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Abstract | Following the culverting of rivers and the implementation of flood control
infrastructure on riverbeds, people’s perceptions regarding the ecological dynamics of rivers,
as well as environmental safety have been widely disturbed. This lack of accurate flood risk
perception can potentially lead to many casualties and damages during severe flood events.
Therefore, to achieve flood resilience, in addition to structural criteria, the improvement of non-
structural criteria such as risk perception to enhance adaptation and preparedness of communities
against floods, is considered a challenging topic. Considering the transition of river management
from structural approaches to integrated approaches, which emphasize the participation of related
disciplines, and the capability of urban design to enhance people’s perceptive experience of the
environment, this study aims to conduct an interdisciplinary systematic review to investigate how
urban design enters and integrates into the discussion of flood risk perception. By expanding the
social-ecological model (SEM) of the study at different individual and environmental levels, three
theoretical perspectives of environmental psychology, human geography, and nature conservation
were selected as the foundation of the interdisciplinary study. Subsequently, by conducting a
systematic review in the Scopus database in six steps, the role of urban design in improving flood
risk perception was investigated. Urban design in the fields of environmental psychology, human
geography, and nature conservation can play a critical role in expanding the perceptive experience
of rivers and improving flood risk perception through perceived and aesthetic qualities, sense of
place, and regulating ecosystem services, nevertheless urban design is facing many challenges in
the mentioned fields. Therefore, as an initial step, urban design must determine how to adapt to
these intervening factors and establish a balance with them.

Keywords | Integrated Flood Management, Flood Risk, Environmental Perception, Social-
ecological Model (SEM).

Introduction | On a global scale, flood is one of the
most widespread natural disasters that cities face
(Dewan, 2013). It is considered a serious threat to
the socio-economic structure of societies and affects
the lives of millions of people in the world every year
* Corresponding author: 09128153592, a_toosiardakani@sbu.ac.ir
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(Smith, 2013). In recent years, it has been predicted
that the vulnerability to flooding is growing in most
countries due to climate change, spatial expansion, and
population growth (Mitchell, 2003).

Despite cities being equipped with extensive
flood control infrastructures, they have remained



vulnerable to extreme floods which exceed their
capacity (Andersen & Shepherd, 2013). Flood control
infrastructures not only have a limited capacity to deal
with floods (Zevenbergen & Gersonius, 2007) but also
degrade the ecological qualities of rivers and adjacent
ecosystemsinthelongterm (Everard & Moggridge,2012).
In addition, culverting streams and rivers (Chou, 2013),
causes the extinction of nature experience among
individuals (Soga et al., 2016). These interventions in
human-nature relationships reduce the perception of
ecological dynamics related to rivers and alternatively
lead to a false sense of environmental safety
(Liao, 2014; Ludy & Kondolf, 2012).

Therefore, the implementation of entirely structural
solutions in flood-prone areas significantly affects flood
risk perception in the long term and consequently,
considering the reduction in the level of preparedness
and adaptability of communities, the number of
casualties intensely increases in severe flood events.
In recent years, in addition to flood control structures,
non-structural criteria such as risk perception have been
underlined due to flood risk mitigation and improving
the adaptive capacity of communities. In this regard,
integrated flood risk management is transitioning from
structural solutions to integrated and multifunctional
approaches (structural and non-structural solutions)
with the participation of related disciplines. Meanwhile,
the role of urban design in the mentioned process is still
uncertain and needs to be clarified. However, in non-
structural approaches, urban design can play a significant
role in expanding people’s perceptive experience as well
as improving flood risk perception by affecting the
environmental perception factors and regulating the
human-environment relationship.

One of the fundamental subjects of environmental
design is associated with the human-environment
relationship and its impact on human perception,
cognition, and behavior, which have entered the field
of urban design in the form of multiple theoretical
perspectives including environmental psychology
(Appleyard, 1976; Kaplan & Kaplan, 2009; Lynch, 1960;
Nasar, 1989; Nasar,1990), human geography (Buttimer &
Seamon, 2015; Relph, 1976; Seamon, 2014; Tuan, 1977)
and nature conservation (De Groot & van den Born, 2003;
Van den Born et al., 2001; Van Der Brugge et al., 2005).
Considering the inclusion of non-structural measures
withinfloodriskmanagementprovidesan opportunityfor
participation across related disciplines (Klijn etal.,2015).
Regarding the role of urban design in environmental
perception, this study develops the hypothesis that in
defining the role of urban design within integrated flood
risk management, urban design is capable of improving
flood risk perception and subsequently influencing
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flood-adaptive behaviors, which leads to the adaptation
and preparation of communities.

In previous studies in this field, although factors
influencing flood risk perception have been examined
through cognitive, socio-cultural, and geographical
approaches, the role of environmental design in people’s
flood risk perception has not been investigated so far.
It can be acknowledged that there is a significant gap in
understanding the role of environmental design in non-
structural measures of integrated flood management, such
as flood risk perception. Considering behavioral models
in the field of natural disasters which emphasize humans
and the environment separately, as well as neglecting
human-environment interaction, which is a key factor
in urban design, the SEM of study must be expanded to
address this gap and provide a framework for integrating
urban design with flood risk perception. Therefore, this
study aims to first expand the SEM of study in the field
of flood risk perception to address the existing gap and
define the integration of urban design with this field
using relevant theoretical perspectives. In further steps,
by using the theoretical perspectives derived from SEM,
an interdisciplinary systematic review is conducted in
the Scopus database, following a six-step literature review
process, subsequently, the integration of urban design
with flood risk perception is examined.

Research Questions

Based on the primary hypothesis, this study aims to
answer the following main question: How can urban
design improve people’s flood risk perception?

To answer the main research question, addressing the
following sub-questions is significant:

1-Which theoretical perspectives related to urban design
contribute to the field of flood risk perception?

2-Which perceptual factors of the environment affect
flood risk perception in the process of environmental
design?

3-What challenges do urban design encounter when
integrating with the field of flood risk perception?

Research Background

Experts assess the disaster risk based on the probability
of occurrence and the extent of damages and casualties
caused by it, but laypeople evaluate it by subjective
criteria. Therefore, the discrepancy between the objective
assessment of experts and the subjective evaluation
of laypeople has increased attention to the field of
risk perception (Slovic, 1987). Various approaches
identify different influencing factors on risk perception.
Cognitive approaches consider psychological processes
as the most relevant factor and seek to evaluate the effect
of negative emotions on the level of risk perception
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(Slovic & Peters, 2006). Socio-cultural approaches
argue that risk perception is based on the surrounding
environment and is socially constructed. In addition,
these approaches highlight worldview, cultural norms,
and social identity as significant factors of risk perception
(Kahan et al., 2007). Geographical approaches consider
the built and natural environment characteristics, such
as openness of the environment and the distance to a
hazard source, as the main predictors of risk perception
(Botzen etal., 2009; O'Neil et al., 2016; Zhang et al., 2010).
The role of environmental design and perceptual factors
of the environment in people’s flood risk perception has
not been investigated. Therefore, this study can be an
initial step in explaining the role of urban design in non-
structural criteria for integrated flood management.

The importance of risk perception in the context of
flood disasters is manifested in adopting adaptive
behaviors (Weinstein et al., 1998). In this regard,
several behavioral models have been introduced in
natural hazards investigations to elucidate the causes
affecting adaptive behaviors. The Protection Motivation
Theory (PMT), with emphasis on cognitive processes
(Rogers, 1975), and the Protective Action Decision
Model (PADM), by considering socio-environmental
processes (Lindell & Perry, 2012) are among the most
widely used behavioral models in this field. Therefore,
behavioral models in disaster contexts often focus
on either cognitive processes (individual) or socio-
environmental processes (individual’s surroundings),
thereby overlooking the interaction between humans and
the environment, which is a key factor in urban design.
The lack of attention to the interactive nature of the
human-environment relationship in existing behavioral
models pertaining to disasters is one of the gaps that can
be examined through the lens of urban design.

This study expands SEM to address the interactive nature
of human-environment relationships and provides
a systematic approach to understanding the factors
influencing flood risk perception and flood-adaptive
behaviors. Developing SEM in the context of flood
risk perception offers an opportunity to establish the
integration of urban design with flood risk perception
before initiating an interdisciplinary systematic review
and identifying relevant theoretical perspectives in the
field of urban design that can contribute to flood risk
perception.

* Expanding the social-ecological model (SEM) of
the study

While Social-ecological Models (SEM) have evolved
in the context of behavioral sciences, in contrast with
behavioral models, SEM simultaneously emphasizes
both cognitive processes
and  considers interactions

and socio-environmental

human-environment
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(Barton & Grant, 2006; Bronfenbrenner, 1979; Dahlgren &
Whitehead, 1991; McLeroy et al., 1988; Stokols et al., 2003).
The ultimate goal of SEM in behavioral discussions is to
develop a comprehensive approach which systematically
creates or changes a specific behavior by altering influencing
factors at different levels (Sallis et al., 2015). Hence,
expanding SEM provides an opportunity to examine the
effects of all individual and environmental levels on flood
risk perception and flood-adaptive behaviors. Furthermore,
at each level, the potential impact of urban design on
influencing factors can be assessed, and ultimately, the
most suitable factors can be selected.

In this study, in the first step, by considering the levels of
authentic Social-ecological Models (Barton & Grant, 2006;
Bronfenbrenner, 1979; Dahlgren & Whitehead, 1991;
McLeroy et al., 1988; Stokols et al., 2003), intrapersonal
environment, immediate environment,
environment were selected as the main levels of the study’s
SEM. In the second step, the factors that can be examined
at each level in relation to flood risk were explained. In
the third step, taking into account the impact of urban
design on the mentioned factors, the most effective
factors at each level were determined. In the final step, by
introducing the theoretical perspectives of urban design
(nature conservation- human geography- environmental
psychology) related to selected factors, a foundation
was established for integrating urban design with
flood risk perception, and subsequently conducting an
interdisciplinary systematic review (Table 1).

and indirect

Research Method

In this study, the qualitative review and content analysis
of the articles have been done using the systematic review
method. A systematic review is a structured approach
including a set of predetermined steps which evaluate the
existing literature on a specific topic or research question
(Boland et al., 2017). Furthermore, it distinguishes from
traditional review by identifying and screening relevant
research and assessing each one based on predefined
criteria (Jesson et al., 2011). In interdisciplinary research, a
systematic review is a suitable starting point in the research
process (Burgers et al., 2019). This study conducted an
interdisciplinary systematic review in the Scopus database
using the steps explained by Jesson and colleagues.
The goal was to determine the role of urban design in
improving flood risk perception through three theoretical
perspectives (nature conservation- human geography- and
environmental psychology) derived from the SEM of the
study.

In the first step, the research question was defined, which
plays an essential role in narrowing down the research
focus. In the second step, the keywords related to risk
perception and flood disaster were added. In the third
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Table 1. Major steps for expanding SEM of study. Source: Authors.

Intrapersonal
environment

Immediate environment

Indirect environment

Behavioral
environment

Perceptual
environment

Socio-cultural
environment

Physical
environment

The intrapersonal

Step 1: .
Selecting the main ier?c\i:g;miﬁi The immediate environment is The indirect environment refers to the
levels of SEM individuagi and the most profound and effective various environments that encompass
psychological o e.nVironmem that sur.roun('is. . . 1nd1v1dua}s and d}rectly or indirectly
Characteristics, 1nd1.v1duals, including their activities, impact their experience and subsequent
lies at the core of lifestyle and perceptual pattern. behaviors.
the model.
-Hydraulic
-Demographic effectiveness
f(ziictors: age, Mitigation (theffuncti)onal
ender, education, actors
St.ep. % gemployment, etc. ~Perceptual measures -Ecological robustness  -Social networks
Explaining the -Psychological patterns: safety, -Preparedness (the environmental -Social identity
factors.of e.ach level factors: attitude secgr1ty, Fomfort, measures factors) _Sense of place
considering the motivation > satisfaction, etc. -Response measures _Cultural meaning Social capital
discussion of flood mental barrie,rs (Sallis et al,, -Recovery measures and aesthetics (K- hoc1a calpl e
risk . ’ 2015) (Lindell & Perry, ] ahan et al., 2007)
emotions, etc. 2003) (the perceived factors)
(McLeroy et al. (Busscher, Van Den
,1988) Brink & Verweij,
2019)
Step 3:
Determining the
most effective Flood risk Flood-adaptive Perceived & aesthetic
factor at each level Vision of nature . behaviors qualities of the Sense of place
according to the perception (pre-disaster phase) environment
discussion of urban
design
Step 4:
Clarifying
the theoretical Nature Flood risk perception & flood-adaptive Environmental
. . : Human geography
perspectives of conservation behaviors psychology

urban design related
to selected factors

step, the inclusion criteria were determined, due to the
interdisciplinary nature of the flood risk perception, a wide
range of subjects are relevant to this discussion. Therefore,
considering the impact of urban design, the subject area
of research was restricted to environmental science,
psychology, and social science. In the fourth step, keywords
related to urban design were applied through three
theoretical perspectives. In the fifth step, according to the
eligibility criteria, the abstract and result of articles acquired
from the previous step were assessed, and included articles
were identified. In the sixth step, by analyzing the content
of the included articles, the urban design impact on flood
risk perception was investigated. Taking into account
the PRISMA statement (Page et al.,, 2021), the systematic
review steps were organized in a general classification
including four steps of identification, screening, eligibility
assessment, and included articles (Table 2).

Theoretical Foundations

Given the dynamic nature of natural disasters such
as floods and the unpredictability of the intensity and
consequences of these hazards, transitioning from a
resistance approach to a resilience approach to flooding
is essential to increase the survival of environmental
systems under tension (Hemmati, 2015). Flood-
resilient cities have the capacity to remain functional.
Additionally, their built environments are adaptable to
flood and capable of reorganizing the circumstances
(Liao, 2012). While the flood control approach seeks
to reduce the probability of flood occurrence and alter
the flood regime, the resilience approach attempts
to minimize the probability of flood damage and
transform the lifestyle of societies to live with floods and
utilize relevant ecosystem services (Liao et al., 2016).
Resilience in the face of extreme and infrequent floods
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Table 2. The steps for the interdisciplinary systematic review. Source: Authors.

General Systematic . Number of articles identified at each
e - Narrowing down process
classification review steps step
Step 1: L ; .
Defining the How can urban design improve people’s flood risk i
. perception?
research question
Identification Step 2: 1-Applying keywords related to “risk perception™
Applying risk perception- public acceptance- public Records identified based on flood risk
keywords in the  preference- public perception- landscape perception perception: 9513
field of “flood 2-Applying keywords related to “flood”: flood-
risk perception” disaster- river
Language: English Time period: 1990
Step 3: to 2022 icles identified b lving th
Determining the  Document type: article/review ~ Source type: journal Artic s 1dentified by applying the
. . o inclusion criteria: 4709
inclusion criteria X X -
Subject area: environmental science/psychology/
social science
Screening 1-Applying keywords related to “nature
conservation”: vision of nature- nature-based
Step 4: solutions Relevant articles to environmental
Applying 2-Applying keywords related to “human psychology: 269
keywords in the ~ geography”: sense of place- place attachment- place  Relevant articles to human geography: 100
field of “urban identity- place dependence Relevant articles to nature
design” 3-Applying keywords related to “environmental conservation: 53
psychology”: scenic beauty- aesthetic quality- river
restoration/rehabilitation
Determining two eligibility criteria to eliminate
Step 5: irrelevant articles and identify selected articles: . . .
L . . i Articles included in environmental
Determining two  1-The focus of the article must be on identifying the sychology: 7
s eligibility criteria  factors that affect the flood risk perception among . bSycholosy:
Eligibility . . PR Articles included in human geography: 7
and assessing the residents living in flood-prone areas. S )
. ; . - . Articles included in nature
quality of articles  2-Influencing factors must include subjects related :
« . conservation: 6
to “nature conservation/human geography/
environmental psychology”.
Aitaelp:i;l Analyzing the content of 20 selected articles to
Included yzing identify the impact of urban design on flood risk Articles included in review: 20

the content of
selected articles

perception

requires societies to adapt to frequent and smaller floods
and learn from them (Liao, 2014). This perspective in
the flood resilience discussion is associated with the
latter approach to resilience, known as social-ecological
resilience.

Insocial-ecologicalresilience, theobjectiveisnottoreturn
the system to a single-state (or multi-states) equilibrium
prior to the disturbance, but rather to emphasize the
dynamic non-equilibrium state. Furthermore, the goal is
to drive the system and achieve a better state compared
to the past through learning and adaptation. In this
definition, resilience is closely related to the concept of
adaptive capacity (Adger et al., 2005; Pickett et al., 2004;
Klein et al., 2003; Folke, 2006). Davoudi et al., (2013)
refer to it as evolutionary resilience and introduce a
forth component, preparedness, in addition to the three
main resilience components (adaptability-persistence-
transformability), to improve the adaptive capacity in
the social-ecological system. Preparedness refers to the
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ability of systems to anticipate events and subsequently
plan for dealing with them.

In socio-ecological systems, the artificial and excessive
suppression of internal disturbances (the exclusive
use of flood control infrastructure) increases the
possibility of system collapse in the long term, while
learning from these tensions and adapting to them
(improving the preparedness and adaptation of local
communities to floods) enhances system resilience
(Berkes et al. 2003; Gunderson & Holling, 2002).This
perspective has been reflected in integrated flood risk
management. River management is now transitioning
from a hard engineering approach to an integrated
and multifunctional approach (Chou, 2016). Likewise,
flood management, including structural measures, has
evolved into flood risk management that incorporates
both  structural and non-structural
concurrently (Klijn et al., 2015). Understanding how
local communities perceive flood risk is one of the

measures



non-structural measures which plays a key role in flood
preparation, adaptation, and protection behaviors
(O’Neil et al., 2016). Flood risk perception, rather
than objective assessment of flood, emphasizes the
subjective aspects of flood risk (Kellens et al., 2013).
Individuals engage in precautionary behaviors when
they assess hazard risk highly. Therefore, to trigger
flood-adaptive behaviors, flood risk perception must
occur first (Weinstein et al., 1998).

Perceptual factors of the environment, along with
spatial qualities, significantly contribute to improving
the perceptive experience of rivers and subsequently
reinforcing flood risk perception within the multi-
layered safety approach of flood risk management. This
approach aims to reduce flood probability through the
first layer of infrastructures, mitigate flood damages by
the second layer of spatial interventions (environmental
design), and facilitate recovery and evacuation through
the third layer (Nillesen, 2019). Adopting this approach
in recent years highlights the interdisciplinary nature
of flood risk management. Therefore, defining the role
of urban design in the second layer of this approach to
improve flood risk perception plays a significant role
in the process of flood risk reduction. Conducting an
interdisciplinary systematic review in this field can be
the initial step within the multi-layered safety approach
to determine the role of urban design.

Discussion and Findings

According to the broad range of issues (such as the
decline in perceived qualities of the environment,
changes in cultural and social values toward natural
river environments, and inconsistency of flood control
infrastructure) which have emerged recently, many
relevant interdisciplinary perspectives have been applied
into integrated flood risk management to reduce the
flood risk. Therefore, this study seeks to discuss the
urban design impact on flood risk perception through
the aforementioned theoretical perspectives.

* Environmental psychology- perceived and aesthetic
qualities

The role of urban rivers within integrated flood risk
management is considered a multifunctional open-
space network. Flood risk reduction, ecological river
rehabilitation, improvement in aesthetic and perceived
quality, as well as enhancement of water resources, are
among the multifunctional benefits associated with the
recent approach to river management (Chou, 2016).
Moreover, these functions are predominately carried
out under river restoration/rehabilitation projects,
focusing on restoring the natural function of
rivers (Junker & Buchecker, 2008). While idealistic
approaches to river restoration perceive any form
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of human influence on rivers as a negative effect
and prioritize improving river ecology, pragmatic
and realistic approaches advocate for maintaining
a balance between human interests and ecological
goals (Dufour & Piegay, 2009; Eden & Tunstall, 2006;
Eden et al., 2000; Westling et al., 2014).

Over the recent decades, river restoration projects have
encountered public non-acceptance and resistance due
to the lack of attention given to the human aspects
of these projects, such as flood risk perception and
aesthetic preferences (Junker & Buchecker, 2008).
While aesthetic preferences playa significant rolein how
people assess river corridors and can increase public
acceptance in relation to restoration projects, these
projectstypicallyfocusonflood protectionmeasuresand
ecological restoration (Buijs, 2009; Junker et al., 2007).
On the other hand, even though the restoration
process is strongly connected to flood risk reduction,
in most projects, addressing subjects like flood risk
perception and water safety from the perspective of
ordinary people and non-experts has become a major
challenge (Buijs, 2009). Therefore, river restoration
projects must simultaneously regard the ecological
qualities of rivers, public aesthetic preferences, and
measures of flood risk perception as essential factors
(Seidl & Stauffacher, 2013).

Although many studies have claimed that basically,
there are differences between the aesthetic preferences
of lay people and the ecological and hydrological goals
of experts (Parsons, 1995; Van Den Berg & Vlek, 1998;
Williams & Cary, 2002), it is still possible to address these
goals simultaneously through certain qualities, including
naturalness of landscape, environmental maintenance,
reduction of landscape disturbance, coherence, and
variety. In the content analysis of the included articles,
their viewpoints regarding the mentioned qualities were
assessed (Table 3).

* Human geography- a sense of place

Sense of place and other place-based concepts (place
attachment-place dependence-place identity) explain
the relationship between human and place, as well
as the meanings constructed in between. Therefore,
considering the time required for the construction of
these concepts, the meaning that people attach to a
certain place in different ways plays a significant role in
their flood risk perception (De Dominicis et al., 2015;
Verbrugge & Van Den Born, 2018). Despite the fact
that the livelihood status of local inhabitants undergoes
many changes due to both flood occurrence and
the implementation of protective measures (flood
control infrastructures), the emotional connection
that people hold with rivers is often overlooked

within  river =~ management processes  (ibid.).
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Table 3. The impact of urban design on flood risk perception through theoretical perspectives derived from SEM. Source: Authors.

. Impact of
Theoretical mp . Included
. environmental Content analysis .
perspective design articles
3 A vision of “master over nature” and supporting structural solutions
£ 2y In the study of the relationship between one’s vision of nature and their preference for flood
2 o2 solutions, the closer people’s vision is to “master over nature’, the more people tend to prefer = ’&T
§ a 2 grey solutions (De Groot, 2012). Additionally, in the areas where the level of perceived risk Swg
°5 9 increases, the efficiency of these solutions to reduce flood risk is considered, and in this regard, < S
%D i bS] structural solutions are faced with more trust and acceptance by individuals (Anderson & = ?_.O’ 2
= g g Renaud, 2021; Venkataramanan et al., 2020). g S E
=R s O
Bo g Y
§ o252 A vision of “stewardship and partnership in nature” and supporting hybrid solutions g 8 °§
8 =
§ E 8¢ = ~,§ Anderson et al. (2022) acknowledge that although ecological restoration and benefits received § 22 3
3 g 6T S3 (ecosystem services) around rivers have particular significance to people, disaster risk reduction g § ,e;»
5 3 é - 5 is the primary concern of individuals, therefore the uncertainty in the effectiveness of NbSmostly 24 & i
o g = § § ] leads public preferences to hybrid solutions. L B s
= 7 B .~ o
- = == . . « . . N . N ~ 3 A
% > g s 3 A vision of “participant in nature” and supporting nature-based solutions 20 ¢
. . > .. . Y ~—
z g EN In the study of the relationship between one’s vision of nature and their preference for flood ~ § A =
+ s > s s « P : » ~
£ E P solutions, the closer people’s vision is to “participant in nature”, the more people tend to = % =
. . ) = L
g 2 = prefer green solutions (De Groot, 2012). The success of these solutions depends on peoples  © 3 o
5 g £ perceptions and preferences, therefore paying attention to people’s risk perception and °3 8
< ”EU; 3 providing a wide range of benefits are among the factors of their superiority over structural g 8 <
=3 % solutions (Anderson & Renaud, 2021; Santoro et al., 2019).Although people’s visions are 3 2
=R often ecocentric, in practice, absolute nature conservation standards, particularly in areas
s with high risk levels, are not acceptable to people (De Groot & De Groot, 2009).
© Sense of place as a functional mechanism &
o £ % S The meaning that people attribute to the environment (sense of place) affects public o
= < = perception of river interventions, and subsequently their potential behavior in the 2288
2, P 2. E environment. The sense of place serves as a functional mechanism through which residents = ¢ é‘ 2
el ] can both maintain and adapt their residence in flood-prone areas (Anacio et al., 2016; o 5= Tg
g3 & g Davenport & Anderson, 2005; Verbrugge & Van Den Born, 2018). é Q Tg ;
> SR = I = S v 0
= o2 g ;w g Sense of place as a restraining factor = Q g g
= g P R e 1 - - ~ +
go &8 %2 5%  DeDominicis et al. (2015) highlight an optimistic bias toward the place of living, recognizing % & -5 %
] S=E e § E the strong bond between people and their surroundings as a restraining factor in adopting 8 g 5 0
;" 8 g 25 S v disaster-adaptive behaviors, even in cases of high perceived flood risk. £ /M ft S
b=} « L B0 5 O o \n ~
S E g % g 5 é« Sense of place as a concept dependent on geographical, social, and cultural contexts @ A 8=
e is £ 23 % Bonaiuto et al. (2016) declare that there is fundamentally no definite relationship between & g % ©
+ . . . . . . . w
E, 2 A place attachment and risk perception of disasters, and this relationship is based on the g Z S|
“ 2
°8 g S context, severity, and probability of hazards. In areas with a high level of risk but a low z = _§ =
=X
82 § probability of flooding, if residents’ risk perception is accompanied by a high attachmentto o & g §
E % A the place, there is less possibility to adopt flood-adaptive behaviors (Stancu et al., 2020).Van &0 S & %
[SI= ‘g s Heel and van den Born (2020) among place-based concepts, exclusively recognize nature 8> ~ Q
o bonding in association with flood risk perception. =

Naturalness: The perceived and ecological qualities around rivers are most significantly
influenced by naturalness, which is evaluated based on the level of human intervention in
nature and the integration of biophysical elements of the landscape with the natural structure
of the rivers (Buijs, 2009; Chou, 2013; Chou, 2016; Garcia et al., 2020; Junker & Buchecker,
2008; Seidle & Stauffacher, 2013; Westling et al., 2014).

Maintenance: Environmental cleanliness, the quality of river water, and the provision of services
are among the examples of maintenance, the absence of which disturbs environmental safety and
individuals’ perception (Chou, 2013; Chou, 2016; Garcia et al., 2020; Westling et al., 2014).

Diversity: Diversity is manifested in different ways in the context of rivers, including the diversity
of activities (the multi-functional role of rivers), biodiversity, and diversity of form (the way hard
and soft edges are combined) (Buijs, 2009; Chou, 2013; Chou, 2016; Westling et al., 2014).

Coherence: The coherence of the environments around rivers relies on the structural-functional
integrity and the continuity of the surrounding vegetation (Buijs, 2009; Westling et al., 2014).

Environmental psychology

Perceived & aesthetic qualities
The role of environmental design in regulating the
perceived qualities of the environment in line with the

Disturbance: While the presence of disturbances (floods, insects, and invasive species)
around the rivers may contribute to a reduction in public perception, flood control
structures, despite being a form of disturbance to the nature of rivers, are generally accepted
by the public due to the enhanced perception of safety (Garcia et al., 2020; Seidle &
Stauffacher, 2013; Westling et al., 2014).

Buijs (2009); Junker & Buchecker (2008);

interaction and synergy of the ecological qualities and
improving people’s flood risk perception
Chou (2013); Chou (2016); Garcia, et al. (2020);
Seid] & Stauffacher (2013); Westling et al. (2014)
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Consequently, studies have emphasized
the importance of considering these place-
based meanings within flood risk management
(Agyeman et al., 2009; Davenport & Anderson, 2005;
Jacobs & Buijs, 2011).

The relationship between sense of place (or other place-
based concepts) and flood risk perception is still unclear
and associated with disparate results. Some studies
have declared that a strong affective bond to place
provides a sense of safety to people, and subsequently,
people are inclined to ignore the hazards of disasters
(Armas, 2006). On the other hand, some studies have
demonstrated that in areas where the flood frequency is
higher, and consequently the flood severity is lower, the
high level of neighborhood attachment increases flood
risk perception (Bonaiuto et al., 2011).

In this regard, Bernardo (2013) claims that the effect of
place attachment varies according to the severity and
probability of hazards. In the presence of high risk with
a low probability of occurrence, the place attachment
reduces the perception of risk. However, in the case
of disasters with low severity and high probability
of occurrence, the place attachment augments the
perception of risk. By contrast, van Heeland van den Born
(2020) claim that among place-based concepts, apart
from nature bonding which is considered attachment to
nature, other concepts do not have a remarkable impact
on flood risk perception. In other words, residents who
have a stronger connection with nature and a better
understanding of river dynamics, subsequently have a
higher flood risk perception.

Some studies have assessed sense of place and other
place-based concepts as moderator variables in the
relationship between flood risk perception and flood-
adaptive behaviors. In this regard, Stancu et al. (2020)
emphasize that in high-risk areas, if residents’ risk
perception is accompanied by a strong attachment
to the place, there is a higher possibility of feeling
distressed and less possibility of adopting flood-
adaptive behaviors. In addition, De Dominicis et al.
(2015) claim that although a high level of flood risk
perception can lead to flood-adaptive behaviors, this
effect is weaker if there is a strong attachment to the
place. In the content analysis of the included articles,
their viewpoints on the relationship between sense of
place (or other place-based concepts) and flood risk
perception were investigated (Table 3).

* Nature conservation- vision of nature

In water management, the shift is taking place from
battling against water to embracing a vision of living
with water (Wiering & Arts, 2006). The evolution of
the vision of nature is the main driver behind these
procedural changes and now the public vision toward

many
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waterasahostile entityistransformingintoacompatible
partnership with water (De Groot & De Groot, 2009).
To the extent that people’s vision shifts from “master
over nature” to “participant in nature”, instead of
nature’s instrumental values, they focus on nature’s
intrinsic values as well as mutual interaction with
nature (De Groot & Van Den Born, 2003). The
emergence of a “participant in nature” vision within
Nature-based Solutions (NbS) is evident. The primary
goal of NbS is to provide solutions based on the natural
ecosystem of cities to improve resilience against
natural disasters such as floods (Kabisch et al., 2016).
Moreover, with the emergence of a broad ra nge of
green and blue infrastructures and their ecosystem
services, other social, economic, and ecological
goals can also be achievable (Moosavi et al., 2021).
Many studies have highlighted that the public vision
of nature can remarkably affect human-nature
relationships and serves as an appropriate criterion
to predict and evaluate public preferences and
perceptions in relation to nature, including
flood risk perception (De Groot & De Groot, 2009;
De Groot & Van Den Born, 2003; Van Den Born et al., 2001).
Additionally, Individuals’ perceptions and preferences
regarding the adopted solutions (green solutions-grey
solutions) within flood risk management are influenced
not only by their vision of nature but also by the level of
perceived risk and the effectiveness and benefits of these
solutions(Santoroetal.,2019; Venkataramananetal.,2020).
In areas with a low probability of flood occurrence, due
to the low-risk perception, the perceived benefits of
adopted solutionsbecomeremarkable. In these contexts,
NbS meetmoreacceptancessinceit provideabroadrange
of ecosystem services (Kim & Petrolia, 2013). However,
in areas with a higher perceived risk, the efficacy of the
adopted solutions in flood risk reduction is considered
(Anderson & Renaud, 2021). Therefore, NbS receive
less acceptance due to the lack of sufficient evidence
for flood prevention (Esteves & Thomas, 2014),
moreover, people are still concerned about flood
mitigation measures with Nbs and place more trust in
flood control structures (Chou, 2016). In operational
areas, the adopted approaches are not categorized as
either entirely green or grey. Generally, the solutions
are greener or grayer. Meanwhile, hybrid approaches,
by combining the natural and built infrastructures,
attempt to enhance the resilience of cities to floods and
address the drawbacks of the mentioned two approaches
(Naylor et al., 2017; Sutton-Grier et al., 2015). In
the content analysis of the included articles, their
viewpoints regarding the effect of human-nature
relationship (NbS) and vision of nature on flood risk
perception were evaluated (Table 3).
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Conclusion

Although in the last decade, flood risk management
approaches have been shifting from unidimensional
and structural solutions to integrated approaches which
facilitate opportunities for cooperation across relevant
disciplines, defining and clarifying how to integrate
relevant disciplines into flood risk is a time-consuming
process that requires numerous interdisciplinary
research. In this study, considering the existing gap
in the research background, SEM was expanded to
address the interactive nature of human-environment
relationship and to adopt a comprehensive approach in
relation to the factors influencing flood risk perception.
Expanding SEM provided an opportunity to examine
the influence of all individual and environmental levels
on flood risk perception and to assess the potential
impact of urban design on the influencing factors at
each level. According to the mentioned model, the
integration of urban design with the discussion of
flood risk perception could be achieved through three
theoretical perspectives of environmental psychology,
human geography, and nature conservation.

In the intrapersonal environment, the influence
of environmental design on flood risk perception
is achievable through the theoretical perspective
of nature Within this theoretical
perspective, the vision of nature constitutes one of
the perceptual factors of the environment, enabling
environmental design to affect flood risk perception.
Vision of nature is a valid criterion for predicting
people’s preferences and perceptions in relation to
nature. Moreover, environmental design can effectively
respond to the level of perceived risk and people’s
preferences by adjusting ecosystem services within the
environment. In the socio-cultural environment, the
theoretical perspective of human geography facilitates
the interaction between urban design and the field
of risk perception. Within this perspective, a sense
of place emerges as a significant perceptual factor of
the environment through which urban design can
influence people’s flood risk perception. At this level,
environmental design can have a favorable effect on
flood risk perception by adjusting the affective bond
between humans and place in accordance with the
socio-geographic context of the environment, as well as
the severity and probability of hazard. In the physical
environment, environmental design has the potential
to address flood risk perception through the lens of
environmental psychology. In this perspective, the
aesthetic and experiential qualities of the environment
enable environmental design to affect flood risk
perception. Environmental design can play an effective

conservation.
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role in enhancing individuals’ flood risk perception
by constructing or modifying the aforementioned
qualities in line with the interaction and synergy with
the ecological qualities of the environment.

While environmental design, within the mentioned
theoretical perspectives, can be efficient in expanding
the perceptive experience of rivers, and subsequently
improving flood risk perception through various
perceptual factors of the environment, urban design is
confronted with numerous challenges in each of these
domains. Therefore, as a first step, urban design must
realize how to adapt to the aforementioned intervening
factors. On the intrapersonal level, urban design can
contribute to changing the public vision of nature
by regulating ecosystem services and promoting the
conservative utilization of nature’s values within flood
risk management. However, on the other hand, the high
level of perceived risk in the context can shift public
attitude and preference from the perceived benefits
of NbS (ecosystem services) to the effectiveness of
structural solutions (flood protection). Therefore,
one of the challenges facing urban design in this field
is to identify a balance between the benefits of green
solutions and the efficacy of gray solutions with
regard to the level of flood risk. In the socio-cultural
environment, urban design has a powerful tool, a sense
of place, which can influence flood risk perception.
Since this effect is based on the socio-cultural context,
as well as the severity and probability of flooding,
a sense of place may occasionally have a negative
effect on people’s perception or behavior. Therefore,
determining how to incorporate the sense of place into
the mentioned process, or attempting to strengthen or
weaken the sense of place to achieve the best result are
among the issues which require further consideration.
In the physical environment, urban design can enhance
public perception regarding the ecological dynamic
and potential risk of rivers by modifying the aesthetic
and perceived qualities of river landscapes. However,
considering the emphasis of river restoration projects
on natural ecosystems and ecological qualities, how
maintaining a balance between the ecological qualities
of rivers and public aesthetic preferences is one of the
obstacles which urban design encounters.

Therefore, although integrating urban design with
flood risk perception through the relevant perceptual
factors is feasible, as indicated by expanding SEM and
conducting an interdisciplinary systematic review,
further and specialized research in the relevant fields
is necessary to address the challenges urban design
encounters and this study serves as starting point for
future studies in this field.
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