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A B S T R A C T

In light of rapid urbanization and climate change, managing urban flood risk by combining tradi-
tional pipe-bound infrastructure with sustainable urban drainage systems (SUDS) has recently
gained significant attention. SUDS provide a wide range of social, economic, and environmental
advantages; nonetheless, there are perceptions, barriers, and benefits whose understanding is
lacking, especially in the context of developing countries. To fill these gaps, a case study was con-
ducted in the city of Bogotá, Colombia's capital city, systematically investigating the visions of
four key actors, i.e., the public sector, urban developers, a private non-profit organization, and
community members of a flood-prone area. Thematic analysis supported by an induc-
tive–deductive coding approach was employed to analyze data collected from in-depth semi-
structured interviews and questionnaires. After identifying and categorizing 39 barriers in Bo-
gotá, technical and institutional/organizational barriers such as “operation and maintenance”
and “unclear institutional responsibilities” prevailed over financial ones. The assessment of bene-
fits yielded a total of 34 results and demonstrated the wide scope of SUDS strategies, ranging
from “use of harvested water in secondary uses” to “promotion of environmental awareness” and
“corporate image enhancement.” Furthermore, there are direct relationships between barriers,
benefits, and actors, strengthened by particular objectives, motivations, and needs. The findings
of this study highlight the significance of interdisciplinary approaches to achieve comprehensive
sustainable urban water planning and improved flood risk management. Further work on benefits
quantification and participatory spatial-hydraulic modeling could foster SUDS interest, broaden-
ing the debate beyond the technical realm.

1. Introduction
Urban flooding is a growing concern influenced by factors such as climate change [1,2], urban growth [3,4], changes in land use

[5,6], and mismanagement of spatial planning [7,8]. In Colombia, additional geo-climatic and institutional factors, i.e., the La Niña/
El Niño weather phenomenon and limited risk management capacity, have triggered unprecedented rain-related effects such as those
evidenced in the 2011 floods, affecting more than three million people [9,10]. By 2050, 68% of the world's population is projected to
be urban [11], and a greater concentration of people and infrastructure increases the exposure to flood risk [12]. Adverse impacts of
flood events include loss of human life, economic damages, interruption of critical infrastructure, and environmental degradation
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[13,14]. Therefore, there is a global challenge to find adaptative solutions to cope with multiple hydrometeorological hazards [15]
and the effects of human activities [16].

In this sense, researchers have proposed novel approaches for sustainable urban water management (SUWM) such as green infra-
structure (GI), blue-GI (BGI), low impact development (LID) techniques, nature-based solutions (NbS), and sustainable urban
drainage systems (SUDS) [17–23]. SUDS are multi-objective strategies for reducing runoff quantity, enhance stormwater quality, pro-
vide amenity, and increase biodiversity in urban spots [24]. Attenuation storage tanks (AST), green roofs (GR), and rainwater har-
vesting systems (RWHS) are the most common SUDS typologies for residential, commercial, and public facility use [25]. Other SUDS
typologies that require more space and are thus better suited to outdoor land include bioretention systems (BRS), constructed wet-
lands (CW), extended dry basins (EDB), infiltration basins (IB), infiltration trenches (IT), pervious pavements (PP), ponds (P), tree pits
(TP), and vegetated swales (VS) [26]. Depending on the scale and land use distribution, these strategies can be implemented on public
or private land under an individual or interconnected (SUDS trains) scheme [24].

SUDS research has largely focused on technical aspects such as performance assessment, i.e., reduction of runoff volumes and flow
peaks [27,28]; selection, location, and size optimization [26,29]; co-benefits evaluation [30,31]; and cost-benefit analysis [32]. Fur-
thermore, the study of SUDS has been led for several decades by developed countries such as Australia, Canada, the United Kingdom,
and the United States [33]. In contrast, developing countries have shown an incipient interest in the full spectrum of SUWM. For in-
stance, pilot projects in Malaysia [34], Kenya [35], and Colombia [26] have stressed the importance of employing sustainable man-
agement of stormwater in tandem with pipe-bound systems, considering the particular challenges of unsustainable urban expansion,
land tenure, and space constraints. Nevertheless, despite the evidence of the multiple advantages over conventional approaches,
SUDS implementation has a slow pace and a weak overall interpretation, even in developed contexts [23,36].

It is still unclear which factors assist or hamper the integration of alternative stormwater management strategies in urban environ-
ments [37]. Understanding the barriers allows for the identification of factors that delay the adoption of SUWM alternatives [38],
whereas assessing the perceived benefits enables one to recognize the particular needs of urban water-related sectors [39]. Several
authors analyzing the context of developed countries claim that the transition to sustainable drainage approaches is hindered by so-
cio-political rather than technical constraints [36,40,41]. Furthermore, a wide variety of benefits have been demonstrated, ranging
from the well-known functions of runoff reduction and flood control [36] to property value enhancement [31,39]. However, there is a
lack of studies in other socio-economic and governance contexts.

Another factor that has been identified as critical for SUWM to achieve long-term effects is the involvement and participation of
multiple stakeholders [31,42–44]. SUWM requires interdisciplinary approaches to integrate the visions of actors who often have con-
flicting interests [31] and to strengthen the related decision-making process [44]. The review performed by Sarabi et al. [43] identi-
fied four types of actors at micro-, meso-, macro-, and transboundary scales in the application of NbS that aid in the co-planning and
co-management of this type of infrastructure. Furthermore, Venkataramanan et al. [45] highlighted the use of interdisciplinary ap-
proaches to increase GI uptake, improve design, and provide a better understanding of the multidimensional benefits. Nevertheless,
approaches to developing resilient solutions remain technocratic [21,46], with few studies systematically investigating the diversity
of opinions.

Considering the aforementioned gaps, this study aims to investigate the perceived barriers and benefits of SUDS implementation
in Bogotá, Colombia, through the lenses of four key actors, i.e., the public sector, urban developers, a private non-profit organization,
and community members living in a flood-prone area. The contribution of this research is threefold: i) expand the body of literature
on factors that promote or stymie the transition to SUWM; ii) conduct a comprehensive assessment of experiences and knowledge
from relevant urban water stakeholders; and iii) perform the analysis within the context of a developing city. To achieve this, semi-
structured interviews and questionnaires were used as data collection methods, and thematic analysis supported by an induc-
tive–deductive coding approach was employed to analyze the gathered data.

The remainder of the paper is structured as follows: Section 2 presents the rationale for the analysis of barriers and benefits of
SUDS implementation based on a thorough review of the existing literature. In Section 3, we describe the case study, the participant
sectors, and the data collection and analysis methods. Section 4 and Section 5 present the results and discussion of the multi-sector
analysis of barriers to and benefits of SUDS implementation. The paper concludes with Section 6, which summarizes the findings and
contributions of the study.

2. Barriers to and benefits of SUDS implementation
Understanding the barriers to and benefits of SUDS implementation is key to successful urban water planning, improved decision-

and policy-making in flood risk management, and fostering large-scale adoption [23,35,37,47,48]. The assessment presented in this
study is based on an exhaustive literature review addressing these factors in the implementation of sustainable stormwater controls in
urban environments such as GI, BGI, LID techniques, NbS, and SUDS.

Barriers are those factors that delay [38], hamper [37], or block [49] the adoption of SUWM strategies. The identification and as-
sessment of barriers allow for the anticipation of challenges that may arise during the planning or implementation stages [50]. Previ-
ous studies addressing the barriers to implementation of BGI [23,41,51], LID techniques [37], and SUDS [52] have listed multiple
constraints and evidenced the need to classify them to achieve an accurate understanding. Such categorization is useful as many barri-
ers are systemic or embedded in organizational cultures [53]. The present study adopted six categories to classify the barriers to SUDS
implementation (Table 1): cultural/behavioral, financial, institutional/organizational, political, technical, and urban form. Cultural/
behavioral barriers reflect individual beliefs or perceptions, derived from a local context of time and space [49]. Financial barriers in-
volve constraints associated with financing and the costs of SUDS implementation [51,53]. Institutional/organizational barriers stem
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Table 1
Barriers to SUDS implementation.

Category Barriers to SUDS implementation

Cultural/behavioral barriers Lack of community ownership
Lack of interest in SUDS
Lack of private sector engagement
Negative SUDS perceptions
Path dependency
Silo mentality
Uncivil behaviors

Financial barriers Financial burden
Lack of financial resources

Institutional/organizational barriers Inflexible and conflicting rules
Lack of consultation
Lack of design standards and guidance
Lack of institutional coordination/communication
Lack of supportive policy and legal framework
Lack of regulatory binding instruments
Position of power of the water utility
Responsibility vs. authority dilemma
Unclear institutional responsibilities

Political barriers Electoral/administrative changes
Lack of political leadership/will

Technical barriers Diverse interpretations of the SUDS concept
Efficiency uncertainty
Lack of general knowledge
Lack of local experience/benchmarks
Lack of operational capacity
Lack of quantitative evidence/performance information
Lack of technical capacity
Operation and maintenance
Space constraints
Workload that SUDS demand

Urban form barriers Private land ownership
Public land ownership
Urban densification

from institutional dynamics, whether inter-governmental or inter-departmental [54], whereas political barriers are derived from gov-
ernment decisions or positions [23,47]. Technical barriers are related to the planning, implementation, and operation of SUDS [49],
whereas urban form barriers refer to the built environment hindrances [54]. As observed, barriers to SUDS implementation cross mul-
tiple fields of knowledge [50] and may be related to or stem from one another [17,48]. Full descriptions and references for each bar-
rier are listed in Supplementary material, Table A1.

On the other hand, the benefits of implementing SUWM strategies represent factors that influence greater adoption [51], promi-
nent drivers to promote upscaling interventions [55], and aspects that should be considered to achieve a successful multifunctional
design [36]. Literature addressing the benefits of GI [31,36], NbS [55], and SUDS [26,32] has highlighted a wide range of advantages,
beyond stormwater runoff control and flood management. Numerous studies have employed the ecosystem services categorization
(provisioning, regulating, supporting, and cultural) [56] for the assessment and valuation of these benefits [32,57,58]. Nevertheless,
commercial, market-related, or economic advantages may lag behind under this classification. The present study adopted a three-
dimensional categorization of SUDS benefits (Table 2) in accordance with the three dimensions of sustainability [31,36,51]: eco-
nomic, environmental, and social. The economic benefits consider any type of cost reduction triggered by the implementation of
SUDS [59]. The environmental benefits refer to the improvement of biodiversity and ecological resilience [36]. Social benefits refer to
the promotion of well-being and a healthier lifestyle for users [55]. The multifunctionality of SUWM strategies allows these benefits
to occur in parallel; however, it should be noted that the classification shown in Table 2 is not intended to be universal but rather an
indicator of the benefits that may be more evident. Full descriptions and references for each benefit are listed in Supplementary mate-
rial, Table A2.

The preceding list of barriers and benefits, as well as their respective categories, laid the foundation of this study. Nevertheless,
since these two factors are highly dependent on the local context, it is natural for additional barriers and benefits to emerge during the
analysis process, as will be demonstrated in the following sections. Therefore, this research contributes not only to the regional
SUWM debate in cities with similar socio-economic and governance characteristics but also to the comprehensive participatory plan-
ning of urban environments in other contexts.
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Table 2
Benefits of SUDS implementation.

Benefits of SUDS implementation Type of benefit

Economic Environmental Social

Air quality enhancement X
Amenity X
Aquifer recharge X
Biodiversity augmentation X
Climate change adaptation and mitigation X X X
Decentralized water supply X X X
Flood risk mitigation X X
Health and well-being improvement X
Heat resilience X X
Noise reduction X
Peak flow reduction X X
Promotion of ecosystem services X X
Promotion of environmental awareness X X
Promotion of multifunctional spaces X X X
Recreation opportunities X X
Reduction in water treatment costs X
Runoff volume control X X
Stormwater management X
Tax reduction X
Use of harvested water in secondary uses X X X
Water quality enhancement X X X

3. Methods
The multi-sector analysis of barriers to and benefits of SUDS implementation was conducted in the context of Bogotá, the capital

city of Colombia. Data collection methods included semi-structured interviews and questionnaires, whereas thematic analysis sup-
ported by an inductive–deductive coding approach was employed to analyze the gathered data.

3.1. Case study description
Bogotá is Colombia's capital and largest city, with a population of 7,181,469 inhabitants [60]. It is one of the Latin American me-

tropolises, along with Buenos Aires, Mexico City, Santiago, and São Paulo, sharing similar features of urban growth, informal employ-
ment, and land privatization [61]. Nonetheless, the urbanization process of Bogotá has been different compared to Lima and Quito,
owing to its high-density compact development pattern [62]. Its geographical location at the foothills of the Andes has limited urban
expansion, resulting in a striking phenomenon of densification [63,64] and the development of informal settlements in unsuitable
construction areas [63]. These characteristics, intensified by the population growth pressure, have negatively impacted 80% of the
wetlands in the city [63] and, consequently, approximately one million people live in flood-prone areas [65].

The climate of Bogotá is categorized as cold–very dry. The mean temperature is 13.1 °C, and the mean annual total rainfall is
797 mm [66]. The city has a bimodal climate with two dry seasons (January–February and July–August) and two rainy seasons
(March–June and September–December). In order to ensure compliance with national FRM regulations, since 2007 the local authori-
ties have performed a series of conventional river flood controls, i.e., channeling, hydraulic adaptation, and expansion of sewerage
coverage, managing to reduce the fluvial flood risk level [67]. Nonetheless, the rainy season in December 2011, aggravated by the La
Niña phenomenon, triggered the Fucha River backflow and several sewer system failures, affecting approximately 18,000 households
[68]. In addition, pluvial flooding and waterlogging events are recurrent in the second rainy season because of the limited capacity of
the drainage network [69].

Although integration of SUWM in urban planning processes is slow-paced in the Latin American region [61], multiple strategies
have emerged in Bogotá within the framework of the sustainable development goals (SDGs), climate change, and urban water man-
agement. For instance, the Local Secretary of Environment implemented in 2014 the Bogotá Sustainable Building Program, aiming to
promote biodiversity preservation and the incorporation of native species into urban projects. In addition, decree 528 of 2014 to-
gether with decree 088 of 2017, have leveraged SUDS as sustainable stormwater drainage strategies. Furthermore, the local water
utility issued regulations for the design and construction of SUDS in 2018. As a great local and national milestone, the most recent Bo-
gotá land-use plan (a road map to plan and order the territory between 2022 and 2035) designated liability for the construction and
maintenance of SUDS both on public and private land.

Considering the above, Bogotá represents a city committed to addressing the challenges of sustainability and climate change.
Therefore, the assessment of barriers and benefits of SUDS implementation might aid other developing cities in the context of
stormwater management, disaster resilience, and urban planning.
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3.2. Selection of participants
Reflecting on the need to incorporate interdisciplinary approaches to foster a wider SUDS adoption [31,42], the multi-sector

analysis considered the participation of the public sector, urban developers, a non-profit organization, and members of the commu-
nity.

The selection of the public sector interviewees considered the hybrid governance structure described by Van de Meene et al. [70]
to achieve an effective transition to SUWM. This incorporates three different approaches, i.e., hierarchical, network, and market gov-
ernance, combining the provision of a formal administrative framework, interdisciplinary collaboration, and the efficient use of re-
sources, respectively. In this way, local institutions/authorities with capacities in one or more of the previously described approaches
were identified based on official information on SUDS pilot projects in Bogotá. A snowball sampling approach [71,72] allowed for the
validation of this initial list. Then, a mapping exercise was performed through a two-dimensional matrix [73,74], linking the institu-
tion's potential to foster SUDS implementation and its influence on the related decision-making process. Fig. 1 displays all assessed
public stakeholders, i.e., the Local Secretary of Environment (LSE), the Local Secretary of Planning (LSP), the Local Water Utility
(LWU), the Urban Development Institute (UDI), the Urban Development and Renovation Company (UDRC), and the Local Institute for
Risk Management and Climate Change (IRMCC). Of the four relevant SUDS management bodies, contact was possible with the LSE,
LWU, and UDI.

At the private sector level, this study focused the analysis on urban developers due to their influence on city planning and develop-
ment [75] and because the adoption of SUWM alternatives remains a challenge within this type of stakeholder [76]. The invitation to
participate was extended to five large companies, the most influential locally and nationally, but only three were confirmed. Further-
more, the Colombian Green Building Council (CGBC), a private non-profit organization with high national and international influ-
ence in urban planning and sustainable construction, was contacted.

Several authors have highlighted the necessity of addressing SUWM through a balanced top-down and bottom-up approach
[21,51]. Understanding the perceptions, motivations, and needs of the community is key to exploring opportunities for the co-
creation and management of solutions [77], beyond the information-sharing role [38]. Therefore, members of a flood-prone commu-
nity living in Bosa, one of the 20 administrative divisions (localidades) in Bogotá, were contacted for participation in this study. Since
2002, Bosa has had the highest concentration of people affected by flood events due to the poor performance of the drainage system
and the direct influence of the Tunjuelo River, one of the tributaries of the Bogotá River [67]. In addition, in 2012, 89.14% of the
dwellings belonged to strata 2 [78], a socio-economic classification that relates people's quality of life to the quality of the home they
live in, with 1 being the lowest category and 6 the highest. The convergence of these socio-economic and risk conditions points to an
imminent need to evaluate novel FRM strategies that consider local context characteristics and community perceptions.

3.3. Data collection
3.3.1. Semi-structured interviews

This study employed online in-depth semi-structured interviews with the public sector representatives (LSE, LWU, and UDI), the
three urban development companies, and the private non-profit organization in the field of sustainable construction (CGBC). Inter-
views are one of the most common qualitative data collection methods, widely used in different disciplines, offering participants the
opportunity to express themselves and discuss their opinions in an out-of-ordinary context [79]. Following social distancing protocols

Fig. 1. Mapping of public stakeholders in Bogotá for SUDS management, including potential governance approaches [70]: H (hierarchical), N (network), and M (mar-
ket).
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based on COVID-19 restrictions, the use of video conference platforms is suitable for the approach, allowing data collection in real
time, even with multiple participants in different locations [80]. The semi-structured interviews in this study were conducted through
the Zoom platform under the license acquired by the University of Bonn, allowing recordings and meetings for more than 40 min (the
limit for free licenses). This technological consideration, along with stable connectivity [81], was decisive for rapport building by al-
lowing communication without involuntary time constraints and focusing on participants’ attention.

All semi-structured interview participants were contacted via email first, and after acceptance, time was scheduled at their conve-
nience and informed consent was sent. All interviews were conducted in Spanish, audio-recorded using a digital voice recorder (Sony
ICD-PX470), and video-recorded with the Zoom feature as an additional backup with the participants’ consent; field notes were taken
simultaneously. Semi-structured interviews (n = 10), individual and in groups, were conducted between November 2020 and March
2021, lasting 40–96 min, with the participation of 15 interviewees. A set of open-ended questions was asked, along with prompts and
follow-up questions, allowing participants to explore details that had not been initially elicited [82]. Questions to public sector inter-
viewees sought to understand FRM competencies, SUDS knowledge, perceived benefits and barriers, and current regulations. Urban
development companies were inquired about management strategies within the framework of the SDGs, green building certifications
(GBC), strategies to mitigate land-use changes, SUDS knowledge, perceived benefits and barriers, and regulation awareness. The in-
terview with the GCBC sought to understand its competencies, partnerships, GBC processes, SUDS knowledge, common SUDS strate-
gies in construction projects, and perceived barriers and benefits.

The visual aid was employed to facilitate the recognition of SUDS typologies. Details of the interviews are presented in Table 3,
along with the alphanumeric codes for participant identification to maintain confidentiality.

3.3.2. Questionnaires
In this study, questionnaires were distributed in person to members of a flood-prone community living in Bosa. Before the pan-

demic, this study had conceived FGD to collect data from the community sector. Nonetheless, considering COVID-19 regulatory con-
straints, a questionnaire technique was implemented outdoors, complying with all distancing and hygiene protocols. Although ques-
tionnaires are a quantitative research technique, their implementation with open-ended questions was intended to reflect the plural-
ity of visions rather than show statistical significance [83].

Initial contact with the Bosa community started via email through the Bosa Mayor's Office, giving a brief introduction to the pro-
ject and inquiring about existing environmental community-led initiatives. Then, at the invitation of a spokesperson, questionnaires
were distributed on April 3, 2021, as part of the closing event of an official project called “Huertas Urbanas” (Urban Farms). Commu-
nity attendance was not as expected, so most of the participants interviewed (n = 13) were part of the organizing staff of the event,
who were also local residents. The questionnaire was written in Spanish and included 19 questions comprising background informa-
tion, multiple-choice, and open-ended questions [51,84] to capture local knowledge about flood experiences, flood risk awareness,
SUDS knowledge, and perceived benefits and barriers to implementation. Conversations were voice recorded with the informed con-
sent of each participant, and field notes were taken simultaneously. Graphic materials were provided to recognize pre-selected SUDS.
For anonymity, empirical evidence provided by the community participants was represented by alphanumeric codes ranging from C1
to C13.

3.4. Data analysis
We adopted thematic analysis (TA) supported by an inductive-deductive coding approach to analyze the data collected from semi-

structured interviews and questionnaires. TA aims to identify, analyze, and report patterns (themes) within data [85]. It is a flexible
yet rigorous approach that can be used to address most types of qualitative research questions [86]. TA has proven to be a robust and
flexible method for drawing sound conclusions with implications for urban water decision- and policy-making [51,87–89]. TA in-
cludes a coding process in which the data is organized into meaningful groups in a systematic fashion [90]. This can be accomplished
through a data-driven (inductive) approach when the themes depend on the data or through a theory-driven (deductive) approach, in

Table 3
Semi-structured interview details.

Date Key actor Sector Interviewee code Position/Department

19-11-2020 Colombian Green Building Council (CGBC) Private non-profit organization PR1 Technical director
PR2 Technical leader

27-11-2020 Local water utility (LWU) Public sector PU1 Specialized Engineer
30-11-2020 Local water utility (LWU) Public sector PU2 Specialized Engineer
14-12-2020 Urban development company #1 Urban developer UD1 Planning department director

UD2 Planning coordinator
UD3 Technical specialist

15-01-2021 Local Secretary of Environment (LSE) Public sector PU3 Specialized Engineer
21-01-2021 Urban development company #2 Urban developer UD4 Vice President of Innovation and Operations
21-01-2021 Urban Development Institute Public sector PU4 Specialized engineer and SUDS specialist
25-01-2021 Urban development company #2 Urban developer UD5 Special business manager
28-01-2021 Urban development company #3 Urban developer UD6 Urban development director

UD7 Project manager
UD8 Development manager

20-03-2021 Local water utility (LWU) Public sector PU5 Social management coordinator
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which the researcher addresses the gathered information with specific questions in mind [85]. Since the successful integration of
SUWM is strongly influenced by the study area context [51], inductive-deductive reasoning serves to comprehensively address multi-
stakeholder perspectives in data-scarce environments, nourished by local experience and knowledge and existing evidence from other
contexts (Section 2).

All semi-structured interview and questionnaire recordings were fully transcribed verbatim after each session, supported by the
field notes. These were edited to remove repetitions and irrelevant habitual phrases [89] while maintaining accuracy. The transcripts
were analyzed using the foundational model of qualitative data analysis described by Kalpokaite and Radivojevic [91], which com-
bines an inductive–deductive coding approach. Atlas.ti version 9.1.7.0, a widely referenced text encoding software, was used for
analysis [51,72,92]. Fig. 2 displays the followed steps. We started by developing a code book from existing literature [54] on barriers
to and benefits of SUDS implementation (Tables 1 and 2). A pre-coding process was performed to identify significant segments of the
data. Then, a parallel process of initial coding and elaborative coding was performed, the latter with the aid of the code book. The “re-
vision and grouping codes” stage is an iterative process in which the context of a code becomes relevant for its modification, elimina-
tion, or permanence within the final code list, whereas “focused coding” seeks to create data categories. After this process, network
development allows visualizing links between codes. Memoing is an integral part of the entire coding process to keep track of deci-
sions made during data analysis.

A complementary quantitative analysis of excerpt counts was also performed to determine the frequency with which a specific is-
sue is addressed. This was intended to draw a topic's relevance rather than participants' position to it [36,82].

4. Results
The exploration of perceived benefits and barriers related to SUDS implementation differed for each examined sector. Question-

naires conducted with community participants included questions inquiring about their perceptions about RWHS, GR, and BRS, as
they are the SUDS typologies that best suit private land within a built environment. Semi-structured interviews with urban developers
inquired about previous evaluation and implementation of eleven SUDS typologies previously analyzed in the context of Bogotá’s
public and private land [26], namely, AST, BRS, CW, GR, IB, IT, P, PP, RWHS, TP, and VS. In both cases, the open-ended question for-
mat allowed for the exploration of the reasons and motivations framing their perceptions. In the case of public sector representatives
and the private non-profit organization, interviews did not explore specific SUDS typologies even though an open-ended question was
asked inquiring about the most commonly used typologies based on the institution/company scope.

Direct quotations were used to provide robustness [89] and clarify key points made in relation to the selected themes [85]. After
transcribing from the original Spanish, we did not attempt to change the grammar or expressions [93]. Respondents were identified
alphanumerically, as described in Table 3 and Section 3.3.2. In some cases, the number of codings (excerpt counts) referring to a cer-
tain topic is also displayed in parentheses following this notation: (c = number of codings).

4.1. Analysis of perceived barriers
Barrier identification was enabled by a previously developed code book derived from the literature (Table 1) and when partici-

pants used statements that included words such as “affect,” “barrier,” “burden,” “challenge,” “complicated,” “difficult,” “dilemma,”
“doubts,” “impossible,” “inconvenience,” “lack of,” “limiting,” “obstacle,” “problem,” “resistance,” “unfortunately,” and “worries”
[53]. The inductive–deductive coding process yielded 39 barriers linked to 275 codings.

The distribution of barriers by category according to the inquired sectors is shown in Fig. 3. Although the number of interviewees
is heterogeneous among the participating sectors, this analysis is intended to portray the joint vision of four key sectors not only to
foster SUDS uptake but also to improve understanding of SUWM, land-use, and built environment decision-making. Technical and in-
stitutional/organizational barriers received the most mentions, mostly from the public sector representatives and urban developers.
Nonetheless, the analysis highlighted the significance placed on cultural/behavioral barriers, primarily by the public sector partici-
pants. Financial barriers, commonly considered as a great obstacle in sustainable-related projects, ranked fourth in the general analy-
sis.

Community members and public sector professionals mentioned barriers in all six categories even though the number of total
mentions differs from one sector to another, 34 and 175, respectively. Note that the public sector was represented by five interviewees
from three different entities, whereas the community sector had the participation of 13 members. This suggests that when partici-
pants are more exposed to a given topic, the plurality of their opinions and perceptions increases. The data collection method may
also be related to this phenomenon because, despite having a specific question to investigate the perceived barriers, the environment

Fig. 2. Adaptation of the foundational model of qualitative data analysis from Kalpokaite and Radivojevic [91].
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Fig. 3. Distribution of barrier codings by category according to the inquired sectors.

provided by the interviews to share individual experiences allows interviewees to explore additional information that may not have
been initially considered [94].

Of the participants, professionals from the private non-profit organization made the fewest barriers references. This may be re-
lated to number of participants and to their consulting role in assisting the public and private sectors in developing public policies ei-
ther for the built environment or new urban projects (PR1, PR2).

Table 4 summarizes the complete list of barriers and their respective excerpt counts. The thematic analysis allowed for the elu-
cidation of six barriers that were not previously included in the code book, namely, “clogging effect,” “increase in water tariffs,”
“indoor humidity conditions,” “performance reduction,” “risks to conventional drainage system performance,” and “waterlogging/
inundation problems.” The following sections will examine the most relevant barriers and interconnections according to each par-
ticipating sector.

4.1.1. Perceived barriers by community members
As previously stated, community members mentioned barriers in all six categories. Interestingly, the most frequently reported bar-

rier was the “lack of community ownership” (c = 6), followed by the “lack of general knowledge” (c = 5), which has cultural impli-
cations and may be related to the “lack of interest in SUDS” (c = 2). Public education and awareness campaigns may aid in address-
ing these limitations. It is noteworthy that knowledge dissemination is commonly relegated to SUDS champions, who mostly belong
to academia or the public sector. This represents an opportunity to develop government-led initiatives not only to raise awareness but
also to encourage further community participation in planning, implementation, surveillance, operation, and/or maintenance.

On the other hand, some participants also mentioned governance concerns related to the “lack of political leadership/will”
(c = 3) and “electoral/administrative changes” (c = 1). In the words of participant C13: “there may be economic, institutional, and
public resources, but if there is no political will, nothing can be done.” This suggests a lack of trust in the local administration that can
interfere with educational efforts and any public initiative. The provision of different communication channels may strengthen dia-
logue between these two types of actors.

Regarding the urban form barriers, two participants emphasized “private land ownership” issues, e.g., living under a horizontal
property regime. This suggests that the analysis of SUDS’ potential for private land such as GR or RWHS should consider not only the
availability of private land but also land tenure implications. In turn, the “lack of financial resources” (c = 4) was accompanied by
factors such as the “lack of technical capacity” (c = 3), “workload that SUDS demand” (c = 1), and “efficiency uncertainties”
(c = 1), demonstrating the importance of knowledge in overcoming negative perceptions.

It should be noted that although participants were questioned about three specific SUDS typologies, i.e., RWHS, GR, and BRS, bar-
riers such as “lack of community ownership,” “uncivil behaviors,” “lack of consultation,” “electoral/administrative changes,” and
“lack of political leadership/will” can be considered hindrances preventing interest and participation in any type of project, whether
it is a private initiative or a government-led program.

4.1.2. Perceived barriers by a private non-profit organization
The interview with the private non-profit organization was attended by two participants with high expertise in the field of sustain-

able construction practices. They discussed the financial burden that SUDS implementation may represent for urban developers be-
cause it is more difficult to increase the return on investment (ROI) of water-related strategies than it is for energy efficiency mea-
sures. According to PR1, since “water is unfortunately low-priced,” it would be more effective to increase urban developers' interest
from a normative perspective. It is worth noting that, at the national level, the water supply and sanitation regulations stipulate that
new urban developments are required to mitigate the effect of soil imperviousness through the implementation of SUDS [95]. How-
ever, this has exacerbated institutional barriers such as “inflexible and conflicting rules” (UD7) and the “responsibility vs. authority
dilemma” (PU2).

The private non-profit organization's participants also mentioned the “position of power of the water utility” as a barrier: “When
working with urban projects, the water utility is not so interested in being handed over SUDS vs. other types of water management
structures” (PR1). This hindrance might be related to cultural/behavioral barriers such as “path dependency” and “silo mentality”
that prevent the evaluation of SUWM strategies, coupled with a lack of technical knowledge. Some authors also refer to this as “risk
aversion” or “resistance to change” [96]. This appreciation was confirmed when interviewing one of the LWU representatives: “The
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Table 4
Summary of barriers hindering SUDS implementation.

Category Perceived barriers C (np = 13) PR (np = 2) PU (n p = 5) UD (np = 8) ec

Cultural/behavioral
barriers

Lack of community ownership 6 – 1 – 7
Lack of interest in SUDS 2 – – 1 3
Lack of private sector engagement – – 3 – 3
Negative SUDS perceptions – – 7 – 7
Path dependency – – 4 – 4
Silo mentality – – 9 – 9
Uncivil behaviors 1 – 8 1 10

Financial barriers Financial burden – 1 9 11 21
Increase in water tariffs – – 1 – 1
Lack of financial resources 4 – 6 – 10

Institutional/organizational
barriers

Inflexible and conflicting rules – – – 4 4
Lack of consultation 1 – – – 1
Lack of design standards and guidance – – 1 5 6
Lack of institutional coordination/communication – – 6 – 6
Lack of regulatory binding instruments – – 5 – 5
Lack of supportive policy and legal framework – – 3 4 7
Position of power of the water utility – 1 7 3 11
Responsibility vs. authority dilemma – – 7 – 7
Unclear institutional responsibilities – – 6 11 17

Political barriers Electoral/administrative changes 1 – 2 – 3
Lack of political leadership/will 3 – 1 – 4

Technical barriers Clogging effect – – 3 1 4
Diverse interpretations of the SUDS concept – – 15 1 16
Efficiency uncertainty 1 – 6 – 7
Indoor humidity concerns 1 – – – 1
Lack of general knowledge 5 – 3 2 10
Lack of local experience/benchmarks – – – 1 1
Lack of operational capacity – – 4 1 5
Lack of quantitative evidence/performance information – – 4 – 4
Lack of technical capacity 3 – 6 1 10
Operation and maintenance – – 21 14 35
Performance reduction – – 3 3 6
Risks to conventional drainage system performance – – 6 – 6
Space constraints 3 – 2 – 5
Waterlogging/inundation problems – – 2 – 2
Workload that SUDS demand 1 – 7 – 8

Urban form barriers Private land ownership 2 – 4 – 6
Public land ownership – – 1 – 1
Urban densification – – 2 – 2

Total number of codings 34 2 175 64 275
C: community members; PR: private non-profit organization; PU: public sector representatives; UD: urban developers; np: number of participants; ec: excerpt counts.

conventional drainage system is designed to operate for a lifespan of 50 years; the equipment for its maintenance is already known. In
the case of the SUDS, there is little knowledge” (PU1).

4.1.3. Perceived barriers by public sector representatives
As well as for community members, technical barriers received the highest number of mentions from the public sector (c = 82).

Their considerations are primarily based on the short experience with local pilot projects and perceptions about future scenarios in
which the implementation of SUDS is massive. In this sense, “operation and maintenance (O&M)” is the most concerning barrier
among the LWU, LSE, and UDI. According to the co-occurrence analysis, O&M had direct links to eight additional barriers, as shown
in Fig. 4. These connections are supported by the interviewees’ quotations (See Supplementary material, Table B1). Interestingly,
O&M was related to cultural/behavioral, financial, institutional/organizational, and technical barriers, with the latter being the most
influential.

From the perspective of the LWU, there is a lack of local-context quantitative evidence regarding O&M, which might be exacer-
bated by the “lack of financial resources” and scarce technical and operational capacity. Participants PU1 and PU2 were also con-
cerned about the “workload that SUDS demand” if they were implemented as multiple localized systems throughout the city. This
suggests a preference for large-scale measures. Additionally, there was widespread distress regarding the “risks to conventional
drainage system performance” as the LWU's responsibilities for the city's urban drainage might be compromised:

“If the construction, design, operation and maintenance of the drainage system of the city of Bogotá is LWU’s responsibility,
the LWU is also responsible for defining which of the technical alternatives are the ones that best fit a specific need. (…) SUDS
in parallel must compete with other technical alternatives to solve the problem identified. This means that it is not placing
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Fig. 4. “Operation and maintenance” barrier from the public sector's viewpoint.

SUDS for no reason, but rather a technical, operational, economic, social, and environmental evaluation should be made”
(PU1).

LSE's and UDI's participants agreed that the LWU is reluctant toward SUDS due to O&M concerns, which have intensified institu-
tional/organizational barriers such as “lack of institutional coordination/communication,” “unclear institutional responsibilities,”
and “position of power of the water utility.” For this reason, participant PU3 claimed the urgency of developing pilot projects: “until
we implement SUDS, we will not know how they work or what their real maintenance costs are."

The second most frequent barrier derived from public sector participants’ references was “diverse interpretations of the SUDS con-
cept.” From the general analysis, 12 of the 15 codings linked to this barrier were made by LWU participants. They referred to dry
reservoirs, streams, and even a river (Río Tunjuelo) as if they were SUDS (PU1, PU2), presumably because they are part of the
stormwater management infrastructure within the built environment of Bogotá. Conceptual divergences may have implications in
knowledge dissemination among residents or other institutions, as well as in increasing support for SUWM strategies [47]. Therefore,
a consensus is relevant in either a top-down or bottom-up approach.

Institutional/organizational barriers were those with the second highest presence in the analysis of public sector representatives’
data (c = 35). “Responsibility vs. authority dilemma” and “position of power of the water utility” were the hindrances with the high-
est number of codings, followed by “unclear institutional responsibilities” and “lack of institutional coordination/communication.”
These barriers suggest self-awareness of internal and inter-departmental shortcomings, which, in the best cases, allows timely solu-
tions to encourage SUDS uptake.

On the other hand, it was noteworthy that the two most relevant cultural/behavioral barriers across the public sector were “silo
mentality” and “uncivil behaviors,” expressed in relation to different actors. For instance, the “silo mentality” barrier was elucidated
in quotations where participants expressed their individual preferences for large SUDS (PU1), the lack of trust in community engage-
ment (PU3), and the disciplinary boundaries of urban planners, environmental engineers, and drainage professionals when designing
SUDS (PU4). Conversely, the “uncivil behaviors” barrier was a concern only regarding the attitudes of some citizens, e.g., vandalism
and littering, which discourage the promotion of SUDS in public spaces. In fact, community members (C4, C11, C13) mentioned that
poor solid waste disposal by some neighbors had led to the clogging of stormwater inlets, causing drainage problems during the rainy
season.

Financial barriers can be portrayed as a “lack of financial resources” considering SUDS construction or as a “financial burden” re-
garding O&M. One of the most striking barriers in this category was the “increase in water tariffs.” The rationale behind this is that
RWHS intensification could result in lower drinking water consumption, and therefore, the LWU would be forced to increase rates.
This hindrance highlights the “position of power of the water utility,” another barrier mentioned by participants from the other in-
quired sectors, excluding community members.

Urban barriers (c = 7) outweighed political barriers (c = 3), mainly due to “private land ownership” issues. According to the PU4
participant, about 84% of the space in Bogotá belongs to private-land use. Participant PU2 added that “if some private-land users do
not advocate SUDS implementation, the initiative will not develop as it should.” Therefore, it is essential to promote suitable SUDS ty-
pologies for these urban conditions.
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4.1.4. Perceived barriers by urban developers
Institutional/organizational barriers were the most relevant during the analysis of urban developers' data (c = 27). Participants

exposed past problems with the implementation of IB, IT, and TP due to “unclear institutional responsibilities” and “inflexible and
conflicting rules”. The “position of power of the water utility” barrier was also mentioned in the context of Bogotá and other Colom-
bian cities, aggravated by the “lack of design standards and guidance” and the “lack of supportive policy and legal framework”. To ex-
plain this, participant UD2 commented that some water utilities are not willing to receive SUWM systems. Despite being successful in
one city, in another “you have to start over from scratch because the authorities are different.” This has triggered feelings of frustra-
tion and disempowerment. Furthermore, it is worth noting that the aforementioned institutional/organizational barriers may impact
housing projects’ feasibility. For instance, if the SUDS design is not approved despite presenting the corresponding technical support,
the companies are forced to adopt conventional strategies (UD4, UD7).

On the other hand, as well as for the public sector, O&M was the most commented technical barrier by urban developers, account-
ing for 14 codings. This barrier was linked to four more barriers, namely, “unclear institutional responsibilities” (UD1, UD3, UD7),
“lack of supportive policy and legal framework” (UD3, UD7), “lack of technical capacity” (UD7), and “lack of operational capacity”
(UD7). These relationships are shown in Fig. 5; examples of the empirical evidence can be found in Supplementary material, Table B2.

According to the co-occurrence analysis, the “unclear institutional responsibilities” barrier significantly affects O&M manage-
ment. Developers addressed this relationship by referring to SUDS projects that, because of their obligations to the city, must be im-
plemented in the public space. The long-term commitment generated by O&M raised feelings of rejection:

“When the project or building is ours, in those cases we are interested in doing the operation and maintenance (…) But in ur-
banisms, no, we are not interested in staying to operate” (UD8).

Additionally, it is worth highlighting that the two technical barriers linked to O&M, i.e., “lack of operational capacity” and “lack of
technical capacity,” were commented only referring to the LWU capabilities:

“They [LWU] do not maintain and operate the main ones, say, an open or concrete-lined channel or the pipes itself … We find
operation and maintenance problems every day. Since these systems [SUDS], which, in quotes, are a little more specialized and
with a little more delicate maintenance, we have always found resistance on this issue” (UD8).

Furthermore, although financial barriers ranked third in the overall analysis by category, the second most commented barrier
from the urban developers’ viewpoint was the financial burden that SUDS represent. As their current business focus, all companies re-
ferred to Housing of Social Interest (VIS, for its acronym in Spanish), a type of real estate project with a maximum sale value of 135
monthly legal minimum wages [97]. According to the questioned participants, this price restricts construction budgets, leaving little
room for novel strategies such as SUDS. For instance, participant UD3 explained that implementation of RWHS is not feasible because
“the price of water in Colombia is very cheap,” so it is difficult to make a profit with water storage techniques.

Surprisingly, there were no references to urban form barriers. This may be related to the interest and conviction shown by the
three companies, for which the implementation of SUDS has been an opportunity to develop sustainable projects and strategies, as
will be addressed in Section 4.2.4. Political barriers were also irrelevant for urban developers, presumably due to the little interaction
with political actors during project planning.

Fig. 5. “Operation and maintenance” barrier from urban developers' viewpoint.
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4.2. Analysis of perceived benefits
The inductive–deductive coding process yielded 34 benefits linked to 104 codings, and identification was enabled using a previ-

ously developed code book derived from the literature (Table 2). Benefits not initially included in the codebook (n = 13) included
“compensation of green area debt,” “corporate image enhancement,” “delaying water supply network expansion,” “flexibility for re-
pair and maintenance work,” “hedonic housing prices,” “improvement of customer's quality of life,” “pipe diameter optimization,”
“promotion of urban farm projects,” “protection of endangered vegetative species,” “reduction of imperviousness,” “reduction of the
social gap,” “social responsibility,” and “water pumping system optimization.” This demonstrates the enormous environmental, so-
cial, and market-related potential that SUWM strategies such as SUDS provide to various segments of society. Table 5 shows the clas-
sification and distribution of all benefits found in this study based on the sectors investigated.

The participants from the public sector, urban developers, and community members had a homogeneous number of benefit-
related codings. The number of references made by the private non-profit organization is reduced, presumably because of the number
of participants and their role as consultants, describing the general benefits identified of their work with urban developers. The analy-
sis of the perceived benefits according to each sector will be analyzed in the following sections.

4.2.1. Perceived benefits by community members
Three typologies that best adapt to the built environment on private land were pre-selected for evaluation by the community par-

ticipants: RWHS, BRS, and GR. Of 14 benefits distributed in 33 mentions, the “use of harvested water in secondary uses” (c = 11)
stood out. Alternative uses comprised cleaning purposes (C3, C8, C9, C11), toilet flushing (C3, C7, C11), dish washing (C7), gardening
(C3, C4, C6), and urban farm irrigation (C8, C9). Moreover, participant C12 highlighted the relevance of the “decentralized water
supply” benefit when there are unexpected water cuts.

In most cases, “flood risk mitigation” (c = 4) was mentioned as a consequence of the use of harvested rainwater in daily tasks. Ac-
cording to the participants, the less stormwater that circulates in the streets, the lower the risk of flooding. It is worth noting that the
community members consulted in the present study belong to a waterlogging- and flood-prone area due to the low-land nature of the

Table 5
Summary of perceived benefits of SUDS implementation.

Perceived benefits C (np = 13) PR (np = 2) PU (np = 5) UD (np = 8) ec

Air quality enhancement – – 1 – 1
Amenity 4 – 2 1 7
Aquifer recharge – – – 3 3
Biodiversity augmentation 1 – 1 – 2
Climate change adaptation and mitigation – – 1 – 1
Compensation of green area debt – – 1 – 1
Corporate image enhancement – – – 1 1
Decentralized water supply 1 – – – 1
Delaying water supply network expansion – – 1 – 1
Flexibility for repair and maintenance work – – 1 – 1
Flood risk mitigation 4 – 5 1 10
Health and well-being improvement 1 1 – – 2
Heat resilience – – 2 1 3
Hedonic housing prices – – 1 – 1
Improvement of customer's quality of life – – – 1 1
Noise reduction – – 2 – 2
Peak flow reduction – – 2 1 3
Pipe diameter optimization – – – 5 5
Promotion of ecosystem services 1 – – – 1
Promotion of environmental awareness 2 – 2 3 7
Promotion of multifunctional spaces 2 1 – 1 4
Promotion of urban farm projects 1 – – – 1
Protection of endangered vegetative species 1 – – – 1
Recreation opportunities – – – 1 1
Reduction in water treatment costs – – 1 – 1
Reduction of imperviousness – – 2 2 4
Reduction of the social gap 1 – – – 1
Runoff volume control 2 1 5 1 9
Social responsibility – – – 1 1
Stormwater management – – – 2 2
Tax reduction – – – 1 1
Use of harvested water in secondary uses 11 – – 7 18
Water pumping system optimization – – – 1 1
Water quality enhancement 1 – 4 – 5
Total number of codings 33 3 34 34 104

C: community members; PR: private non-profit organization; PU: public sector; UD: urban developers; np: number of participants; ec: excerpt counts.
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site [65] and the insufficient capacity of the local drainage system [68]. Therefore, it would be interesting to quantify the impact of
RWHS on reducing flood extents and depths.

“Amenity” (c = 4), “promotion of multifunctional spaces” (c = 2), “runoff volume control” (c = 2), and “promotion of environ-
mental awareness” (c = 2) followed as the most mentioned benefits. They all provide social, economic, and environmental benefits,
reflecting the ability of SUDS strategies to provide attractive spaces for community members. Moreover, one of the most striking ben-
efits, which was not mentioned by participants from other sectors, was the “reduction of the social gap.” According to participant
C13, the implementation of SUDS provides an opportunity for low-income sectors to enjoy pleasant environments:

“I am sorry for what I’m going to say, but that the *** that comes from the city not only arrives to the southern part and then,
those of us living here, have to put up with it. Quite the opposite, that [our neighborhood] also looks good, looks nice” (C13).

Most of the benefits with a single mention, i.e., “biodiversity augmentation,” “health and well-being improvement,” “promotion of
ecosystem services,” “protection of endangered vegetative species,” and “reduction of the social gap,” were remarked by the same
participant, C13, an environmental engineering student. The C13 participant showed enthusiasm about “supporting [environmental
strategies] and working in the territory,” which can be key for developing community-led projects.

Examples of quotations of all mentioned benefits by the community members can be found in Supplementary material, Table C1.

4.2.2. Perceived benefits by a private non-profit organization
Three benefits were mentioned by the CGBC representatives, i.e., “promotion of multifunctional spaces” (PR2), “runoff volume

control” (PR1), and “health and well-being improvement” (PR2). Note that these benefits arose from their perspective as consultants
when housing companies apply for GBC. In fact, some urban developers who participated in the present study illustrated their own
examples of these benefits. For instance, participant UD6 highlighted the benefits of GR implementation on walkable roofs since these
places “have become passive recreation areas for the inhabitants.” Additionally, participant UD4 commented on some advantages of
RWHS in the company building, such as providing an alternative water supply for cleaning tasks and thus reducing drinking water
consumption.

The key role that private non-profit organizations supporting sustainable practices play in promoting the benefits of SUWM was
evidenced in this study. For instance, one of CGBC's strategic lines to strengthen sustainable construction practices is knowledge dis-
semination through open-access training and market mobilization. In this sense, the CGBC offers valuable tools for water demand as-
sessment, performing water balance models to replicate natural flows, and providing guidance for implementing water-saving devices
(PR1, PR2). Moreover, the CBGC is consulted for urban policy-making at the regional and national levels in order to develop long-
term strategies within the framework of the SDGs.

4.2.3. Perceived benefits by public sector representatives
Public sector representatives referred to 17 benefits through 34 codings. The most prominent benefits include “runoff volume con-

trol” (c = 5), “flood risk mitigation” (c = 5), and “water quality enhancement” (c = 4). This suggests consensus within the public
sector about the quality and quantity control capabilities of SUDS. Furthermore, participant PU4 (renowned local SUDS champion)
highlighted the importance of quantifying benefits such as “heat resilience,” “amenity,” and “improving health and well-being”
within the cost-benefit analysis to increase civil engineers’ interest: “the conclusion [from the scientific literature on O&M] is that yes,
they are expensive, but because all the benefits of SUDS implementation are not quantified.”

Additional benefits mentioned by the public sector participants are narrowly related to ecosystem services, i.e., “amenity,” “heat
resilience,” “peak flow reduction,” “biodiversity augmentation,” “air quality enhancement,” and “climate change adaptation and mit-
igation.” This demonstrates the great environmental and social scope of SUWM strategies such as SUDS. On the other hand, several
benefits are technical in nature, aligned with the professional background of some participants, and have been poorly explored within
the SUDS literature. For instance, participant PU2 mentioned that large-scale SUDS implementation could support the “delay of water
supply network expansion”: “if this becomes a very massive thing where drinking water consumption is reduced (…) there will be
benefits such as delaying investments for projects to expand supply systems.” PU2 also referred to the “flexibility for repair and main-
tenance work” that SUDS represent compared with conventional drainage systems, alluding to issues of urban densification and traf-
fic congestion:

“In a network that is getting older and older and, in a city, as dense and complex as Bogotá, well, thinking of changing a pipe
of, I don’t know, 800 mm and changing it to 1200 mm, (…) each time a different calculation is made, it is simply unfeasible,
not even from an economic point of view, but from the point of view of the city, given the traffic jam that this type of work of-
ten generates.” (PU2).

In addition, participant PU4 mentioned the “compensation of green area debt” benefit, which arose from a public policy created
by the LSE and UDI to encourage the implementation of SUDS in road renovation projects. PU4 also commented on the hedonic prices
in the real estate market, arguing that “landscape benefits can be seen as a potential benefit for the implementation of SUDS in private
properties.”

Examples of quotations of all benefits mentioned by public sector representatives can be found in Supplementary material, Table
C2.
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4.2.4. Perceived benefits by urban developers
Urban developers referred to 18 benefits through 34 codings, highlighting the “use of harvested water in secondary uses” (c = 7).

Alternative uses included maintenance activities (UD2 and UD3), gardening (UD2, UD5, UD6, and UD7), common areas cleaning
(UD4 and UD6), and toilet flushing (UD4). This benefit, along with “stormwater management” and “runoff volume control,” was iden-
tified as decisive in the process of certification of sustainable constructions (UD2, UD4, and UD6). This reflects the importance of un-
derstanding the needs of all types of actors involved in SUWM because, although the “use of harvested water in secondary uses” was
also the benefit most mentioned by community members, the motivations were different.

Benefits such as “pipe diameter optimization” (c = 5) and “water pumping system optimization” (c = 1) were primarily associ-
ated with economic gains because SUDS should function as complementary components to the traditional drainage system. Despite
having completed the corresponding technical study, participants (UD3, UD7) stated that obstacles such as the “lack of design stan-
dards and guidance” and the “position of power of the water utility” have reduced these opportunities. Participant UD4 added that “if
one goes over budget, it is absolutely impossible to compete.” These interests, including “corporate image enhancement” (c = 1), are
underexplored in the literature and are key to increasing SUDS uptake in all relevant sectors.

Conversely, “amenity,” “flood risk mitigation,” “heat resilience,” “peak flow reduction,” “promotion of multifunctional spaces,”
“recreation opportunities,” and “runoff volume control” were benefits with a social component in the interviewees' speech, evoking
mainly the improvement of the citizens' welfare. In fact, participant UD5 mentioned “improvement of customer's quality of life” as a
key benefit of SUDS implementation in their housing projects. This highlights the ability of SUDS to create end-to-end solutions that
transcend the urban developer's profits.

Examples of quotations of all benefits mentioned by public sector representatives can be found in Supplementary material, Table
C3.

5. Discussion
This work is consistent with the efforts of several authors exploring comprehensive management of natural hazards such as urban

flooding [98], aiming to facilitate public participation [99,100], implement efficient non-structural strategies [101,102], create
flood-resilient communities [103], and raise levels of acceptance of new measures [71,104,105]. Nevertheless, the lack of research
addressing the challenges of SUWM in the context of developing countries [18,106] was confirmed.

This study introduces three main novelties. The first is sectoral representativeness, as evidenced in the investigation of four key ac-
tors: the public sector, urban developers, a private non-profit organization in the field of sustainable construction, and community
members living in flood-prone areas. The second is an analysis in the context of Bogotá, the capital city of Colombia (a developing
country), offering sound evidence for regions sharing socio-geographical similarities. Finally, the systematic identification and evalu-
ation of factors that promote or hinder the transition to SUWM.

5.1. Perceived barriers
The present analysis revealed that technical barriers still have great relevance in the adoption of SUDS, mainly from the perspec-

tive of the public sector and urban developers. This contrasts with previous research in developed countries that claims that major
barriers impeding SUDS uptake are more socio-political rather than technical [19,23,107,108]. Nonetheless, institutional/organiza-
tional barriers played an important role in understanding inter- and cross-sectoral dynamics, so hindrances in other areas could be
more easily addressed. It should be noted that all the public authorities investigated in the present study were aware of their institu-
tional shortcomings, either at the individual or inter-departmental level. A dialogue with urban developers, for whom institutional/
organizational barriers were the most significant, could improve the capabilities of both sectors in the transition to SUWM.

The “Operation and maintenance (O&M)” technical barrier, was mostly referenced by the above-mentioned sectors, in line with
the findings of earlier studies. For instance, Nguyen et al. [109] noted that O&M of urban flood adaptation measures may require
more expertise and skills than conventional drainage systems. Added to this, the maintenance costs of GI and BGI raised the concerns
of designers and managers in Nairobi, Kenya [35]. The network analysis in this study elucidated direct links between O&M and im-
portant technical, financial, and institutional/organizational constraints, which are also covered in previous research [17,35,48].
This emphasizes the significance of multi-stakeholder partnerships in supporting the transition to SUWM to ensure successful long-
term implementation. Furthermore, in cities where SUWM interest is recent, using low-maintenance techniques can increase buy-in
and uptake [36,109].

This study confirmed the relevance of exploring cultural/behavioral barriers highlighted in former research [49,54], which, in the
general analysis, were above financial constraints. Note that the recognition of these types of barriers is not straightforward since they
are derived from intangible factors such as mindset, fear, attitudes, and perceptions [48]. Herein lies the importance of their analysis
since they can boost other types of hindrances. For instance, “path dependency,” which includes vested interests in grey infrastructure
[48,54], may be related to the risk aversion barrier described by Sarabi et al. [96], as public and private sectors are concerned with fi-
nancial losses. In turn, “silo mentality” shrinks efforts to increase knowledge [47] and joint learning [110]. Furthermore, the “uncivil
behaviors” barrier, mentioned mainly by the public sector in relation to citizens’ attitudes, can reduce SUDS overall performance
[111]. This barrier was identified as the main challenge for developing sustainable practices by some community and public sector
participants in a previous study [83].

On the other hand, financial hindrances have been identified by several authors as relevant in the implementation of SUWM
strategies [51,110]. Although, in this analysis, this category was surpassed by technical, institutional/organizational, and cultural/
behavioral barriers, all participating sectors mentioned either the lack of financial resources (community and the public sector) or the
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financial burden (the public sector, private non-profit organization, and urban developers) that SUDS represent. In the latter case, the
conception that water supply is inexpensive in Colombia prevents the promotion of typologies such as RWHS due to low ROI. This
opinion contrasts with the willingness of a low-income community surveyed in Ciudad Verde (neighboring area of Bosa) to resort to
water-saving practices due to high drinking water and sewage service costs [112]. This highlights the significance of investigating dif-
ferent perspectives on urban water management, whether to promote the co-creation of solutions or implement government-led ini-
tiatives.

Community members inquired in this research highlighted the “lack of community ownership” followed by the “lack of general
knowledge” as major barriers hindering further SUDS implementation. Similar results were found in a study conducted in the
Gregório stream catchment, São Paulo, Brazil, where local residents ranked the lack of community engagement as the most important
barrier in adopting SUWM [113]. According to Thorne et al. [41], improving access to information might increase community owner-
ship and buy-in. Therefore, campaigns to raise awareness of both the growing problem of urban flooding and the opportunities pro-
vided by multifunctional solutions such as SUDS can aid in the development of community-led initiatives.

The development of a code book to perform the inductive–deductive analysis revealed some peculiarities. To the best of the au-
thors’ knowledge, the barrier “increase in water tariffs” commented by participant PU2 (LWU specialist) has not been thoroughly in-
vestigated. In turn, it is directly related to the “position of power of the water utility” barrier, which ranked fifth in the overall study
but has received little attention in the literature. Since water authorities are often the most powerful actors and they tend to favor spe-
cific and mono-functional objectives [114], interdisciplinary initiatives might enable greater leadership. Another barrier that lacks re-
search support is the creation of indoor humidity conditions mentioned by participant C4, alluding to the operation of RWHS. Con-
trary to this, members of the Bon Pastor neighborhood in Spain indicated a reduction in humidity problems due to an SUDS scheme in
public areas composed of hollowed gardens, permeable pavements, bioretention strips, and new stormwater collectors [83]. Both are
community perceptions worth evaluating to improve SUDS uptake.

Alternatively, technical barriers such as “clogging effect,” “performance reduction,” and “risks to conventional drainage system
performance” have been widely investigated through hydraulic, hydrological, and optimization models [115–118]. However, there is
a lack of evidence from participatory studies. All citations referring to these barriers (a total of 18) stemmed from perceptions and
misconceptions from the public sector participants and urban developers. This may be linked to other technical barriers such as “lack
of quantitative evidence/performance information” and “lack of local experience/benchmarks.” However, participant UD3 men-
tioned having performed technical tests in the company's Research and Development division. Unfortunately, the tested PP did not
produce the expected results in terms of visual appearance and maintenance. This highlights the critical role that knowledge sup-
ported by technical evidence plays in increasing the adoption of SUWM strategies.

The data collection and data analysis methods used in this study revealed that participants’ opinions are enriched by their expo-
sure to a given topic and the role they play. For instance, the analysis of perceived barriers resulted in 175 mentions made by five pub-
lic sector representatives, whereas the 13 surveyed community members made 34 mentions. The most obvious reason for this dispar-
ity is the lack of SUDS knowledge. However, this also exposes the strong top-down approach in both stormwater management and ur-
ban planning decision-making. Previous researchers called for a balance between technocratic and bottom-up approaches [21,51].
Nonetheless, it is important to consider the influence of the local institutional and economic context [87,119,120].

5.2. Perceived benefits
The general analysis of benefits perceived by the four sectors investigated evidenced the narrow link to ecosystem services (ES) in

all categories, i.e., provisioning, regulating, supporting, and cultural [121]. Connop et al. [76] indicate that SUDS allow the leverag-
ing of additional ES, whereas Alves et al. [122] and Bark and Acreman [107] agree that ES enhances the potential and acceptance of
SUDS. In any case, economic and social benefits found in this study, such as “hedonic housing prices,” “promotion of environmental
awareness,” and “reduction of social gap,” highlighted the wide scope and impact of SUDS in the urban dynamics.

The present analysis demonstrated the importance of including relevant sectors of SUDS management at the private level, such as
urban developers, who mentioned benefits not previously discussed in the literature, i.e., “improvement of customers’ quality of life”
and “corporate image enhancement.” The latter may be related to marketing, one of the facilitators for the application of LID [37] and
NbS [47]. Others, such as “pipe diameter optimization” and “water pumping system optimization,” reflect the relevance of consider-
ing economic factors to improve the feasibility of projects promoting SUWM strategies. On the other hand, benefits mentioned by
public sector representatives such as “compensation of green area debt,” “flexibility for repair and maintenance work,” “delaying of
water supply network expansion,” and “reduction in water treatment costs,” revealed how SUDS, in addition to providing multiple
benefits, may assist public management and policy-making. Identifying and quantifying all possible benefits and co-benefits allows
leveraging public investment [36,123] and reducing financial constraints [109]. Future research might be valuable based on the local
socio-economic context of Bogotá.

Furthermore, previous studies have emphasized the relevance of adopting bottom-up approaches in urban water management
when top-down structures have proven to be ineffective [17,51]. For this reason, the study of perceived benefits by citizens is key to
achieving successful community participation. Even though time constraints did not allow for a representative sample of this sector
and definitive conclusions cannot be drawn, participants cited a wide range of social, economic, and environmental benefits worth
evaluating. Moreover, Bogotá has great potential for implementing property-level strategies such as RWHS and GR, considering that
84% of the city's land is privately owned (PU4). In this sense, knowledge dissemination and benefit awareness initiatives, in addition
to incentive-based policies [124], are key to encouraging SUWM.

Although delving into solutions to overcome barriers hindering SUDS implementation was beyond the scope of this study, several
authors have highlighted some of the presented benefits as drivers, facilitators, or enablers to foster wider adoption of SUDS
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[23,36,37,47]. In addition, according to Gashu and Gebre-Egziabher [49], identifying barriers and working to overcome them facili-
tate GI planning and development. Thus, this study offers 73 key starting points (39 barriers and 34 benefits) to unravel the complex
dynamics of efficient urban water planning and sustainable hydro-meteorological risk management. This task is eased by an under-
standing of barriers and benefits relationships, also evidenced in this study and previous research [23,47,53,96].

6. Conclusions
This study aimed to identify and assess the factors that promote and hinder the transition to SUWM by investigating the perceived

barriers to and benefits of SUDS adoption from the viewpoints of four key urban water sectors in Bogotá, Colombia. The main findings
include the following: (i) multi-sector analysis provides valuable insights for understanding the local-context strengths and con-
straints in alternative urban water management and city planning; (ii) technical barriers still have a great impact on SUDS uptake,
contrasting with some studies from developed countries where socio-political barriers prevail; (iii) institutional/organizational and
cultural/behavioral barriers may surpass financial constraints; (iv) there is a strong relationship between SUDS benefits and ecosys-
tem services even though some economic, social, and environmental advantages are beyond this categorization; and (v) there are di-
rect links between barriers, benefits, and actors that should be considered in the comprehensive planning of stormwater management
solutions.

In line with the research gaps we sought to address, there are two main limitations for this study to be conclusive. Although the
number of participants is reduced, findings derived from the multisectoral analysis are more exploratory [92], offer representative-
ness in the local context [125], and portray the diversity of views [83] on sustainable strategies. Furthermore, lessons learned from a
single-case study are informative and insightful [126], laying the basis for future research. The other limitation refers to the data col-
lection method used in the community sector. Initially, the interaction was devised as FGD, but because of the COVID-19 pandemic is-
sues, it had to be modified, which may have influenced the scope of participating members. Nonetheless, questionnaires with open-
ended questions facilitated the creation of a more fluent communication channel and the manifestation of preferences and percep-
tions.

Our findings stress the importance of future research on multiple areas: (i) an economic assessment of SUDS benefits based on this
study to leverage interest and help overcome some of the presented barriers; (ii) the exploration of other demographic and socio-
economic contexts, whether local, national, or Latin American, to contribute to the regional and international debate on sustainable
urban planning; and (iii) the development of participatory spatial-hydraulic modeling-based investigations to assess SUDS impact on
local FRM.

This research does not seek to draw universally applicable assertions or definitive conclusions for the city of Bogotá. The results of
this study emphasize the importance of employing interdisciplinary approaches to achieve an efficient transition to SUWM and pro-
vide a sound basis for such analysis in cities with comparable features in terms of urban planning and growth, stormwater manage-
ment, and socio-economic-institutional dynamics. Moreover, acknowledging the above-mentioned limitations and future work scope,
the adopted methodology proved to be flexible and effective for analyzing multisectoral opinions, reducing the inherent biases of
qualitative research, and can be easily exported to other contexts worldwide. We hope that our study spurs greater interest in all rele-
vant sectors, encourages cross-sector partnerships, and that our findings can be useful in sustainable flood risk management.
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