objections against pro-environmental landscape 

interventions, including constructed wetlands, wind turbines, and solar farms, have 

occurred in the past, and such objections have not been easily resolved by educating the 

community about their environmental benefits (Sánchez-Pantoja, Vidal, & Pastor, 2018; 

Vlami et al., 2020). Such interventions introducing noticeable unfamiliar processes or 
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novel structures into the landscape were met with skepticism, disapproval, or fear by 

residents.  

As we have described above, local residents may share expectations for 

everyday experiences of urban nature that derive from vernacular practices, social 

norms, and cultural traditions. Along with formal regulations and institutional 

characteristics of municipal government such as disciplinary silos (Nitoslawski et al., 

2019), these expectations constitute the broader institutional context that prevents or 

encourages cities from incorporating smart technologies in NBS (Kiparsky, Sedlak, 

Thompson, & Truffer, 2013). We suggest that, where local communities are concerned 

about the unfamiliar appearance of landscapes affected by sNBS, institutional drag on 

adoption may be amplified, even to the point of preventing adoption of environmentally 

beneficial technologies.  

Invisible or remote environmental functions or ecosystem services are unlikely 

to compensate for potential degradation of pleasant experiences, a key cultural 

ecosystem service, in sNBS. The human tendency for status quo bias and loss aversion 

implies a strong resistance to exchanging palpable loss of pleasant experiences for an 

intangible gain in environmental benefits (Samuelson & Zeckhauser 1988; Schill et al. 

2019; Tversky &Kahneman, 1991). Sustainability and resilience challenges that sNBS 

address can seem so distant and unrelated to everyday life that people may lack 

motivation to change their attitude and behavior unless they have impactful personal 

experiences, for instance, experience with extreme events like wildfires and flooding 

(Kunreuther et al., 2014). “Humans are not optimization algorithms” (Schill et al., 2019, 

p.1076). Rather, people act within socio-cultural contexts, and under uncertainty tend 

not to favor decisions with long-term benefits. As a result, people may not favor sNBS 

that promote environmental functions and related ecosystem services if sNBS rob a 

landscape of socially and culturally familiar characteristics (Nassauer, 1995b) or make 

it appear confusingly illegible or even unsafe (Kaplan, 1987; Monzingo, 1997). Rather, 

sNBS that degrade everyday experiences of urban nature may be rejected or ultimately 

altered amid community backlash.  
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Urban landscapes affected by sNBS embody environmental processes and 

ecological functions. At the same time, they are also visible entities that different 

people, who may or may not have environmental knowledge, notice and respond to 

(Nassauer, 1992; Termorshuizen & Opdam 2009). Because the appearance of sNBS 

will affect people’s everyday experiences of urban nature and, consequently, their 

support for sNBS, understanding everyday experiences of sNBS is necessary to the 

sustainable and equitable delivery of ecosystem services by sNBS.  

2.5 An illustrative case: smart stormwater ponds in social-ecological-technological 

systems 

We illustrate ideas discussed in previous sections by examining urban 

stormwater controls, a common focus in NBS (Keeler et al., 2019) that incorporates 

smart technologies in stormwater management. Advances in sensing, computation, and 

wireless communication technologies have inspired development of smart stormwater 

ponds that are monitored in real time and controlled across a watershed as a whole 

system (Bartos et al., 2018; Lund et al., 2019). Such a sNBS presents opportunities to 

regulate urban stormwater to more effectively and strategically address extreme 

precipitation events under climate change. Specifically, individual ponds at different 

locations can be remotely operated to drain water before storms to free up storage 

capacity and to retain water longer to reduce peak flows into stormwater infrastructure 

after storms (Bartos et al., 2018; Shishegar et al., 2021). However, these operations can 

introduce noticeable unfamiliar landscape change into residential neighborhoods, parks, 

or commercial plazas that contain ponds. For example, draining ponds before a storm 

may reveal accumulated sediment, and retaining more water for a longer time after 

storms may raise water levels, resembling flood conditions. These changes have 

implications for everyday experiences of urban nature.  

Stormwater retention ponds characterized by perennial open water are widely 

recognized as an amenity that offers pleasant everyday experiences to nearby residents 

(Bastien, Arthur, & McLoughlin, 2012; Lähde, Khadka, Tahvonen, & Kokkonen, 
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2019). Surface water with good clarity is a highly preferred landscape feature and is 

often perceived as natural, beautiful, and relaxing (Herzog 1985, White et al. 2010) with 

potential for enhancing well-being (McDougall, Quilliam, Hanley, & Oliver, 2020; 

Völker & Kistemann 2011). Moreover, compared with other stormwater controls that 

do not have perennial open water, retention ponds may be associated with higher home 

prices nearby (Sohn et al. 2020). However, fluctuations of water level and surface 

extent caused by smart technologies could raise community concerns about safety, 

aesthetics, and public health. High water concerns may be related to localized flooding, 

drowning hazards, or physical contact with polluted water (Jarvie, Arthur, & Beevers, 

2017; Williams et al., 2019). Low water concerns may be about revealed sediments 

looking dirty and unattractive (Cottet, Piégay, & Bornette, 2013; Herzog, 1985).  

Drawing on work from our ongoing investigation of smart stormwater 

management in three American cities (Ann Arbor, Michigan; South Bend, Indiana; and 

Knoxville, Tennessee), we illustrate how smart technologies might affect everyday 

experiences associated with stormwater ponds. We developed digital visualizations of 

ponds for which water levels could be manipulated by smart stormwater management 

systems to adapt to extreme storm events, as shown in Figure 2.1. Then, we employed 

these visualizations in mail surveys of residents of each city. Respondents (n = 977) 

rated pond landscapes on a 5-point Likert scale on three dimensions of everyday 

experiences: attractiveness, neatness, and safety. Below, for the purposes of illustrating 

the implications of our argument for consideration of everyday experiences of sNBS, 

we report from our survey data.  
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Figure 2.1 An example of sNBS: a retention pond in a residential area that is managed by a smart 
stormwater system. 
The pond was depicted with different water levels: 1) typical, 2) low, as if the pond were drained 24 
hours before a storm to free up storage capacity, and 3) high, as if water were retained at a higher than 
the typical level for as long as 48 hours after a storm (visualizations by Yiiran Shen and Yuanqiu Feng). 

 

Our data suggest that different pond water levels, manipulated by smart 

technology, were associated with different everyday experiences. For the pond shown in 

Figure 2.1, although ratings for attractiveness, neatness, and safety of both high and low 

water levels were lower than for the typical water level, the high water level tended to 

be rated as least safe, and the lower water condition tended to be rated as least 

attractive. Survey visualizations also included ponds located in parks and commercial 

areas, and with other shoreline configurations and plants. For another pond, which was 

depicted in a park and with wetland plants along the shore, everyday experiences 

associated with the high water level were similar to those associated with the typical 
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water level, whereas the low water level was perceived as far less attractive and safe 

than the typical water level.  

These experiences of high and low water levels, compared to the typical water 

level, are particularly relevant for considering how everyday experiences of a pond may 

relate to its stormwater regulation services. Both pre-storm draining and after-storm 

extra retention regulate flows, contributing to downstream water quality and flood 

prevention. Yet the appearance of the pond associated with each of these operations 

elicited different experiences. Knowing about residents’ likely perceptions, local 

managers might opt to design or locate ponds differently. For instance, having a steeper 

basin that can contain increased volumes of water within a smaller surface extent, or 

draining ponds only within a few hours of an expected storm might reduce degradation 

of everyday landscape experience. Further, other design variables, like shoreline 

vegetation and land use context, might be used to further reduce degradation or even 

enhance everyday experiences of stormwater pond landscapes.  

This example illustrates how provision of some ecosystem services by sNBS 

raises questions about the provision of what we assert is an essential cultural ecosystem 

service, pleasant everyday experiences of urban nature. At the “human scale,” pleasant 

everyday experiences require attention to the noticeable characteristics of urban nature. 

These everyday experiences cannot be directly inferred from analyzing environmental 

functions that may depend on unperceivable environmental processes. Rather, sNBS 

must be intentionally designed to ensure pleasant everyday experiences. By gaining a 

better understanding of how people will perceive and experience urban landscapes 

affected by smart technologies, adoption of sNBS may avoid or at least minimize loss 

of cultural ecosystem services while it also eases the pathway for more widespread 

adoption.  

2.6 Conclusion  

Cities may increasingly employ smart technologies to facilitate how nature-

based solutions are conceived and managed to address sustainability and climate 
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resilience. However, how smart technologies may affect people’s everyday experiences 

of urban nature also deserves attention. In this paper, we elucidate how smart NBS may 

degrade everyday experiences of urban nature when they introduce noticeable landscape 

change, particularly unfamiliar landscape dynamics. Loss of pleasant experiences of 

urban nature could undermine the well-being of residents and have negative impacts on 

community identity, property management, and health equity. Further, objections from 

residents who perceive unfamiliar changes as degrading their everyday experiences of 

local landscapes, coupled with managers’ responses to these objections, may hinder the 

systematic adoption and long-term success of sNBS for delivering overall ecosystem 

services.  

Pleasant everyday experiences of urban nature subtly connote basic human 

needs, deep-rooted cultural values, and powerful social norms. These connotations of 

landscape appearance can change: the history of landscape aesthetics suggests that both 

individuals and societies sometimes learn to attach these connotations to different 

landscape characteristics over time. Yet we caution that attempts to force change in 

deep-seated perceptual responses to everyday surroundings may have disappointing or 

damaging results. Although it is possible that more knowledge of environmental 

functions underlying unfamiliar landscape changes may lead to greater acceptance, we 

assert that people are more likely to appreciate unfamiliar landscape characteristics 

through lived experiences that they find pleasant and valuable. Pleasant everyday 

experiences should be evident for sNBS to gain societal legitimacy (Harris-Lovett et al. 

2015) or for evolution to a new aesthetic norm for highly functioning urban nature 

(Meyer, 2008; Nassauer, 1992). By directly connecting people to environmental 

phenomena in their daily life, pleasant everyday experiences of urban nature may serve 

as a nudge to help accelerate the societal transformation urgently needed to respond to 

environmental crises, guiding people to accept and support sNBS that they might 

otherwise reject (Beery et al., 2017; Nassauer, 2011).  

For sNBS to provide both pleasant everyday experiences and other ecosystem 

services, consideration of the relationship between their noticeable characteristics and 

local residents’ landscape perceptions must be integral to their development. This 
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demands simultaneous attention to both the noticeable characteristics of sNBS that are 

inherent to their environmental functions and to noticeable characteristics that make for 

pleasant everyday experiences. Recognizing pleasant everyday experiences of urban 

nature as cultural ecosystem services that occur at the human scale should suggest that 

design, evaluation, and assessment of sNBS must include these dimensions (Raymond 

et al., 2017). Further, contradictions between these dimensions may sometimes be 

amenable to resolution by design and planning. Specifically, co-design and co-creation 

processes that engage researchers and design professionals with local residents may 

help to integrate expert knowledge and local perspectives (Frantzeskaki, 2019; Kabisch 

et al., 2016).  

Will the adoption of smart technologies in NBS offer pleasant everyday 

experiences of urban nature and open new pathways to enhance the well-being of urban 

residents? We conclude that sNBS may noticeably change commonplace urban 

landscapes in novel and unfamiliar ways, leading to unintended loss of pleasant 

everyday experiences. Attention to such potential impacts of noticeable landscape 

characteristics—anticipating community resistance and avoiding harm—may be 

essential to the success of smart sustainability efforts. Furthermore, because everyday 

experiences of urban nature can powerfully motivate attitudes and behavior, sNBS that 

are designed to ensure pleasant experiences could elevate public appreciation for 

landscape change that supports ecosystem services. Effective sNBS intervention will 

require holistic understanding of social-ecological-technological interactions. Along 

with investigation of the technological, ecological, and governance dimensions of 

sNBS, it is critical to address how sNBS may affect everyday experiences of urban 

nature. These experiences have far-reaching implications for well-being and behavior, 

and can fundamentally affect societal response to innovation. Managing urban 

landscapes to be cherished and celebrated in everyday life is not trivial or extraneous to 

building sustainable and resilient cities. Rather, it suggests a pathway to such a future. 
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Chapter 3 Landscape Elements Affect Public Perception of Nature-based Solutions 

Managed by Smart Systems 

 

 

 

 

 

 

 

Abstract 

Smart technologies promise innovative approaches to manage nature-based solutions 

(NBS) for more effective regulating functions under climate change. However, smart 

systems may also affect people’s experiences of NBS by introducing noticeable changes 

in urban landscapes. This study investigated public perception of “smart” retention 

ponds that had changing water level as controlled by smart systems and varied in the 

following microscale landscape elements determined by planning and design choices: 

land use context, basin slope, and surrounding plants. Using visualizations that showed 

pond design alternatives at typical, low (draining water), and high (retaining water) 

water levels, we surveyed residents in three American cities for their perceptions of 

smart ponds (n = 974). Our results suggest that water level manipulation by smart 

systems negatively affects perceptions of stormwater ponds; both low and high water 

were perceived as significantly less attractive, neat, and safe than the typical water level 
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condition. Furthermore, these effects of water level were moderated by other design 

elements. Perceptions of high water level were more positive for ponds in greenspace 

than in residential or commercial contexts. Perceptions of low water level were more 

positive for ponds in residential contexts than in greenspace or commercial contexts, as 

well as for ponds surrounded by woody or unmaintained plants than those surrounded 

by mown turf edge. In both high and low water conditions, ponds with steep slopes 

were perceived more positively than those with shallow slopes. These findings can 

support successful planning, design, and management of smart NBS. 

 

Keywords: aesthetics; cultural ecosystem services; green infrastructure; landscape 

design; nature-based solutions; resilience 
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3.1 Introduction  

The concept of “smart cites” and related technological innovations present novel 

approaches for managing urban ecosystems and the services they provide (Arts, van der 

Wal, & Adams, 2015; Goddard et al., 2021; Gulsrud et al., 2018; Nitoslawski, Galle, 

Van Den Bosch, & Steenberg, 2019). A widely considered application is smart 

stormwater systems that integrate technologies such as information and communication 

technology, sensors, and autonomous systems into nature-based solutions (NBS) for 

urban stormwater management (Bartos, Wong, & Kerkez, 2018; Lund et al., 2019; 

Meng & Hsu, 2019; Shishegar, Duchesne, Pelletier, & Ghorbani, 2021). Smart systems 

can monitor multiple NBS sites in real time and evaluate their systematic performances, 

providing new insights for management decisions (Kerkez et al., 2016; Meng & Hsu, 

2019). Moreover, smart systems can actively control detention and retention processes 

to better respond to stressors from climate change, aging infrastructure, and land use 

change (Kerkez et al., 2016; Lund et al., 2019). 

However, despite rapidly advancing technological capacity, how the public may 

respond to the visible effects of implementing smart stormwater systems has not been 

adequately considered. Smart systems can noticeably change the appearance of NBS by 

intentionally storing water in neighborhood streets or draining retention ponds. Such 

unfamiliar landscape appearances may degrade people’s everyday experiences of urban 

nature, a cultural ecosystem service with implications for both urban residents’ well-

being and public support for smart system adoption (Li & Nassauer, 2021). Landscape 

experiences are a product of human perception and cognition, and may not align with 

environmental processes and functions (Andersson, Tengö, McPhearson, & Kremer, 

2015; Daniel et al., 2012; Dronova, 2019; Gobster, Nassauer, Daniel, & Fry, 2007). 

Smart stormwater systems manage processes that occur at various spatial scales, some 

of which are not perceivable. In contrast, people immediately notice microscale 

landscape elements – the fine-grained characteristics of water, plants, landforms, and 

structural elements that are immediately perceptible – at the scale of streets and sites 

(Nassauer, Webster, Sampson, & Li, 2021; Raymond et al., 2017).  
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This paper reports on our investigation of urban residents’ perceptions of 

microscale landscape elements of NBS managed by smart systems. Specifically, we 

focused on “smart ponds”, i.e., stormwater retention ponds in which sensors, actuators, 

and wireless communication devices are deployed to monitor weather and stormwater 

quantity and quality metrics and dynamically control flows across multiple sites in real 

time (Kerkez et al., 2016; Mullapudi, Bartos, Wong, & Kerkez, 2018). For many 

decades, stormwater retention ponds have been widely implemented in the US and 

many other countries in residential neighborhoods, greenspace, and commercial 

developments to collect and treat stormwater runoff (Eckart, McPhee, & Bolisetti, 2017; 

Fletcher et al., 2014; Hassall, 2014). Studies on public perceptions of stormwater ponds 

consistently highlight their amenity values, reporting that nearby residents often see safe 

and neatly kept pond landscapes as offering aesthetic experiences, including viewing 

birds and other wildlife (Bastien, Arthur, & McLoughlin, 2012; Eckart et al., 2017; 

Lamond & Everett, 2019; Moore & Hunt, 2012; Rooney et al., 2015; Williams et al., 

2019).  

The adaptation of stormwater ponds by smart systems, through both retrofitting 

and new construction, could enhance stormwater regulating functions and allow more 

flexible and responsive management regimes in response to climate change (Bartos et 

al., 2018; Goddard et al., 2021; Lund et al., 2019). Smart systems can drain ponds 

before an intense storm to free up storage space and retain more water during and after 

the storm to more effectively mitigate flooding risk and water quality impairment 

(Mullapudi et al., 2018; Shishegar et al., 2021). However, such manipulations of pond 

water level can result in visible landscape changes. Draining water can result in 

unusually low water levels, sometimes exposing sediments. Retaining water after 

storms at a higher than usual level can resemble flooding conditions. To our knowledge, 

no study has investigated how water level may affect people’s perceptions of 

stormwater ponds, especially under the novel regime of smart systems where water 

level is managed through a highly engineered process and can change rapidly.  
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Given the different decision-making mechanisms that shape microscale 

landscape elements of smart ponds, we conceptualized these elements into two 

categories: pond water, which is inherently related to stormwater management functions 

and controlled by smart systems; and other “design elements” such as plants, landform, 

and adjacent buildings and structures, which depend on planning and design choices 

and maintenance regimes and will appear as more stable than pond water level. While 

these design elements are not directly controlled by smart systems, they constitute the 

overall smart pond landscape that people immediately perceive and experience. Based 

on our conceptualization of microscale elements, we draw from existing knowledge to 

consider pond water level as related to perception and to identify design elements that 

might affect perception. 

Open water is critical for everyday aesthetic experiences offered by stormwater 

ponds. It is often associated with high landscape preference, aesthetic pleasure, and 

relaxation and restoration (Herzog, 1985; Kaplan & Kaplan, 1989; Völker, Matros, & 

Claßen, 2016; White et al., 2010). But the visual qualities of water such as transparency 

and color may also profoundly affect how people perceive it (Flotemersch & Aho, 

2021). Studies of natural wetlands noted that absence of visible water (Dobbie, 2013) or 

presence of sediments (Cottet, Piégay, & Bornette, 2013) may significantly undermine 

aesthetic experiences. Aesthetic preferences for rivers have been reported to be greatest 

at medium water flow, with both high and low flows less preferred – possibly due to 

suspended debris and exposed channel beds (Brown & Daniel, 1991; Pflüger, Rackham, 

& Larned, 2010; Yamashita, 2002). For stormwater detention areas, temporary flooding 

in neighborhoods may raise safety concerns when residents are not aware of the 

intention and mechanism of stormwater management (Williams et al., 2019). 

As design elements, characteristics of plants growing in and around ponds have 

been reported to affect both aesthetic appeal and neatness. Orderly-looking plants and 

regular mowing can signal ongoing maintenance, care, and conform to social norms, 

especially in residential areas (Li & Nassauer, 2020; Nassauer, 2004; O'Donnell, 

Maskrey, Everett, & Lamond, 2020; Taguchi et al., 2020). Mature canopy trees may 

also contribute to greater landscape preferences in some contexts (Dobbie, 2013; Lund 
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et al., 2019; Suppakittpaisarn, Larsen, & Sullivan, 2019). In contrast, submergent plants 

and densely growing tall grasses are often noted as view-blocking, messy, and 

unpleasant (Flotemersch & Aho, 2021; Jarvie, Arthur, & Beevers, 2017; Taguchi et al., 

2020). Messy-looking plants can also prompt concerns about safety; residents may 

associate these plants with dangerous and dirty breeding grounds for mosquitos and 

rats, especially when the extent of water is small (Jarvie et al., 2017; Monaghan et al., 

2016; Taguchi et al., 2020; Williams et al., 2019). Moreover, low gradient basin slope is 

often mandated in stormwater pond construction to minimize drowning hazard, a safety 

concern people commonly raise (Bastien et al., 2012; Jones, Guo, Urbonas, & Pittinger, 

2016). Besides, the basin slope of a pond affects the extent and shape of visible water, 

which may affect landscape perception (Dobbie & Green, 2013).  

Further, land use context can prompt people to have certain expectations for 

landscape appearance, influencing how people perceive a landscape (Flotemersch, 

Shattuck, Aho, Cox, & Cairns, 2019; Gobster et al., 2007). For the purposes of this 

study, we operationalize land use context as a microscale design element because it 

affects what built structures and landcovers may exist adjacent to ponds. Previous 

studies on public perceptions of retention ponds that surveyed multiple sites in different 

land uses commented on substantial variations among sites, but did not explicitly 

examine the effects of land use context (Jarvie et al., 2017; Williams et al., 2019). 

Studies of other aquatic systems have noted that, for example, people may have greater 

preferences for restored wetlands that are located in a natural context (e.g., nature 

reserve) (Nassauer, 2004).  

Building on this literature, we investigated how water level manipulations by 

smart systems affect the perceived attractiveness, neatness, and safety of pond 

landscapes. We also considered if and how the effects of water level on perceptions are 

moderated by design elements. We specifically addressed the following three research 

questions: 

1. How does water level relate to perceived safety, attractiveness, and neatness 

of smart ponds?  
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2. How do design elements (i.e., land use context, basin slope, and surrounding 

plants) relate to perceived safety, attractiveness, and neatness of smart pond landscapes?  

3. Are the effects of water level on perceptions of smart ponds moderated by 

these design elements? 

3.2 Method 

3.2.1 Study location and smart pond design alternatives  

3.2.1.1 Study cities 

In this study, we focused on three US cities, each of which were in a different 

stage of adopting smart systems that entail manipulation of stormwater pond water 

levels. Smart stormwater systems have been adopted pervasively in South Bend, 

Indiana; have been partially adopted in Ann Arbor, Michigan; and have not yet been 

adopted in Knoxville, Tennessee (Figure 3.1).  

Figure 3.1 Three US cities were sample areas for this study. 

 

3.2.1.2 Development of pond landscape design alternatives 

To answer our research questions, we employed a factorial design to test each 

water level with all relevant combinations of design elements of land use context, basin 

slope, and surrounding plants (Figure 3.2). We eliminated some combinations that were 
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implausible in landscape applications. For example, in a commercial context, a steep-

sloped basin is typically used to limit the spatial extent of ponds given high land costs, 

and in a residential context, maintenance typically controls tall weedy plants, like 

volunteer woody shrubs, at the edge of a pond. 

Figure 3.2 Landscape design alternatives of smart ponds.  
Smart pond landscape design alternatives were created by a factorial combination of design elements to 
make 15 landscape design alternatives. Each was applied to two different pond sites, resulting in 30 
different pond landscape design alternatives. Each pond landscape design alternative was depicted at 
three different water levels, in a total of 90 visualizations. 

 

 

3.2.1.3 Visualization generation 

Based on these pond landscape design alternatives, we then created high 

verisimilitude visualizations as stimuli to elicit respondents’ perceptions of smart ponds. 

Digitally generated realistic visualizations have been widely used in landscape 

perception research as validate surrogates to real landscapes (Daniel & Meitner, 2001; 

Deng et al., 2020; Jorgensen, Hitchmough, & Calvert, 2002; Sevenant & Antrop, 2011). 

Although such an approach does not account for multi-sensory and embodied landscape 

experiences, it offers the advantages of both high visual verisimilitude and controlled 

testing of design elements. Using Adobe Photoshop CC, landscape architects on our 
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team created visualizations by manipulating photos of actual stormwater pond sites 

selected from the three study cities. In addition, other visible aspects of the pond 

landscape, such as light or weather conditions, were controlled across all visualizations. 

Figure 3.3 shows 9 of the 90 visualizations employed in our survey. 

Figure 3.3 Examples of survey visualizations of three pond landscape design alternatives at the typical, 
low, and high water level.  
These alternatives varied basin slopes and surrounding plants and were located in different land use 
contexts. Respondents viewed each alternative at three different water levels, as manipulated by smart 
systems. 
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3.2.2 Survey  

3.2.2.1 Sampling frame 

We employed a stratified random sampling method to obtain a more 

representative sample, increase generalizability, and to reduce sampling and non-

sampling related error (Etikan & Bala, 2017). Using a factorial sampling design, we 

organized block groups as designated by the U.S. Census Bureau (U.S. Census Bureau, 

1994) into four strata in each city according to income and flood risk. Low versus high 

income was determined by comparing the median household income of a census block 

group with that for each city. Low vs. high flood risk was determined by whether any 

part of a census block group fell within the Special Flood Hazard Areas or moderate 

flood hazard areas in US Federal Emergency Management Agency (FEMA) flood maps 

(FEMA https://msc.fema.gov/portal/home). Given our goal to survey full-time 

residents, we excluded census block groups with a median age less than 25, which were 

more likely to comprise temporary resident student clusters near large universities in the 

three cities.  

Next, a random sample of household addresses from each of the 12 strata was 

obtained from the Marketing Systems Group, a vendor that supplies addressed-based 

random samples to research institutions. Structural equation modeling for the larger 

study suggested that a sample size of at least n = 200 per city (total n = 600) was needed 

(Kline, 2015). Informed by previous studies on green infrastructure that employed 

addressed-based mail surveys (Ambrey et al., 2017; Williams et al., 2019), we 

anticipated a 15% response rate to our survey. As a result, we obtained 336 household 

addresses within each of our 12 strata for a total of 1,344 per city and an overall total of 

4,032 households in our mail sample.  

3.2.2.2 Questionnaire design  

Our questionnaire included two sections. The first section displayed 

visualizations of pond landscapes at three water levels. Respondents were asked to rate 

each pond landscape at typical, low, and high water level for its perceived 
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attractiveness, safety, and neatness. Each was rated on a 5-point Likert scale (e.g., 

Attractive = 5, Somewhat attractive = 4, Neither = 3, Somewhat unattractive = 2, 

Unattractive = 1). The second section of the survey included questions about 

respondents’ characteristics and their experiences related to flooding and stormwater 

management.  

We randomly assigned each of the 336 household addresses within each of our 

12 strata to be sent one of eight questionnaire versions. To avoid potential attention 

fatigue, each version of the questionnaire contained only five of the 30 pond landscape 

design alternatives, with each shown at all three water levels. We purposively selected 

these five alternatives to include varied design elements in each questionnaire version: 

all three land use contexts, both steep and shallow basin slopes, and at least three of the 

four types of surrounding plants. Further, to facilitate comparison across all 

respondents, we included one design alternative (a residential pond with shallow slope 

and herbaceous edge from Ann Arbor) in all versions, holding its order constant (the 

third). All other design alternatives were included in at least one but no more than two 

questionnaire versions, and randomly ordered in each version of the questionnaire.  

Visualizations for typical, low, and high water level appeared in order on a 

single page for each pond landscape. Moreover, to facilitate respondents’ understanding 

of water manipulations and land use context, we included text descriptions to 

accompany all visualizations (e.g., “The water level is drawn down before a storm and 

is temporarily higher after a storm.” and “This is a pond in a commercial 

development.”). The questionnaire was color-printed in high resolution as a letter-size 

booklet. There was a brief introduction explaining the concept of stormwater and 

stormwater management practices in non-technical language. Examples of 

questionnaire pages, including the explanatory text, are in Supplementary Materials.  

3.2.2.3 Mail survey procedure 

The survey was administered via the US postal mail in the fall of 2019. A 

postcard was first sent to each of the randomly selected households, notifying residents 

about the project and that a survey would be sent to their home soon. Next, the survey 
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was sent, accompanied by a letter, an informed consent document, a pre-paid return 

envelope, and a $1 pre-incentive. The letter provided information about the project and 

survey, notified residents their household had been randomly selected, and invited a 

‘head of household (someone who is age 18 or older)’ to participate. Respondents who 

completed and returned the survey with a mailing address were mailed a US $10 token 

of appreciation. The survey was reviewed and approved by the University of Michigan 

Institutional Review Board.  

3.2.3 Data analysis 

All analyses of survey data were conducted with R 4.0.2 (R Core Team, 2020). 

The original survey data were encoded at the respondent level, i.e., one row of data per 

respondent. The data were re-structured for analysis so that respondents’ perceptions of 

each pond landscape design alternative at each water level were the unit of analysis, i.e., 

three rows of data for each of the five ponds that respondents were asked to rate (a total 

of 15 data lines per respondent). Data lines for a pond landscape design alternative were 

removed if a respondent did not provide any perception rating for one or more water 

level condition, resulting in a final analytic sample of n = 14,430. 

To account for the non-independent data structure (i.e., that respondents 

reported on multiple pond landscapes at varying water levels and respondents did not 

see the same design alternatives but 5 out of all 30), we employed linear mixed effect 

models, considering both respondent and visualization as “crossed” random effects 

(Baayen, Davidson, & Bates, 2008; Spielhofer, Hunziker, Kienast, Wissen Hayek, & 

Grêt-Regamey, 2021; West, Welch, & Galecki, 2014). Mixed models also have the 

advantage of accounting for variation in data that is not explicitly modelled to specific 

variables, thus improving the generalizability of results to both residents and pond 

landscapes.  

To address our research questions, we conducted mixed effects modeling 

predicting perceived attractiveness, perceived neatness, and perceived safety 

respectively with the R package ‘lme4’ (Bates, Maechler, Bolker, & Walker, 2015). 
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Models with random intercepts for both respondents and pond deign alternatives were 

confirmed by likelihood-ratio tests to have significantly better fit compared to models 

without the random effects. Modeling was executed in two steps to examine main and 

interaction effects. In the main effects models, independent variables included: water 

level (typical level as the reference group), land use context (residential as the reference 

group), basin slope (steep as the reference group), and surrounding plants (mown turf as 

the reference group). Then we tested interactions between water level and the three 

design elements: water level x land use, water level x basin slope, and water level x 

surrounding plants. Based on the interaction effects models, interactions were further 

examined for estimated marginal means for perceptions of typical, low, and high water 

levels among different design elements, as well as contrasts between estimated marginal 

means. R package ‘emmeans’ (Lenth et al., 2021) was employed to calculate and graph 

estimated marginal means and contrast.  

3.3 Results 

3.3.1  Demographic profile of respondents 

The response rate for this survey was 24.2% (n = 974/4032), which was much 

higher than our pre-survey estimate. Table 3.1 shows the demographic and 

socioeconomic profile of the sample.  

Table 3.1 Demographic characteristics of respondents to our mail survey. 

Respondents’ characteristics Survey Respondents (n = 974) 

%a Mean (SD) 

Age (18-103 yrs)  52.1 (18.7) 

Gender (% female) 57.3%  

Race (% non-white) 19.4%  

More than high school education 82.3%  

House tenure (% homeowner) 60.5%  

Household income  (% above $35,000, before tax) 63.2%  

a Valid percentages are given, which exclude missing values.  
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3.3.2  Descriptive statistics: Perceptions of smart ponds 

For all three perceptions, mean scores were lower for low and high water levels 

than the typical water level (Figure 3.4). Low and high water levels were associated 

with different perceptions: the low water level was perceived as less attractive and less 

neat than the high water level, but safer. Further, there were profound variations in 

mean scores by pond landscape design alternatives, especially for low and high water 

levels. This provides descriptive evidence that perceptions of pond landscapes at low 

and high water are moderated by microscale design elements.  

Figure 3.4 Grand means and group means for perceptions by water level.  
Grand means (represented by red triangles, labelled with Mean (SD)) were calculated over all 
observations; and group means (represented by black dots) were calculated for each pond landscape 
design alternative. Note that the grand means are not an average of the groups means because slightly 
different numbers of respondents rated each pond landscape design alternative. 
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3.3.3 Analysis for microscale landscape elements’ effects on perceptions  

3.3.3.1 Main effects of water level 

Our main effects model showed that both high and low water levels of smart 

ponds were perceived as significantly less attractive, safe, and neat than the typical 

water level (Table 3.2). This confirms the differences in mean perception scores shown 

in Figure 3.4 between the typical water level and water level manipulations.  

3.3.3.2 Main effects of design elements 

The main effects models (Table 3.2) showed that ponds in a commercial context 

were perceived as significantly less attractive, safe, and neat than those in a residential 

context, and ponds in greenspace were perceived as significantly safer than those in a 

residential context. Considering basin slope and surrounding plants, ponds with a 

shallow slope were associated with significantly lower ratings across all three 

perceptions than those with a steep slope, and ponds with a woody edge were associated 

with significantly higher ratings for perceived attractiveness than those with a mown 

turf edge. However, given the presence of significant interactions between water level 

and microscale elements, these main effects are most usefully examined and interpreted 

with attention to different water levels. 

 

 

Table 3.2 Main and interactive effects of water level and design elements (i.e., land use context, basin 
slope, and surrounding plants) on perceived attractiveness, safety, and neatness.  

The unstandardized regression coefficients (b) for each independent variable are presented, accompanied 
by the standard error (SE). Significance levels are set as: * p <.05   ** p <.01   *** p <.001. For random 
effects, σ2 denotes the residual variance and τ00 denotes the random effects of respondent and 
visualizations allowing for random intercepts, with standard deviations (SD). The marginal R-squared 
considers only the variance of the fixed effects, and the conditional R-squared accounts for both the fixed 
and random effects (Lüdecke, 2021; Nakagawa, Johnson, & Schielzeth, 2017). 
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 Perceived Attractiveness Perceived Neatness Perceived Safety 
  
Independent Variables Main effects model Interaction effects 

model Main effects model Interaction effects 
model Main effects model Interaction effects 

model 
b (SE) b (SE) b (SE) b (SE) b (SE) b (SE) 

Water level        
Typical water (reference group)                -  - - - - - 
Low water -1.46 (.02)*** -1.30 (.05)*** -1.30 (.02)*** -1.26 (.05)*** -0.63 (.02)*** -0.60 (.05)*** 
High water -1.03 (.02)*** -0.83 (.05)*** -1.08 (.02)*** -0.94 (.05)*** -1.03 (.02)*** -0.94 (.05)*** 

Land use context       
Residential (reference group)                -  - - - - - 
Commercial -0.63 (.14)*** -0.22 (.14) -0.56 (.14)*** -0.20 (.14) -0.37 (.09)*** -0.13 (.10) 
Greenspace 0.01 (.10) 0.14 (.10) 0.04 (.10) 0.11 (.10) 0.18 (.07)* 0.21 (.07)** 

Basin slope       
Steep slope (reference group)                -  - - - - - 
Shallow slope -0.31 (.10)** -0.07 (.11) -0.34 (.10)** -0.14 (.11) -0.23 (.07)** -0.14 (.07) 

Surrounding plants       
Mown turf (reference group)                -  - - - - - 
Woody 0.22 (.10)* 0.13 (.11) 0.11 (.10) -0.01 (.11) 0.14 (.07) 0.10 (.07) 
Herbaceous 0.18 (.15) 0.07 (.15) 0.11 (.15) 0.01 (.15) 0.15 (.10) 0.10 (.10) 
Unmaintained 0.13 (.12) -0.25 (.13) 0.01 (.12) -0.44 (.13)** 0.02 (.08) -0.19 (.09)* 

Interactions       

Low water X Commercial 
 

-1.06 (.07)***  -0.90 (.07)***  -0.47 (.07)*** 
High water X Commercial 

 
-0.17 (.07)*  -0.20 (.07)**  -0.23 (.07)*** 

Low water X Greenspace 
 

-0.44 (.05)***  -0.33 (0.5)***  -0.21(.05) *** 
High water X Greenspace 

 
0.05 (.05)  0.13 (.05)**  0.11 (.05)* 

Low water X Shallow slope 
 

-0.22 (.06)***  -0.14 (.05)*  0.01 (.05) 
High water X Shallow slope 

 
-0.47 (.06)***  -0.45 (.05)***  -0.31 (.05)*** 

Low water X Woody 
 

0.37 (.06)***  0.42 (.05)***  0.17 (.05)** 
High water X Woody 

 
-0.12 (.06)*  -0.07 (.05)  -0.04 (.05) 

Low water X Herbaceous 
 

0.28 (.06)***  0.25 (.06)***  0.06 (.06) 
High water X Herbaceous 

 
0.05 (.06)  0.04 (.06)  0.11 (.06) 

Low water X Unmaintained 
 

0.77 (.06)***  0.80 (.06)***  0.34 (.06)*** 
High water X Unmaintained 

 
0.37 (.06)***  0.47 (.06)***  0.29 (.06)*** 

Random effects       

σ2 1.00 (1.0) 0.95 (.98) 0.98 (.99) 0.94 (.97) 0.87 (.93) 0.86 (.93) 
τ00 0.52 (.72) respondent 0.52 (.72) respondent 0.57 (.75) respondent 0.58 (.76) respondent 0.80 (.90) respondent 0.80 (.90) respondent  

0.05 (.22) visualization 0.05 (.22) visualization 0.05 (.22)visualization 0.05 (.22) visualization 0.02 (.14) visualization 0.02 (.14) visualization 
Observations  14375 14375 14300 14300 14383 14383 
Marginal R2 / Conditional R2 0.214 / 0.500 0.235 / 0.523 0.185 / 0.501 0.205 / 0.523 0.112 / 0.543 0.118 / 0.550 
Deviance 42936.254 42306.716 42609.132 42011.777 41514.684 41303.760 
log-Likelihood -21484.271 -21194.834 -21320.690 -21047.385 -20776.288 -20696.760 
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3.3.3.3 Interactions between water level and design elements 

Our interaction effects models showed many statistically significant interactions 

between water level (low or high versus typical) and design elements (Table 3.2). This 

suggests that the negative effects of low and high water levels on perceptions are 

moderated by design elements. In other words, respondents may perceive low and high 

water levels differently for smart ponds of varying designs. 

Water level × land use  

Land use context of smart ponds differentially affects the association between 

water level and perceptions (Figure 3.5a). For all three perceptions, the negative effects 

of both low and high water levels (compared to typical) were significantly stronger for 

ponds in a commercial context than those in a residential context. Comparing 

greenspace and residential context, the negative effects of low water level on all three 

perceptions were statistically stronger for ponds in a greenspace context than those in a 

residential context. In contrast, the negative effects of high water on perceived neatness 

and safety were statistically stronger for residential ponds than greenspace ponds. For 

perceived attractiveness, the interaction was not significant.  

Further examination of differences in the estimated marginal means reveals that 

low water level is perceived as significantly more attractive in a residential context 

compared to a greenspace context (contrast = 0.298, se = .104, p < .05), while high 

water level is perceived as significantly less safe (contrast = -0.322, se = .072, p < 

.001). There were no significant differences in perceptions of the typical water level 

when comparing ponds in commercial and residential contexts. However, both high and 

low water levels were perceived as significantly less attractive, neat, and safe for ponds 

in a commercial context, especially for low water level. Ponds in a commercial context 

were perceived as significantly less attractive and safe than those in a greenspace 

context for the typical water level (contrast attractive = -0.358, se = .129, p = p < .05; 

contrast safe = -0.344, se = .089, p < .05).  
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Figure 3.5 Interaction effects of (a) land use context, (b) basin slope, (c) surrounding plants on the 
association between water level and perceptions.  
Estimated marginal means were graphed with 95% CI (confidence interval). 

  

Water level × basin slope 

Basin slope of smart ponds differentially affects the association between water 

level and perceptions (Figure 3.5b). For all three perceptions, the negative effects of 

both low and high (compared to typical) water levels were significantly stronger for 

ponds with shallow slopes than those with steep slopes, except for perceived safety 

under low water level.  

Perceptions of typical water level were not significantly different when 

comparing ponds with steep versus shallow basin slopes. In contrast, for both high and 

low water levels, ponds with steep slopes were perceived as significantly more 
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attractive, neat, and safe than those with shallow slopes. The only exception is that low 

water level was perceived as similarly safe among steep and shallow-sloped ponds. 

Water level × surrounding plants 

Surrounding plants of smart ponds differentially affect the association between 

water level and perceptions (Figure 3.5c). Negative effects of low (versus typical) water 

level on all three perceptions were significantly stronger for ponds surrounded by mown 

turf than those surrounded by woody or unmaintained plants. Negative effects of low 

water level on perceived attractiveness and perceived safety were also significantly 

stronger for ponds surrounded by mown turf than those surrounded by herbaceous 

plants. Herbaceous plants and mown turf similarly affect the association between low 

water level and perceived safety. Negative effects of high (versus typical) water level 

were significantly different only when comparing mown turf with woody or 

unmaintained plants. Ponds surrounded by mown turf had significantly stronger 

negative associations between high water level and all three perceptions than ponds 

surrounded by unmaintained plants, and significantly stronger negative associations 

between high water level and perceived attractiveness than ponds surrounded by woody 

plants. 

Further examination of differences in estimated marginal means reveals that, at 

low water level, ponds surrounded by mown turf were perceived as significantly less 

attractive, neat, and safe than those surrounded by woody plants (contrast attractive = -

0.51, se = .11, p < .001; contrast neat = -0.41, se = .11, p < .01; contrast safe = -0.27, se = 

.07, p < .01). They were also perceived as significantly less attractive and neat than 

ponds surrounded by unmaintained plants (contrast attractive = -0.52, se = .13, p < .01; 

contrast neat = -0.37, se = .13, p < .05). In contrast, at high water level, perceptions of 

smart ponds with different surrounding plants were not statistically different.  

Perceptions of the typical water level were not significantly different when 

comparing ponds surrounded by different plants – except for when the plants are not 

regularly maintained. Ponds surrounded by unmaintained plants were perceived as 

significantly less neat than those surrounded by mown turf (contrast = -0.44, se = .13,  p 
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< .05), and as significantly less attractive, neat, and safe than ponds surrounded by 

woody plants (contrast attractive = -0.38, se = .13, p < .05; contrast neat = -0.42, se = .13, p 

< .05; contrast safe = -0.28, se = .09, p < .05).  

3.4 Discussion   

This study investigated public perceptions of stormwater retention ponds 

managed by smart systems. We found evidence that microscale landscape elements may 

dramatically affect residents’ perceptions. Smart ponds in which water level is 

intentionally manipulated to enhance stormwater regulating capacity risk degrading 

landscape experiences. However, how residents perceive water level changes also 

depends on the overall pond landscape. This suggests that design elements may help 

temper the negative effects of manipulated water levels on perceptions. Below, we 

discuss our specific findings as related to previous studies on public perception of 

stormwater ponds and illuminate the implications for planning, design, and management 

of smart ponds and broader smart NBS practices.  

3.4.1 Effects of water level and design elements on perceptions of smart ponds 

People may be familiar with the typical water condition of stormwater retention 

ponds and their experiences can be degraded when pond water levels are manipulated in 

visible ways. In our study, respondents perceived both low and high water levels as 

significantly less attractive, neat, and safe than the typical water level of stormwater 

retention ponds. Moreover, low versus high water level may affect landscape 

experiences of smart ponds differently. In general, ponds are likely to be perceived as 

less attractive with low water level than with high water level, and less safe with high 

water level than with low water level. Differences in perceived neatness of low and high 

water levels were smaller.  

These results are consistent with previous studies that suggest low aesthetic 

preferences for water bodies with visible sediments (Cottet et al., 2013; Flotemersch & 

Aho, 2021) and little surface water (Dobbie, 2013; Völker et al., 2016). They also 

support observations about safety concerns associated with stormwater ponds (Bastien 
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et al., 2012; Jarvie et al., 2017) and residents’ worries about flooding related to 

temporary detention (Williams et al., 2019). Our results enrich this literature by 

explicitly providing evidence on the relationship between perception and water level in 

ponds. Our study indicates that, visible, unfamiliar landscape changes introduced by 

smart stormwater systems may undermine pleasant everyday experiences valued by 

residents. While these changes support and benefit stormwater management, the 

pleasant experiences offered by more familiar, stable conditions of visible water might 

be a higher priority for nearby residents.  

However, the potential degradation of residents’ experiences by water level 

changes needs to be understood as part of the overall pond landscape. Notably, we 

found that the effects of water level changes on perceptions are affected by microscale 

design elements including land use contexts, surrounding plants, and pond basin slopes. 

Our results showed that water level manipulations can be perceived dramatically 

different across different pond designs. Although microscale design elements may not 

fully ameliorate the negative effect of water level changes, certain design choices 

promise to elicit more positive experiences than others.  

That residents may perceive water level changes differently under different pond 

designs might be attributed to shared expectations for how stable a landscape should 

appear in a specific locale. For example, people may perceive water level changes in a 

commercial context as far more negative than that in a residential or greenspace context 

because they expect businesses to maintain an attractive, neat, welcoming landscape 

appearance. The interactions between water level and design elements could also be 

attributed to the visibility of water. For example, water level changes in a steep-sloped 

pond can be less visible and noticeable than those in a shallow, gradual sloped pond due 

to the blocking of the bank, and consequently, have more positive effects on perception.  

Furthermore, our study suggests that a design element might affect residents’ 

perceptions under water level manipulations in very different ways than under the 

typical water condition. For example, a large literature concludes that mown turf 

contributes to perceived attractiveness and neatness around stormwater ponds or 
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wetlands (Hu, Yue, & Zhou, 2019; Li & Nassauer, 2020; Nassauer, 2004), while 

“messy-looking”, unmaintained plants are often disliked (Bastien et al., 2012; 

Flotemersch & Aho, 2021; Suppakittpaisarn et al., 2019). Our study shows that, when at 

low water level, ponds surrounded by mown turf are likely to be perceived as 

significantly less attractive and neat than ponds surrounded by regularly maintained 

woody plants or by unmaintained volunteer plants. We note that, compared with taller 

plants, mown turf allows unimpeded sight lines to unattractive sediments at low water. 

Moreover, we speculate that manicured mown turf around ponds signals expectations 

for neatness, while pond appearance at the low water level may signal neglect or 

malfunction. These contradictory perceptions may not be compatible. 

In contrast with low and high water levels, at typical water levels, perceptions of 

varied pond landscape designs were significantly different only when comparing a few 

design elements (e.g., unmaintained surrounding plants versus mown turf or woody 

plants, commercial versus greenspace context). Consistent with abundant literature that 

associates native plants around wetlands and ponds with messiness (Bastien et al., 2012; 

Flotemersch & Aho, 2021; Jarvie et al., 2017; Nassauer, 2004), our results showed that 

unmaintained surrounding plants were perceived as significantly less positive than other 

surrounding plants (Figure 3.5c). However, respondents in our study did not show 

strong preferences for mown turf over woody plants as some studies have reported (Hu, 

Hansen, & Monaghan, 2017). We also found that ponds in greenspace contexts were 

perceived as significantly more attractive, neat, and safe than those in commercial 

contexts and safer than those in residential contexts at typical water levels (Figure 3.5a). 

These findings provide nuance to those reported in previous studies that indicate 

positive (Nassauer, 2004) or negative (Rooney et al., 2015) effects of “natural” contexts 

(e.g., nature reserve, protected area) on perceptions and landscape experiences. 

Considering basin slope, similar to what Bastien et al. (2012) have observed, we found 

no obvious differences in perceived safety when pond slopes are less steep. 

Compared with perceived neatness and attractiveness, perceived safety of smart 

ponds might be more strongly shaped by past experiences of flooding or demographic 

and socioeconomic characteristics (Lechowska, 2018) than by microscale landscape 
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elements. In our study, main effects and interaction effects models for perceived safety 

showed smaller marginal R-squared yet greater conditional R-squared than perceived 

attractiveness and neatness (Table 3.2). This suggests that variations in our respondents‘ 

ratings of safety were explained by microscale elements to a lesser degree than 

variations in their ratings for the other two perceptions. Further, respondent 

characteristics may have greater impacts on perceived safety, a topic that is in need of 

further research.  

3.4.2 Implications for the design, planning, and management of smart stormwater 

systems 

Overall, our study suggests that attention to public perception is necessary to the 

success of smart ponds and NBS broadly. Specifically, manipulation of pond water 

levels may undermine urban residents’ experience of stormwater ponds, with 

implications for human well-being as well as public support for smart system adoption 

(Li & Nassauer, 2021). Moreover, though beyond the scope of this paper, ecological 

implications of water level manipulation must also be considered – for example, 

whether flashy manipulated water levels, coupled with steep slopes, threaten habitats 

and biodiversity and impact sedimentation and carbon accumulation (Moore & Hunt, 

2012; Rooney et al., 2015). Such implications are also related to residents’ perceptions 

given that wildlife is widely valued in everyday experiences that pond landscapes can 

offer (Bastien et al., 2012; Nassauer, 2004; Williams et al., 2019). If smart stormwater 

systems are to provide a more complete set of ecosystem services, their development 

should integrate measures informed by both public perception and ecological functions 

(Kabisch et al., 2016; Keeler et al., 2019; Raymond et al., 2017).  

Our results suggest that design, planning, and management choices can affect 

residents’ perceptions of water level manipulations with implications for these potential 

impacts. Design approaches should be pursued to mitigate possible negative perceptions 

of smart ponds’ attractiveness and safety in commercial settings. In residential settings, 

our results suggest that smart pond design may benefit from reshaping basin slopes to 
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be steeper, and by planting trees or perennial flowers in the surroundings. In low-lying 

areas, adoption of smart systems may be prioritized in greenspace contexts, given that 

extra retention and resulting high water level are less likely to arouse safety concerns 

and fear in greenspace. Moreover, opportunities to provide other ecosystem services 

such as biodiversity support and carbon sequestration should be pursued – for example, 

introducing low-maintenance woody and herbaceous plants in some less accessible 

sections (Hassall, 2014; Moore & Hunt, 2012).  

Knowing which microscale elements in pond landscapes are important for 

public perception of smart ponds, managers can also design public outreach more 

effectively to address residents’ concerns (Derkzen, van Teeffelen, & Verburg, 2017). 

For example, communication strategies can be tailored to specific land use contexts. In 

residential contexts, they may target safety concerns related to high water levels and 

emphasize the intentional, controlled water level manipulations; in greenspace contexts, 

they can focus on articulating when to expect low water level conditions and how it 

prepares the community for extreme storms. 

3.4.3  Limitations 

Limitations of our study suggest grounds for carefully and critically drawing on 

the study results and related implications when considering smart systems adoption for 

specific ponds and other NBS for stormwater management. First, using visualizations to 

collect perception data addressed only visual qualities of smart ponds. Other sensory 

experiences such as smell and sound can influence residents’ perceptions (Flotemersch 

& Aho, 2021). This could be a further concern for smart stormwater systems that may 

produce a foul odor from dampened or saturated soils and sediments. Moreover, the still 

visualizations employed in our study depicted discrete water level conditions, and the 

timeframe for water level change was described verbally. This can feel different from 

real-world experiences that take place over time. Therefore, future research may 

investigate in-situ experiences through, for example, on-site interviews, or explore how 

the dynamic process of water level manipulation may affect perception.  
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Second, although our data analyses have accounted for random effects 

associated with respondents, the study results may not be generalizable to communities 

that are distinct from the three in our sample. This is particularly relevant for perceived 

safety, for which variation might be more attributable to past experiences of flooding 

and demographic characteristics. Future research may examine whether respondents’ 

past experiences with flooding or their home location relative to flood zones affect 

safety perceptions of smart ponds. Further, while we recognize that perceptions can 

have important implications for support, we did not explicitly examine residents’ 

support for smart systems adoption and how their support is related to perception. 

Finally, visualizations for our study employed a uniform prototype of a rounded 

shape pond, with design elements shown only in a small area around the edge of ponds. 

Responses to smart ponds with varied shapes, more varied planting compositions, and 

more complex edge conditions could be different. Further, these more complex designs 

could prioritize different landscape experiences and other ecosystem services in 

different zones, especially when a large area of land is allocated for smart ponds.   

3.5  Conclusion 

Smart technologies are changing how cities function, including the management 

of everyday urban landscapes and their embedded ecosystems. Smart stormwater 

systems may better prepare cities to respond to climate change and aging infrastructure. 

However, enhancement of stormwater regulating services cannot automatically ensure 

pleasant everyday experiences, a critical cultural ecosystem service, or other ecosystem 

services such as habitat provision. Rather, noticeable yet unfamiliar changes that smart 

systems introduce into the urban landscape can degrade landscape experiences valued 

by nearby residents.  

Focusing on the example of smart ponds, our study offers insights into residents’ 

perceptions related to water level manipulations and other design elements of land use 

context, basin slopes, and surrounding plants, with implications for planning, design, 

and management. We found that high and low water levels are likely to degrade 
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landscape experiences, but their negative effects may be moderated by planning and 

design choices. In general, adoption of smart ponds may be prioritized in residential 

neighborhoods and greenspace over commercial contexts. Moreover, avoiding shallow 

basin slopes and mown turf around ponds may help to alleviate negative effects of water 

level manipulation on perceptions. In contrast, steeper basin slopes and surrounding 

woody and herbaceous plants may contribute to more positive perceptions, as long as 

regular maintenance can keep pond landscapes looking attractive and neat at the typical 

water condition.  

With promise for promoting collective stormwater regulating services at a 

catchment or watershed scale, smart NBS like smart ponds could serve as a ubiquitous 

measure of climate change resilience and adaptation in cities. We assert that 

considerations about how such practice could change residents’ everyday landscape 

experiences must be integral to its implementation. Everyday landscape experiences can 

have far-reaching implications for urban residents’ well-being as well as public support 

for smart NBS. To avoid degrading landscape experiences that residents value, adopting 

smart systems to manage urban landscapes requires considerations about microscale 

landscape elements – both those directly controlled by smart systems and those shaped 

by broader landscape planning, design, and management choices. 
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Chapter 4  Experience of Localized Flooding Predicts Perceptions of Urban Flood 

Risk and Perceived Safety of Nature-based solutions 

 

 

 

 

 

 

 

Abstract 

Understanding community members’ flood risk perception is critical to developing new 

approaches to manage flood risks and enhance resilience under climate change. “Risk as 

feelings” has informed thinking around how people perceive flood risks in an intuitive, 

experiences-based way that differs from experts’ technical assessment. This paper 

expands the current use of “risk as feelings” and investigates community members’ 

perceptions of stormwater dynamics visible in everyday urban landscapes including 

both localized flooding and intentional stormwater detention in nature-based solutions 

(NBS). We examine risk perceptions of localized flooding and perceived safety of 

innovative vs. traditional NBS practices under the storm condition, including floodable 

sites, a novel NBS practice that temporarily inundates urban open spaces in wet weather 

and retention ponds, a familiar NBS practice that can hold extra water. Data were 

collected through visualization-assisted surveys with residents from high and low flood 
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hazard areas in three US cities (n = 884). We found that respondents who noticed 

standing water near their homes more frequently were more worried about potential 

property damage caused by localized flooding. Further, they also perceived floodable 

sites as less safe. However, such experiences of localized flooding did not affect 

perceived safety of high-water-level retention ponds. Other contextual and socio-

demographic factors, including prior stormwater-related property damage, knowledge 

and involvement of stormwater management issues, gender, age, race, and having 

young children, also influenced flood risk perception and perceived safety of NBS in 

different ways. We conclude by discussing the implications of these findings for urban 

stormwater management and NBS development.  

 

Keywords: urban flooding; risk perception; stormwater management; community 

resilience; green infrastructure 
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4.1 Introduction   

Climate change, coupled with urban development and aging infrastructure, is 

increasing flood risks in cities worldwide (Berndtsson et al., 2019; National Academies 

of Sciences & Medicine, 2019; O'Donnell & Thorne, 2020). As a result, the 

management of urban stormwater and flooding risks is moving from resistance to 

resilience, the capacity to absorb, recover from, and adapt to extreme storm events and 

their uncertain impacts (Disse, Johnson, Leandro, & Hartmann, 2020; Liao, 2012; 

McClymont, Morrison, Beevers, & Carmen, 2020). Such a shift calls for changes in 

urban landscapes to make space for water. Nature-based solutions (NBS) are widely 

explored as a promising approach. NBS include various practices (e.g., retention ponds, 

detention swales and basins, constructed wetlands) that seek to use natural processes to 

manage stormwater and mitigate flooding while offering other societal benefits 

(Axelsson, Soriani, Culligan, & Marcotullio, 2021; Hobbie & Grimm, 2020; O'Donnell 

et al., 2020). One increasingly discussed NBS innovation is floodable sites, urban 

spaces designed to accommodate different dry and wet weather functions (Ashley, 

Gersonius, & Horton, 2020; Kuang & Liao, 2020; La Loggia, Puleo, & Freni, 2020; 

Palazzo, 2019). In dry weather, they accommodate everyday activities (e.g., recreation, 

parking, light traffic); in wet weather, they are temporarily inundated to mitigate 

flooding and enhance flood resilience.  

A challenge to more resilient management of stormwater and flooding risks is 

that the general public may have different risk perceptions from experts (Birkholz, 

Muro, Jeffrey, & Smith, 2014; Kellens, Terpstra, & De Maeyer, 2013; Lechowska, 

2021). Lack of experience of flooding can lead to low perceived flood risks among 

community members, hindering adaptive behaviors such as insurance purchase and 

adoption of household mitigation measures (Wachinger et al., 2013). Furthermore, 

public acceptance of NBS can be affected by benefits people can directly experience 

(e.g., aesthetic and recreational), and community members may not support NBS that 

lack such benefits despite their functions for climate change adaptation (Anderson & 
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Renaud, 2021; Derkzen, van Teeffelen, & Verburg, 2017; Frantzeskaki, 2019; Han & 

Kuhlicke, 2019; Li & Nassauer, 2021).  

Prior research has drawn on “risk as feelings” to conceptualize risk perception of 

major riverine and coastal flooding, highlighting its subjective nature and dependence 

on personal experiences (Botzen, Aerts, & van den Bergh, 2009; Kellens et al., 2013; 

Lechowska, 2018; O'Neill, Brereton, Shahumyan, & Clinch, 2016; Wachinger, Renn, 

Begg, & Kuhlicke, 2013). However, little attention has been paid to urban pluvial 

flooding, which occurs more frequently and poses great cumulative damage (National 

Academies of Sciences & Medicine, 2019; Netzel, Heldt, Engler, & Denecke, 2021). 

Furthermore, to our knowledge, no study has examined perceived risks related to 

interventions like floodable sites that temporarily inundate urban spaces to manage 

stormwater. In cities, drainage systems have long been adopted to quickly remove 

stormwater from built areas, treating standing water as a nuisance and disturbance to 

daily activities (Ashley, Gersonius, & Horton, 2020; Kuang & Liao, 2020; Tempels & 

Hartmann, 2014). As a result, urban residents may have negative affective reactions 

toward stormwater ponding, puddling, and localized flooding based on lived 

experiences. Also, they may intuitively perceive novel NBS practices such as floodable 

sites as unsafe.  

This paper uses “risk as feelings” as an organizing framework to investigate 

perceived risks related to urban stormwater dynamics, aiming to offer new insights for 

managing urban flooding, especially through NBS. “Risk as feelings” suggests that 

people can quickly and intuitively perceive how risky or dangerous a situation is, based 

on their lived experience (Loewenstein, Weber, Hsee, & Welch, 2001; Slovic, 

Finucane, Peters, & MacGregor, 2004). Such perceptions involve affective processing, 

the rapidly occurring perception of something as good or bad, which differs from 

analytical estimates of the probability of a hazard and its potential damages (Disse et al., 

2020; Slovic, MacGregor, & Peters, 1998).  

Importantly, we take a theoretical perspective of landscapes as a visible medium 

in everyday lived experience (Nassauer, 2012) and, therefore, a stimulus for intuitive 
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feelings of risk. We define visible stormwater dynamics here as the phenomenon of 

water temporarily covering typically dry land, which includes both uncontrolled 

localized flooding and intentional water detention in NBS. We investigate how people 

with different past experiences with localized flooding perceive the risk of urban 

flooding as well as NBS that embody visible stormwater dynamics, focusing on the 

perceived safety. We compare two NBS practices: floodable sites, a novel NBS practice 

that temporarily inundates urban landscapes under the storm condition; stormwater 

retention ponds, a familiar NBS practice that can hold excess water under the storm 

condition. We also examine how other contextual and socio-demographic factors may 

affect perceived flood risks and perceived safety of NBS.  

4.2 Background  

4.2.1  “Risk as feelings”  

The concept of “risk as feelings” (Loewenstein et al., 2001; Slovic et al., 2004) 

is embedded in a broader theory in cognitive psychology and neuroscience that humans 

use a “dual process” model to comprehend the world. In this model, affective (i.e., 

feeling good or bad) processing is often labeled experiential, intuitive, and automatic; 

cognitive processing is often labeled analytical, deliberative, and based on explicit 

reasoning (Epstein, 1994; Kahneman, 2011). Both processes are now recognized as 

integral to human decision-making processes. When faced with risk or uncertainty, 

though, people are prone to make judgements driven by how they feel about an outcome 

rather than by deliberation about its probability and consequences (Slovic et al., 2004). 

For example, if people have unfavorable feelings toward using pesticides, they tend to 

perceive high risk and low benefit; if they have favorable feelings, they tend to perceive 

the opposite (Alhakami & Slovic, 1994). 

Affective reactions largely depend on associative processing (i.e., using 

principles of similarity), and past experiences can trigger strong affective and emotional 

reactions to current ones (Loewenstein et al., 2001). Through lived experience and 

learning, certain sights, sounds, smells, ideas, and words can become associated with 
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positive and negative feelings, forming “affective images” that guide responses in future 

situations (Slovic et al., 1998). Consequently, factors unrelated to the issue being 

considered, such as how vividly an outcome is described or mentally represented, can 

also impact affective reactions (Loewenstein et al., 2001). For example, after looking at 

photos of houses during a flood, respondents considered living in a neighborhood with a 

1% chance of a severe flood in a year as riskier than participants who did not see such 

photos (Keller, Siegrist, & Gutscher, 2006).  

“Risk as feelings” suggests that people’s perceived risk of a phenomenon can be 

affected by their experiences of the same phenomenon or a different one with similar 

perceptible characteristics. Related to urban stormwater, because drainage systems in 

cities have long been designed to quickly remove runoff to discourage ponding and 

puddling, people may feel unpleasant and unsafe when seeing standing water in 

everyday urban landscapes. As a result, such visible stormwater dynamics may be 

perceived as unsafe even when they result from intentional stormwater detention, 

especially among people with experiences of localized flooding.  

4.2.2 Flood risk perception  

Flood risk perception denotes how people intuitively and subjectively 

comprehend flood risks, often framed in contrast to experts’ assessment of risks in a 

technical manner (Birkholz et al., 2014; Kellens et al., 2013; Lechowska, 2021; 

Wachinger et al., 2013). As the communication and management of flood risks 

increasingly involve the general public and community members, understanding flood 

risk perception is critical. Studies on flood risk perception have operationalized it in 

various ways using both single or multiple items (Kellens et al., 2013). Specific 

measures include perceived probability of flooding, perceived damage of flooding, 

perception of the overall level of flooding risk, worry about flooding, and awareness of 

living in a flood zone (Altarawneh, Mackee, & Gajendran, 2018; Botzen et al., 2009; 

Kellens et al., 2013; Lechowska, 2021; O'Neill et al., 2016; Wachinger et al., 2013).  
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In the context of major riverine and coastal flooding, many studies have 

observed strong effects of flood experience on risk perception, and reviews have used 

“risk as feelings” to explain this finding (Kellens et al., 2013; Lechowska, 2018; 

Wachinger et al., 2013). Prior studies also drew on this framework to hypothesize 

factors that may affect risk perception (Botzen et al., 2009; Kellens et al., 2013; O'Neill 

et al., 2016). For example, Botzen et al. (2009) hypothesized that experiences with 

flooding or evacuation may cause or reinforce negative feelings toward flooding and 

found that individuals who had experienced or been evacuated for a major flood event 

in Netherlands’ history reported a higher perceived probability of flooding. Besides 

flood experience, living closer to waterways may predict greater perceived risks of 

flooding (Bubeck, Botzen, & Aerts, 2012). Moreover, factors related to socio-

demographic chracteristics (e.g., age, gender, income, education, having young 

children) may also influence flood risk perception, though their reported effects are 

mixed (Kellens et al., 2013; Lechowska, 2021; Wachinger et al., 2013).  

Risk perceptions of pluvial flooding in cities has received little attention to date. 

A recent study in two German cities found that respondents were aware of heavy rains 

in Germany but rarely perceived it as a risk to themselves (Netzel et al., 2021). In 

addition, experiences of pluvial flooding, older age, and lower education level predicted 

greater perceived personal risk. However, this study measured perceived risks as a 

latent variable based on questions about the expected occurrence and damage of heavy 

rains rather than addressing affective aspects of risk.  

4.2.3 Novel NBS for urban flood resilience  

Many government agencies and organizations are developing NBS for urban 

stormwater and flood risk management (Ashley et al., 2020; Axelsson et al., 2021; 

Fletcher et al., 2014; Lennon, Scott, & O'Neill, 2014; O'Donnell et al., 2020). NBS may 

help mitigate localized flooding against increasingly extreme storm events by 

infiltrating and storing stormwater in the landscape with engineered landforms, soils, 

and plants (Fletcher et al., 2014; Han & Kuhlicke, 2019). 
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Recently, floodable sites have been discussed as a novel NBS that can leverage 

larger areas and more diverse types of urban paces to manage stormwater (La Loggia, 

Puleo, & Freni, 2020; Liao, 2012; Palazzo, 2019). For example, recreational fields and 

minor streets have been proposed to hold or convey stormwater temporarily in planning 

frameworks (Bertilsson et al., 2019; Rogers et al., 2020), simulation models (Lund et 

al., 2019), and design projects (Mariano & Marino, 2018; Silva & Costa, 2018). Such 

floodable sites are designed to transition between dry and inundated conditions to 

increase the stormwater management capacity of a city and realize more flexible uses of 

urban landscapes. Moreover, some scholars have argued that introducing such practices 

may help urban residents observe and learn about stormwater dynamics, thus 

encouraging a shift in social-cultural norms to “live with water” and “make space for 

water” (Kuang & Liao, 2020; Lennon et al., 2014; McClymont et al., 2020; Silva & 

Costa, 2018). Scant research exists on how people perceive such novel NBS practices, 

but there are anecdotes of residents calling a water plaza designed as a floodable 

landscape a “drowning plaza” (Silva & Costa, 2018).  

In addition, community members’ perceptions of NBS practices may also 

depend on contextual factors – both situational (e.g., environmental knowledge, socio-

demographic characteristics) and landscape related (e.g., landscape types, land use, 

spatial extent) (Gobster, Nassauer, Daniel, & Fry, 2007). Broader literature on public 

perception of NBS for stormwater management suggests that environmental knowledge 

may encourage a more positive perception of practices that may not widely viewed as 

desirable such as constructed wetlands (Feng & Nassauer, 2022; Flotemersch & Aho, 

2021; Venkataramanan et al., 2020). Perception of NBS has also been reported to relate 

to socio-demographic factors such as age, gender, race, education, and income, but with 

inconsistent results (Anderson & Renaud, 2021; Feng & Nassauer, 2022; Flotemersch 

& Aho, 2021; Han & Kuhlicke, 2019; Venkataramanan et al., 2020).  
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4.2.4 Research questions  

In this study, we address three groups of questions related to perceptions of 

flood risks and the safety of different NBS practices under the storm condition:  

1) Does community members’ experience of localized flooding affect their 

perceived flood risks? What other contextual and socio-demographic factors may have 

an impact?  

2) Are floodable sites, a novel NBS practice that temporarily inundates urban 

landscapes, perceived as unsafe under the storm condition? Is their perceived safety 

affected by community members’ experience of localized flooding? What other 

contextual and socio-demographic factors affect community members’ perceptions?  

3) Are high-water-level stormwater retention ponds, a familiar NBS practice that 

temporarily holds more water under the storm condition, perceived as safer than 

inundated floodable sites? What contextual and socio-demographic factors may affect 

the perceived safety of retention ponds under high water levels?  

4.3 Methods 

4.3.1 Study area 

We conducted a mail survey in three US cities: Ann Arbor, Michigan, South 

Bend, Indiana, and Knoxville, Tennessee. In recent years, all three cities have 

experienced severe urban flooding in recent years (e.g., South Bend in February 2018, 

Knoxville in February 2019, and Ann Arbor in June 2021). Further, these cities may 

also face growing flood risks. For example, the First Street Foundation (2022) projects 

that, for the next 30 years, Ann Arbor has a moderate risk of flooding, with 4% of 

properties (1,345) having over a 26% chance of being severely affected by flooding. 

South Bend and Knoxville have a major risk of flooding, with 11% of properties (5,431 

and 8,379, respectively) having over a 26% chance of being severely affected by 

flooding. 
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4.3.2 Sampling methods 

To include respondents with potentially varied experiences of flooding, we 

employed a stratified random sampling method to recruit survey respondents for our 

survey. We first applied a factorial design to categorize census block groups in each city 

into four strata, considering low/high income and low/high flood hazards. High versus 

low income was based on comparisons of a census block group’s median household 

income to the city’s median household. High versus low flood hazards was based on 

whether a census block intersects with the Special Flood Hazard Area (100-year flood) 

and moderate flood hazard areas (500-year flood) designated by FEMA 

(https://msc.fema.gov/portal/home). We excluded block groups with a median age of 

less than 25 to avoid recruiting participants from areas populated by students near major 

universities who are temporary residents.  

Then we randomly selected 336 household addresses within each of the strata to 

receive the survey invitation, resulting in a mail sample of a total of 4,032 household 

addresses from the 12 strata across the three cities. This sample size was based on 

structural equation modeling that suggested a minimum of n = 200 per city (Kline, 

2015) and an estimated response rate of 15% based on previous studies on green 

infrastructure that used a mail survey (Ambrey et al., 2017; Williams et al., 2019).  

4.3.3 Survey design 

4.3.3.1 Landscape visualizations to represent NBS practices 

We developed landscape visualizations for floodable sites and stormwater 

retention ponds to represent NBS practices. This is a widely used method to study 

visual perception of landscapes (Jorgensen, Hitchmough, & Calvert, 2002; Sevenant & 

Antrop, 2011). Moreover, realistic visual imagery may help ground new information 

and facilitate understanding of possible landscape futures (Sheppard, 2005), which is 

particularly useful for representing novel NBS like floodable sites because these 

practices are unfamiliar to the general public.  
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Our team manipulated photos of potential sites for NBS development in the 

three study cities in Adobe Photoshop CC to create visualizations. These visualizations 

realistically depicted floodable sites and stormwater retention ponds under both storm 

and non-storm conditions (Figure 4.1). Floodable sites were shown as both dry and 

inundated in two different locations (i.e., basketball courts in greenspace and parking 

lots around building complexes), with two replicate sites for each location. Stormwater 

ponds were shown at both typical and high water levels and with different combinations 

of design choices (i.e., basin slopes, surrounding plants, and land use), with two 

replicate sites for each landscape design alternative. Details about stormwater ponds 

visualization development and assignment to respondents are in another paper (Li et al., 

2022). 

Figure 4.1 Examples of visualizations for floodable sites and retention ponds under storm and non-storm 
conditions.  
Image credit: The Landscape Ecology, Perception, and Design Lab, University of Michigan. 
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4.3.3.2 Questionnaire design 

The questionnaire used in the survey had two sections. The first part displayed 

visualizations for floodable sites and stormwater ponds under storm and non-storm 

conditions. Respondents were asked to rate their perceptions of each site under each 

condition. The visualizations were color-printed in high resolution and laid out on a 

single page for comparison, with a short statement describing that respondents were 

seeing a stormwater management practice under different storm conditions (e.g., “This 

is a basketball court. It holds water only temporarily, after a storm.”). The second part 

of the questionnaire contained questions asking respondents about their experiences 

with flooding, worry about potential damages caused by stormwater, knowledge and 

behaviors related to general environmental and stormwater issues, and socio-

demographic characteristics. The measures used in this study are explained in detail in 

Section 4.3.4.1.  

To reduce the potential for attention fatigue or effects of visualization ordering, 

we created eight sets of questionnaires with different visualizations and respondents 

were randomly assigned to receive one of the eight sets. Each set had one floodable site 

and five randomly ordered stormwater pond landscapes. A balanced assignment of 

visualizations among the questionnaire sets ensured that each set contained varied 

design options (Li et al., 2022).  

4.3.3.3 Survey procedure  

We administered the survey via the US postal mail in 2019. To increase the 

response rate, we first introduced the project and upcoming survey by postcard. Next, 

we mailed the questionnaire with an explanatory letter, an informed consent document, 

a pre-paid return envelope, and a $1 pre-incentive. The letter provided information 

about the project and survey and invited a household member at least 18 to participate. 

A US $10 token of appreciation was offered to respondents who completed and 

returned the survey.  
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4.3.4 Data analysis 

The overall survey response rate was 24.2% (974/4032). We excluded 

respondents who did not provide information on their addresses to confirm that they 

were inside our sampling area. We used this sample (n = 884) in subsequent data 

analysis. We used R 4.0.2 (R Core Team, 2020) for data analysis. 

4.3.4.1 Measures  

To address the research questions, we focused on three independent variables: 1) 

flood risk perception, 2) perceived safety of floodable sites under the storm condition, 

and 3) perceived safety of retention ponds under the storm condition.  

To operationalize these variables, we used the following items. Regarding flood 

risk, respondents rated how much they would worry about potential damages to their 

home or property when noticing standing water caused by water from rain or melting 

snow near home on a 4-point Likert scale (Do not worry at all = 1, Worry a little = 2, 

Worry some = 3, Worry a lot = 4). Perceived safety of floodable sites and stormwater 

ponds was measured by each respondent’s rating of the site as shown in the 

questionnaire on a 5-point Likert scale (Dangerous = 1, Somewhat dangerous = 2, 

Neither = 3, Somewhat safe = 4, Safe = 5). Table 4.1 summarizes the explanatory 

variables in our analysis. 
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Table 4.1 Coding of explanatory variables for data analysis.  
Including experiences with localized flooding and other contextual and socio-demographic fact 

Variable  Mean (SD) Percent of 
response Description  

Frequency of noticing 
standing water near 
home a  

1.93(0.66)  Integral variable: range 1-4, where 1 indicates “never” 
and 4 indicates “always”. 

Contextual factors    

Stormwater-related 
property damage  21.9 

Dummy variable: 1 indicates that a respondent had 
spent money due to damages caused by stormwater in 
any locations including basement, home, driveway, 
and yard in the past 2 years.  

Living in high flood 
hazard areas  52.1 

Dummy variable: 1 indicates that a respondent was 
sampled from strata with high flood hazard based on 
FEMA hazard maps.  

Perceived home location 
relative to flood zone  4.5 Dummy variable: 1 indicates that a respondent thought 

their home located in officially designated flood zone.  

Knowledge of local 
water quality 2.28(0.94)  

Categorical variable: range 1-4, where 1 is knowing 
nothing  about water quality in nearby lakes, rivers, 
and streams and 4 indicates knowing a lot. 

Participation in activities 
to address stormwater 
management issues  

 16.7 

Dummy variable: 1 indicates that a respondent had 
acted to influence issues or policy related to 
stormwater management in their community in the 
past two years. 

Participation in activities 
to promote stormwater 
management  

 21.3 

Dummy variable: 1 indicates that a respondent had 
supported flooding or stormwater management 
specifically through donation, volunteering, 
organization leadership, or voting in the past two 
years.  

Participation in activities 
to promote 
environmental 
sustainability in general  

 73.0 

Dummy variable: 1 indicates that a respondent had 
supported environmental sustainability generally 
through donation, volunteering, organization 
leadership, or voting in the past two years.  

Socio-demographic 
factors    

Age 51.73(18.80)  Measured as an interval (18-103 years old) 

Gender   57.2 Dummy variable: 1 indicates that a respondent was 
female 

Race   19.6 Dummy variable: 1 indicates that a respondent was 
non-white 

Education attainment  3.80(1.16)  

Measured as an interval: 1 = Less than high school, 2 
= High school or equivalent, 3 = Some college or 
Associate’s degree, 4 = Bachelor’s degree, 5 = Post-
graduate degree 

Household Income 4.01(2.19)  
1 = Less than $20k, 2 = 20k-35k, 3 = 35k-50k, 4 = 
50k-65k, 5 = 65k-80k, 6 = 80k-100k, 7 =  More than 
100k 

Have children of 12 or 
younger in the 
household 

  Dummy variable: 1 indicates that a respondent’s 
household had children of 12 or younger 
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Notes: a Measured as a composite item based on the average ratings across the frequency of noticing flooding or 
standing water in five locations: home driveway, home yard, neighbor’s property, street, and nearby block, in the past 
two years when there was rain or snow melting. The original separate ratings were based on a 4-point Likert scale 
(Never =1, Sometimes = 2, Often =3, Always = 4). Cronbach’s alpha for the scale was 0.81. 
 

4.3.4.2 Statistical analysis 

We examined descriptive statistics for: experience of localized flooding, 

stormwater-induced property damage in the past, knowledge and involvement of 

general environmental and stormwater-specific issues, and socio-demographic 

characteristics. We excluded “perceived home location relative to flood zone” as an 

explanatory variable in further data analysis due to its low variability: while 52.1% of 

sampled respondents lived in high flood hazard areas, only 4.5% identified themselves 

as living in an officially designated flood zone. We also calculated descriptive statistics 

to compare the perceived safety of floodable sites and stormwater ponds under storm 

and non-storm conditions. Specifically, perceived safety of stormwater ponds was 

averaged across ratings for the five pond landscapes each respondent saw.  

We conducted multiple linear regression modeling to test the effects of 

experience of localized flooding, as well as other contextual and socio-demographic 

factors on 1) flood risk perception, 2) perceived safety of floodable sites under the 

storm condition, and 3) perceived safety of stormwater ponds under the storm condition, 

using p-value < 0.05 as the threshold of significance. To model perceived safety of 

floodable sites and stormwater ponds under the storm condition, we controlled for 

perceived safety under the non-storm condition for both NBS practices (i.e., dry 

floodable sites and typical-water-level ponds). We then calculated and presented the 

unstandardized (b) and standardized (b) coefficients for each of the three models.  

4.4 Results 

4.4.1 Survey respondents’ profile  

The socio-demographic characteristics of the 884 survey respondents were 

similar to the characteristics of the study area population (Table 4.2). Given that we 
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recruited only household members who were at least 18 years of age and excluded 

census block groups with a median age of less than 25, we expected our respondents to 

be older than the study area population. 

Table 4.2 Respondents to our mail survey in three cities compared with the study area population. 

 
Survey 

Respondents 
(n = 884) 

Study area 
population a 

 % % 

Age (18-103)   

18-44 41.3 50.2 

45-64 28.9 30.6 

65 and above 29.9 19.2 

Gender (% Female) 57.2 52.3 

Race (% Non-white)  19.6 23.9 b 

Less than high school education  3.5 9.0 c 
Have children under 12 in the 

household 16.4 19.9 d 

Household income below $35k 33.0 33.8 e 

 
Notes: a Study area population data are pooled five-year estimates (2015–2019) from the American Community 
Survey (Census Bureau, 2019). Data were aggregated across 378 census block groups that comprise the four strata in 
the sampling frame; b % of non-white of all residents in study area census block groups; c Include only residents of 25 
years of age and older; d % of residents of 14 years of age and younger in all residents in sampling area census block 
groups; e percentage of households with income less than $34,999 in the past 12 months (in 2019 inflation-adjusted 
dollars), average median household income of study area census block groups is $60968.36, and median household 
income of survey respondents is 50k-65k. 

4.4.2 Descriptive results 

4.4.2.1 Flood risk perception  

Fewer than a third of respondents indicated that they did not worry at all about 

potential property damage when noticing standing water or flooding near their home 

(Table 4.3). 
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Table 4.3 Respondents' flood risk perception.  
Measured by their indicated level of worry about potential property damage when noticing standing 
water or flooding near home. 

Worry about potential stormwater-related damage  
N = 884  

Do not worry at all = 1 32.2% 
Worry a little = 2 30.0% 
Worry some = 3 24.8% 
Worry a lot = 4 11.2% 
Did not respond 1.8% 

 

4.4.2.2 Perceived safety of floodable sites and stormwater ponds 

Comparing storm vs. non-storm conditions, for both practices, perceived safety 

was generally lower under the storm condition. Inundated floodable sites were 

perceived as significantly less safe than in the typical dry state (paired t-test, 95% CI [-

1.79, -1.60], p < 0.000) (Table 4.4). High-water-level stormwater ponds were also 

perceived as significantly less safe than under the typical water level (paired t-test, 95% 

CI [-1.10, -0.97], p < 0.000). 

Table 4.4 Mean scores (SD) for perceived safety of different NBS practices under storm and non-storm 
conditions.  

 

Perceived safety of NBS  

Under the non-storm condition   Under the storm condition 
Dry  Inundated  

Floodable sites 4.23 (1.09) 2.54 (1.27) 

 Typical water level High water level 

Stormwater ponds 3.92 (1.01) 2.88(1.10) 

 

Comparing stormwater ponds and floodable sites, on average, stormwater ponds 

under the typical water level were perceived as significantly less safe than floodable 

sites under the dry condition (paired t-test, 95% CI [-0.39, -0.22], p < 0.000). In 

contrast, with temporary stormwater detention, stormwater ponds under the high water 



 81 

level were perceived as significantly safer than inundated floodable sites (paired t-test, 

95% CI [0.26, 0.45], p < 0.000).  

4.4.3 Model results  

4.4.3.1 Does community members’ experience of localized flooding affect their 
perceived flood risks? What other contextual and socio-demographic factors may have 
an impact?  

Respondents who more frequently noticed standing water or flooding near their 

homes indicated significantly greater worry about potential damages caused by 

stormwater (Table 4.5a). Respondents who had stormwater-related property damage in 

the past two years, participated in activities addressing stormwater management issues 

in the past two years, or knew more about local water quality, also indicated 

significantly greater worry. Moreover, respondents who were female or participated in 

activities to promote general environmental sustainability in the past two years 

indicated significantly less worry. 

4.4.3.2 Is perceived safety of floodable sites under the storm condition affected by 
experiences of localized flooding? What other contextual and socio-demographic 
factors may also have effects?  

Respondents who more frequently noticed standing water or flooding near their 

homes perceived inundated floodable sites as significantly less safe (Table 4.5b). 

Respondents who were female or sampled from high flood hazard areas also perceived 

inundated floodable sites as significantly less safe. In addition, perceived safety of 

floodable sites under the dry condition had significant positive effects – floodable sites 

that were perceived as safer when dry were also perceived as safer with stormwater 

detention.  

4.4.3.3 What contextual and socio-demographic factors may affect perceived safety of 
stormwater ponds under the storm condition?  

Respondents who were female, non-white, and those with children under the age 

of 12 in their household perceived stormwater ponds under high water levels to be 

significantly less safe (Table 4.5c). In contrast, older respondents perceived stormwater 
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ponds under high water levels to be significantly safer. Furthermore, stormwater ponds 

that were perceived as safer under the typical water level were also perceived as safer 

under high water levels. 
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Table 4.5 Results from multiple linear regression models for (a) flood risk perception, (b) perceived safety of inundated floodable sites, controlling for 
perceived safety in the dry condition, and (c) perceived safety of stormwater ponds under the high water level. 
Controlling for perceived safety under typical water level. B(SE) denotes the unstandardized coefficients and standard errors, β denotes the standardized 
coefficients (*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05). 

 
(a) Flood risk 

perception 
(b) Perceived safety of 

floodable sites 
(c) Perceived safety of 

stormwater ponds 
 

B(SE) β B(SE) β B(SE) β 

Frequency of seeing flooding or standing water 0.40(0.05)*** 0.26 -0.14(0.07)* -0.07 -0.06(0.05) -0.04 

Had stormwater-related property damage 0.69(0.08)*** 0.29 0.04(0.11) 0.04 0.05(0.08) 0.02 

Sampled from high flood hazard area -0.04(0.06) -0.02 -0.22(0.09)* -0.17 -0.09(0.06) -0.04 

Knowledge of local water quality 0.08(0.04)* 0.07 0.08(0.05) 0.06 0.04(0.04) 0.04 

Participation in activities to address stormwater management issues 0.22(0.09)* 0.08 -0.01(0.13) -0.01 0.11(0.09) 0.04 

Participation in activities to promote stormwater management -0.04(0.09) -0.02 0.06(0.12) 0.05 0.01(0.08) 0.00 

Participation in activities to promote general environmental sustainability -0.17(0.08)* -0.07 -0.02(0.11) -0.02 0.02(0.08) 0.01 

Socio-demographic factors       

Age -0.00(0.00) -0.01 0.00(0.00) 0.04 0.01(0.00)** 0.09 

Gender (Female) 0.19(0.07)** 0.09 -0.22(0.09)* -0.18 -0.24(0.06)*** -0.11 

Race (Non-white) 0.14(0.08) 0.06 -0.05(0.11) -0.04 -0.29(0.08)*** -0.10 

Education -0.00(0.03) -0.01 0.04(0.05) 0.03 -0.02(0.03) -0.02 

Household Income 0.01(0.02) 0.02 0.04(0.02) 0.07 0.02(0.02) 0.03 

Have children under age 12 in the household 0.10(0.09) 0.04 -0.05(0.12) -0.04 -0.23(0.09)** -0.08 

Perceived safety of floodable sites in the dry condition   0.35(0.04)*** 0.30   

Perceived safety of ponds under the typical water level     0.65(0.03)*** 0.58 

Observations 780 774 783 
R-squared 0.238 0.136 0.401 

Adjusted R-squared 0.225 0.120 0.390 
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4.5 Discussion 

We investigated the perceived risk of localized flooding and perceived safety of 

NBS for urban stormwater management interventions, using “risk as feelings” to frame 

our research questions. We studied how flood risk perceptions and perceived safety of 

NBS practices are affected by experiences of localized flooding, as well as other 

contextual and socio-demographic factors. Further, to shed light on how different 

design solutions for storing stormwater may affect perceived safety of NBS, we 

compared two types of practices: floodable sites, a novel NBS practice that temporarily 

inundates urban landscapes, and stormwater retention ponds, a familiar NBS practice 

that always has water. 

We learned that respondents with more experiences of flooding near home 

worried more about flooding and perceived inundated floodable sites as less safe. 

Respondents also perceived both innovative floodable sites and conventional 

stormwater ponds as less safe under storm conditions than under typical, non-storm 

conditions. However, they generally perceived high-water-level ponds as safer than 

inundated floodable sites. These results call attention to public acceptance of floodable 

sites as a stormwater management approach, especially in communities that have 

experienced flooding in the past. 

This study is not the first to draw on “risk as feelings” to examine flood 

experience and flood risk perception. However, it distinguishes itself from other studies 

in four ways: by 1) relating experiences of minor localized flooding to risk perceptions 

of urban flooding and its management, 2) identifying factors that may affect risk 

perception of localized flooding, 3) revealing how NBS that introduce visible 

stormwater dynamics into everyday urban landscapes can elicit safety concerns, and 4) 

offering insights into how NBS design and adoption may better address community 

members’ perception to gain acceptance and support. We next elaborate on these four 

aspects. 
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First, we demonstrated the relevance of everyday experiences of stormwater in 

understanding flood risk perception. Prior studies have shown that personal experience 

of flooding is linked with greater perceived risks of major riverine and coastal flooding 

(Botzen et al., 2009; Kellens, Zaalberg, Neutens, Vanneuville, & De Maeyer, 2011; 

O'Neill et al., 2016). These studies used “risk as feelings” to argue that witnessing 

disastrous events may encourage concrete imaginations of low-probability extreme 

events. Importantly, we found that more frequent experience of standing water and 

flooding in one’s everyday landscape surroundings also was associated with greater 

worry about flooding. This finding suggests that everyday experiences of stormwater 

can also shape risk perception. As “risk as feelings” implies, intuitive perceptions of 

risks involve affective processing and do not always reflect the actual magnitude of 

damage. While we did not measure respondents’ feelings, this study provides a basis for 

further research to examine affective reactions to localized flooding through, for 

example, the psychometric paradigm (Birkholz et al., 2014).  

Second, our findings contribute empirical evidence to understanding what 

contextual and socio-demographic factors may affect the risk perception of localized 

urban flooding, which is not adequately studied. Besides experiences of localized 

flooding, we also found notable effects of prior flood-related damage, gender, and 

environmental knowledge and behavior. Consistent with research focused on riverine 

and coastal flooding, respondents in our study perceived greater risks of localized 

flooding if they were female or recently had stormwater-related property damage 

(Kellens et al., 2013; Lechowska, 2021). Different from previous studies (Botzen et al., 

2009; Kellens et al., 2013), we did not find that education attainment was associated 

with perceived lower risk. However, our measures related specifically to environmental 

knowledge offer nuanced insights. In this study, more knowledge about local water 

quality or participation in activities addressing stormwater management issues (e.g., 

attending public meetings or making phone calls to influence policy) was associated 

with greater perceived flood risks. In contrast, participation in activities promoting 

general environmental sustainability was associated with lower perceived flood risks. 

Perhaps people who participate in activities to promote general sustainability are 
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concerned about other environmental issues (e.g., carbon reduction, wildlife protection) 

rather than stormwater management.  

We did not find notable effects of flood zone home location on flood risk 

perception, a factor prior studies found important (Botzen et al., 2009; O'Neill et al., 

2016). In our study, flood risk perception did not differ significantly among respondents 

sampled from high versus low flood hazard areas. First, many respondents were not 

aware they were living in high flood hazard areas: while 66% of our respondents 

indicated some degree of worry about potential stormwater-related damage and 22% 

had actual property damage recently, fewer than 5% identified themselves as living in 

an officially designated flood zone. Second, the FEMA flood map we used to determine 

areas of high versus low flood hazards in our sampling frame may be too coarse to 

accurately reflect localized flooding experiences.  

Third, this study demonstrates that community members may perceive NBS 

practices that introduce visible stormwater dynamics into everyday urban landscapes as 

unsafe. Temporary stormwater storage undermined the perceived safety of both 

floodable sites, a novel NBS practice designed to inundate urban landscape temporarily, 

and stormwater retention ponds, a familiar NBS practice always has water. Further, 

holding more water in stormwater ponds was perceived as safer than inundating 

floodable sites. People may perceive high-water-level ponds as safer because 

stormwater ponds are a more familiar and natural-looking practice where water is 

typically present and water level fluctuations are more expected.  

Importantly, our results indicate different potential causes for reduced perceived 

safety of different NBS practices under the storm condition. For floodable sites, the low 

perceived safety under the storm condition might be explained by negative affective 

responses to their flooding-like inundation rather than by concerns about actual threats 

to property or personal safety. For example, while more frequent experience of 

localized flooding was associated with lower perceived safety, prior stormwater-related 

damage or having children under 12 in the household showed little effects. Reflecting 

on these results through the “risk as feelings” framework, we speculate that people who 
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often see standing water or flooding near home may have stronger affective reactions 

toward it, and they may intuitively perceive inundated floodable sites, which look like 

localized flooding, as more unsafe.   

In contrast, the low perceived safety of high-water-level retention ponds may 

relate more to personal safety and landscape preferences. For example, respondents 

with young children in their household perceived stormwater ponds under high water 

levels as significantly less safe, which can be explained by concerns about drowning 

hazards (Bastien, Arthur, & McLoughlin, 2012; Jarvie, Arthur, & Beevers, 2017; 

Williams et al., 2019). In addition, unlike floodable sites, the perceived safety of 

stormwater ponds was related to age and race, with older or white respondents 

perceiving them as safer. Given that retention ponds have been used for managing 

stormwater for decades, people of different ethnic groups or generations may have 

different experiences of neighborhood landscapes as well as cultural traditions and 

social norms that affect their perceptions. 

Notably, female respondents indicated greater worry about flooding and lower 

perceived safety of floodable sites and stormwater ponds. Existing literature on flood 

risk perception often points to the greater vulnerability of females given their generally 

lower socioeconomic status and physical capacity (Kellens et al., 2013; Lechowska, 

2021). Our study suggests a new interpretation: females might have stronger affective 

reactions toward visible disturbances in their everyday landscape surrounding, possibly 

because they often take more responsibilities in upkeeping and caring for the 

environment of their homes and communities (Riedman, 2021).  

Finally, this study has several implications for urban flood risk management and 

NBS development for flood resilience. First, we call attention to the need to better 

assess chronic localized flooding in urban stormwater management. As our findings 

suggest, experiences of localized flooding can increase community members’ worry 

about flood risks and affect their perceptions of proposed NBS practices. However, 

compared to riverine and coastal flooding, localized urban flooding is more difficult to 

predict in part because it is caused not only by precipitation and topographic position 
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but also by less obvious factors such as infrastructure inadequacies and connected 

impervious surfaces. Publicly available data are needed to more precisely map areas 

prone to pluvial flooding at the local scale and effectively communicate the 

characteristics and risks of localized flooding to the public. Second, different from 

experts who know about stormwater management function, community members may 

intuitively perceive visible stormwater dynamics in NBS practices as unsafe, especially 

when they have experienced localized flooding. Interestingly, knowledge or 

involvement in stormwater and general sustainability issues was not associated with the 

perceived safety of either floodable sites or stormwater ponds in this study. Perceived 

risks of stormwater detention in everyday urban landscapes may outweigh 

considerations about its management function. Therefore, practitioners should avoid 

assuming that visible stormwater dynamics introduced by NBS will have positive, 

educational impacts, especially for novel practices like floodable sites. Such benefits 

may only be realized through additional outreach programs and intentional design 

choices that respond to community perceptions. For example, the design of floodable 

sites can incorporate interactive signage systems or storage zones with varied elevations 

or landforms to convey the stormwater management intention and stimulate positive 

affective experiences. Third, renovating familiar NBS practices (e.g., retention ponds) 

to increase their storage capacity may be more preferable to developing novel NBS 

practices that temporarily inundate urban spaces (e.g., floodable sites) given public 

concerns about safety. Although engagement with local communities should anticipate 

possibly greater concerns of different socio-demographic groups (e.g., females, people 

of color, and families with young children). Lastly, regular maintenance of the 

appearance of NBS can enhance their perceived safety. Floodable sites and stormwater 

ponds that were perceived as safer under the typical condition were also perceived as 

safer when stormwater storage occurs. Perhaps stormwater dynamics that feel less safe 

are associated with neglect and malfunction, since perceived safety has been found to be 

explained by perceived care (Nassauer, Webster, Sampson, & Li, 2021).  
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4.5.1 Limitations  

This study has several limitations. First, we treated floodable sites and 

stormwater ponds homogeneously in our analysis, without further accounting for 

various design choices. The effects of design choices for pond landscape elements on 

perceived safety were examined in a different study (Li, Nassauer, & Webster, 2022). 

This study included only two types of land uses for floodable sites and assigned each 

respondent to see visualizations for only one type. Future research may test a variety of 

land uses and design alternatives within land uses for floodable sites. Besides parking 

lots and basketball courts – the land uses in our study, potential land uses for floodable 

sites include minor streets, blue roofs, parks, and urban plazas. Further, studies can also 

examine how the frequency of inundation and community members’ use of floodable 

sites in the dry weather may affect their perceptions.  

Second, we used FEMA flood maps to identify census blocks with low and high 

flood hazards in our sampling frame. However, our survey results showed low 

correlations between the high flood hazards group and experiences of localized 

flooding, flood risk perception, and prior stormwater-related damage. The FEMA flood 

map used coarse resolution spatial data to assess riverine and coastal flooding and did 

not account for fine-scale environmental characteristics contributing to localized 

flooding in cities (e.g., buildings, stormwater infrastructure, topography) (National 

Academies of Sciences & Medicine, 2019). To more accurately describe the 

relationship between localized flooding, community members’ experiences, and flood 

risk perception, future studies may use finer-scale data and ideally, localized flood 

report data, to assess actual localized flooding risks.  

Third, this study only examines the effects of experiences of localized flooding 

at the individual level. Given that some neighborhoods and communities are more prone 

to localized flooding than others, future research may investigate whether flood 

experiences at the neighborhood or community level also affect individuals’ risk 

perceptions. Furthermore, investigations may also examine whether experiences of 

localized flooding at the neighborhood or community level are associated with socio-
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demographic characteristics. This question is not only important for addressing 

environmental injustice (Eakin, Parajuli, Hernández Aguilar, & Yogya, 2022; National 

Academies of Sciences & Medicine, 2019), but can also have implications for NBS 

development in different communities and their adaptive capacity.  

4.6 Conclusions 

Drawing on “risk as feelings,” this paper provides new insights into how 

community members perceive localized flooding and stormwater detention in nature-

based solutions (NBS). Many respondents had the experience of seeing standing water 

or flooding near their homes and indicated some degree of worry about potential 

property damage caused by stormwater. Furthermore, such experience was associated 

with lower perceived safety of floodable sites, a novel NBS practice that temporarily 

inundates urban spaces to manage stormwater. We assert that urban flood risk 

management needs to engage with social science theories such as “risk as feelings” to 

account for peoples' affective responses to and intuitive perceptions of noticeable 

landscape change. For NBS that intervene with the generation, diversion, and collection 

of stormwater in urban landscapes, the attendant stormwater dynamics can prompt 

safety concerns among community remembers, with implications for public support for 

their adoption. Resident informed design and management strategies can improve 

perceived safety of floodable sites and stormwater ponds renovated with excess storage 

capacity. We call for inter and trans-disciplinary collaborations in exploring new 

landscape interventions of NBS to address more extreme rainfalls and aging urban 

infrastructure. Pervasive adoptions of NBS must consider potential impacts on people's 

everyday experiences in their neighborhoods and communities, in addition to 

stormwater management objectives, to gain broad societal support. 
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Chapter 5 Conclusions  

 

This dissertation responds to the growing interest in exploring novel nature-

based solutions (NBS) that combine green and grey components for climate change 

adaptation (Castellar et al., 2021; Grimm et al., 2015; Seddon et al., 2020). Positioning 

novel NBS within everyday urban landscapes, this work contributes to the 

understanding of novel NBS’ social impacts and services. It investigates how 

community members perceive novel NBS and offers insights into addressing 

community experiences through design and management.  

Chapter 2 builds a conceptual basis for considering how novel NBS managed by 

smart systems can affect everyday landscape experiences, which it argues to be an 

essential cultural ecosystem service. Novel NBS can actively intervene with 

environmental processes (e.g., manipulate water storage in retention ponds) or 

automatically conduct maintenance (e.g., control the irrigation of green roofs), 

noticeably and pervasively changing how everyday urban landscapes look. As this 

chapter elucidates, while adopting smart systems to manage NBS can increase specific 

ecosystem services, community members may not perceive the attendant changes as 

positive and desirable. Such perceptions can further affect support for adoption of NBS. 

Since landscape experiences cannot be directly inferred from environmental functions, 

the development of novel NBS must pay attention to their noticeable characteristics to 

better address local community members’ perceptions. Ensuring pleasant everyday 

experiences may increase the social-cultural values of NBS and encourage people to 

accept and support novel practices.
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Chapter 3 investigates how immediately perceivable landscape characteristics 

affect community members’ perceptions of novel NBS, using smart ponds as an 

example. This chapter has two main findings. First, smart management systems’ 

manipulations of the water level decreased the perceived attractiveness, neatness, and 

safety of retention ponds, a widely employed stormwater control measure. Furthermore, 

high and low water levels affected these perceptions differently. Respondents generally 

perceived ponds under low water levels as less attractive but safer than under high water 

levels. Second, other microscale landscape elements affected by design and 

management choices (i.e., surrounding plants, landuse context, basin slopes) moderated 

the effects of water level manipulations on perception. For example, respondents 

perceived smart ponds in greenspace and residential contexts as more attractive, neater, 

and safer than those in a commercial context. Adopting smart systems to manage 

retention ponds may undermine everyday landscape experiences and related social-

cultural benefits despite increased stormwater regulating services. The development of 

smart ponds can use design and management choices for microscale elements to offer 

more pleasant landscape experiences to reduce such a trade-off and gain support from 

local communities for their adoption.  

Chapter 4 investigates how experiences with localized flooding and other 

contextual and socio-demographic factors affect community members’ perceived flood 

risks and perceived safety of innovative vs. traditional NBS practices. This chapter 

draws on “risk as feelings” to consider how people may intuitively perceive standing 

water in everyday urban landscapes, whether it results from overwhelmed drainage 

systems or intentional stormwater detention. It found that more frequently noticing 

standing water near one’s home was associated with greater worry about potential 

stormwater-related damage. It was also associated with lower perceived safety of 

floodable sites, a novel NBS practice that temporarily inundates urban spaces. However, 

experiences with localized flooding did not affect perceived safety of stormwater 

retention ponds, a familiar NBS practice, under high water levels. Furthermore, 

respondents generally perceived high-water-level ponds as safer than inundated 

floodable sites. Other contextual and personal factors (e.g., past stormwater-related 
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property damage, gender, race) also influenced flood risk perception and the perceived 

safety of NBS. These findings have implications for public acceptance of floodable sites 

as a stormwater management approach in communities that have experienced flooding 

in the past. They also suggest the need to consider local communities’ experiences with 

flooding and socio-demographic characteristics when developing NBS. 

This dissertation can be extended in several ways.  

First, this research used visualizations to collect perception data, which only 

accounted for the visual perception of NBS. Other sensory pathways such as smell and 

touch can also influence perceptions of aquatic systems (Flotemersch & Aho, 2021) and 

nature experiences in general (Franco, Shanahan, & Fuller, 2017). This could be a 

further concern for novel NBS practices for stormwater management since they may 

lead to dampened or saturated soils and sediments, which can produce odor and increase 

humidity. Moreover, the visualizations used in this research depicted discrete water 

conditions and did not reflect the speed of change between different states. This can feel 

different from real-world experiences. For example, stormwater ponds’ water level can 

also rise or fall greatly due to extended rains and droughts, but the manipulation of 

water level by smart systems is likely to be more rapid and unexpected (e.g., having low 

water level during rainy periods). Future research may investigate in-situ experiences 

through, for example, on-site interviews in community where smart systems have been 

adopted for some time, or immersive virtual reality techniques. Moreover, qualitative 

research may further our understandings of why community members perceive certain 

noticeable change in the landscape unpleasant or unsafe.  

Second, this study only examines perceptions and experiences of individual 

community members. Given that experiences of both localized flooding and everyday 

landscapes are shared to some degree within a neighborhood, future research should pay 

more attention to how experiences and support may vary at the neighborhood level. 

Furthermore, investigations may also examine how neighborhood experiences of 

climate change impacts (e.g., urban flooding) and perceptions of NBS may be 

associated with socio-demographic characteristics. These questions are not only 
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important for addressing environmental injustice (Eakin, Parajuli, Hernández Aguilar, 

& Yogya, 2022; National Academies of Sciences & Medicine, 2019), but can also have 

implications for NBS development in different communities and their adaptive capacity.  

Third, this research focused on community members’ experiences and did not 

quantify other benefits of NBS. Future research could use the ecosystem services 

framework to holistically evaluate NBS proposed in everyday urban landscapes through 

inter and trans-disciplinary collaborations (Nesshover et al., 2017). Growing research is 

exploring how to account for both monetary and socio-cultural values of NBS for 

climate change adaptation (e.g., Derkzen, van Teeffelen, & Verburg, 2017, Raymond et 

al., 2017). But there remain challenges to assess and address services across different 

spatial scales from cultural services that reflect everyday experiences at the human scale 

to regulating or provisioning services at local and regional scales that are inherent to 

their functions. 

Besides NBS for stormwater management examined in this dissertation, novel 

practices aimed at other functions are also increasingly discussed and implemented, as 

in the examples of green roofs and green walls, solar and wind farms in open spaces, 

and high-precision urban agriculture (Castellar et al., 2021; Goddard et al., 2021). 

While the primary goal of NBS rarely concerns the experiences they offer to people, 

disregarding this issue risks causing unintended consequences. Interventions that will 

visibly change everyday landscapes, including those aimed to provide more ecosystem 

services and support climate change adaptation, may also prompt affective responses for 

better or worse.  

Some researchers have warned against framing NBS as always offering various 

environmental and social benefits (Keeler et al., 2019; Osaka et al., 2021). This 

dissertation supports such an insight: NBS are not always perceived as positive. Rather, 

they can introduce noticeable yet unfamiliar changes in the landscape, prompting safety 

concerns and diminishing the amenity value of urban nature. At the same time, this 

dissertation points to the potential for using planning, design, and management choices 

that affect microscale landscape elements to moderate community members’ 



 99 

perceptions of novel NBS and offer more pleasant everyday experiences. It also 

suggests the need to tailor community engagement and outreach strategies to account 

for local experiences with environmental issues and socio-demographic characteristics. 

Given the rapid development of innovative technologies and the urgent need to 

conserve natural capital, we can expect growing exploration and adoption of novel 

NBS. This dissertation stresses the need to understand community members’ 

perceptions and better align targeted functions of novel NBS with what people value in 

everyday landscape surroundings. This requires collaborations across social and natural 

sciences, engineering, humanities, and landscape planning and design. Expanding the 

role of everyday landscape experiences will not only imbue novel NBS with cultural-

social benefits but also encourage societal support for proactive landscape changes that 

are urgently needed for climate change adaptation and long-term human well-being. 
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