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Stormwater management is a fundamental public service in urban areas that has

wide-ranging implications on water supply, public safety, and ecosystem health. This

paper examines stormwater management priorities expressed by community leaders

and residents, educators, industry professionals, and water managers. It uses Q-

methodology, a mixed-method approach, to understand prevalent narratives around

stormwater management that comprise the public discourse. The purpose of this

research is to elucidate points of agreement and disagreement in the context of a

contentious flood risk management project. In total, 18 participants ranked an identical

set of 25 idea statements relative to one another. Through principal component analysis, I

identify four distinct narratives that prioritize different aspects of stormwater management

objectives. The narrative analysis shows broad agreement that decentralized, soft

infrastructure (e.g., green infrastructure) should be part of stormwater management

solutions. However, there is widespread disagreement over funding mechanisms, the

community’s responsibilities, and the underlying planning approach to stormwater

management. There was no discernable pattern in sector affiliation with any of the

narratives. I summarize the dimensionality of stormwater governance and the potential

spectrum of ideas about infrastructure, responsibilities, and planning approaches in a

framework that characterizes competing viewpoints. The results of this study are useful

in understanding underlying sources of conflict regarding stormwater management that

may not be readily apparent in public discourse.

Keywords: stormwater management, environmental governance, collaborative planning, Q-methodology, mixed

method

INTRODUCTION

Precipitation contributes to critical processes in the water cycle, including replenishing aquifers
through infiltration, creating soil moisture, and generating flow to surface water bodies. Urban
landscapes fundamentally alter these processes where the impervious nature of developed land
leads to a reduction in infiltration, increased overland flow as stormwater, flashier runoff events, and
dispersion of pollutants to natural bodies of water (Kondoh andNishiyama, 2000; Henderson, 2002;
McDonald et al., 2014; Güneralp et al., 2015). Stormwater management infrastructure and policies
are a critical public service in urban governance, which has important implications for water supply,
public health and safety, and ecosystem health as affected by both water quantity and quality
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(Porse, 2013; Hoekstra et al., 2018). Changes in rainfall
patterns associated with climate change exacerbate risks of
flooding or drought that exist through the hardening of
watersheds (Hoegh-Guldberg et al., 2018; Prudencio and Null,
2018). Moreover, in coastal areas, sea-level rise can compound
stormwater management issues where tidal inundation can
prevent stormwater infrastructure from draining and cause
drainage systems to backup (Spanger-Siegfried et al., 2014).

The legacy of water resources development and flood
protection in the 20th century is the successful rise of cities
in the US, often at the expense of natural processes that allow
for infiltration of water into the ground, reduce the speed
and peak of water flow, and provide biological and physical
filtration of water (National Academies, 2016). Characteristic
of water resources management during the 20th century is
the fragmented management of various aspects of water and
related sectors, top-down implementation of projects, expert-
driven solutions that do not seek to incorporate stakeholder
viewpoints, and little to no consideration of the consequences
to the environment when meeting water demand (Lane, 2005;
Innes and Booher, 2010; Mukheibir et al., 2014). These features
extend to stormwater management—or flood control, in 20th
century vernacular. Increasingly, current water management
philosophies are shifting from the conventional top-down
approach to promoting inclusivity of local communities in
decision making and valuing water as one resource in its many
forms (e.g., freshwater, stormwater, wastewater) (Gleick, 2003;
Christian-Smith et al., 2012; Grant et al., 2012; US Water
Alliance, 2017).

Stormwater governance includes a complex network of
institutions and policies regulating, managing, planning, or
advocating for stormwater management infrastructure and
solutions. Jurisdiction over various stormwater management
objectives is dispersed across many entities and is usually
based on the locational occurrence of stormwater—first as
rainfall, then as excess runoff. The cross-jurisdictional nature of
stormwater presents many dimensions of potential management
possibilities which create wicked problems that are often
exacerbated by constraints created by historical systems and
future concerns (Rittel and Webber, 1973; Innes and Booher,
2010). Wicked problems often involve competing and intractable
tradeoffs with no easy solution. Without clear solutions,
collaborative governance offers a means of seeking successful
outcomes in wicked problems (Innes and Booher, 2010; Emerson
et al., 2012). Healey (2009) defines collaborative governance
as “any kind of practice centered on resolving collective
action problems in the public sphere or realm.” Collaborative
planning and the dialogue between governing institutions and
policies and the community can foster trust, which is an
essential component of successful governance (Tsai and Ghosal,
1998). Moreover, dialogue between community and resource
management agencies is fundamental to determining desired
outcomes. However, fostering this level of communication and
coordination in stormwater management can be a particularly
complicated endeavor where competing ideas about desired
outcomes and potential solutions can lead to tension and conflict
that stifles effective dialogue.

For this study, I focus on the perceptions of stormwater
management in the Ala Wai watershed of Honolulu, Hawai‘i.
Following the designation of federal funding for a US Army
Corps of Engineers (USACE) Flood Risk Management project
in July 2019, disagreements about the project led to an intense
clash between community and government actors, upstream and
downstream watershed residents and uses, as well as new vs.
conventional approaches to stormwater management (Honore,
2018; Caron, 2019; Downey, 2019; Pursel, 2019; Schuler, 2019).
A combination of the project proposing to exercise eminent
domain and the seeming lack of transparency and public
engagement in the project development galvanized residents of
the watershed to rise in opposition (Honore, 2019a; Schaefers,
2019; Speakman, 2019). The uprising of the community in
response to the USACE project is indicative of a reaction to
an opaque, top-down process that tends to cultivate distrust
(Forester, 1989; Huet, 2020). The motivation of this study is
to understand whether ideas about stormwater management
infrastructure, responsibilities, and planning approach converge
or diverge between community members and water managers.
This research uses a mixed-method approach, Q-methodology,
to understand narratives that are present in the current
discourse around stormwater management in the Ala Wai
watershed. Specifically, the methodology uses a dimension
reduction technique to understand the overlapping and diverging
priorities between narratives. Establishing points of agreement
and disagreement between narrative groups can be useful
to understand the underlying core ideas about stormwater
management that may not be apparent in the public discourse,
in order to initiate dialogue and rebuild trust for future
stormwater management endeavors. A critical component to the
conflict motivating this research study is to understand the role
of community in stormwater governance and whether views
differ between the community and those in positions to drive
management decisions.

STUDY CONTEXT

For this research, I chose the Ala Wai watershed as a case
study because of amedia attention-grabbing controversy between
the community in the Ala Wai watershed and the U.S. Army
Corps of Engineers (USACE). The Ala Wai watershed, situated
in the Primary Urban Core of Honolulu, serves as a major
economic engine for the State of Hawai‘i and is a highly-
populated area (Fujii, 2016). Contained within the watershed
is the world-renowned coastal tourist destination of Waikiki1,
whose development primarily exists because of the Ala Wai
Canal. The roughly 3-kilometer long artificial canal runs through
an area that was historically wetlands and is less than half a
kilometer’s distance from the shoreline. Completed in 1928, the
rationale for the AlaWai canal was to “reclaim certain unsanitary

1Throughout this paper, I refer to “Waikiki” as it is used colloquially to refer to the

coastal neighborhood bordered by the AlaWai Canal. However, the system of land

identification andmanagement used byHawaiians before 1848 consideredWaikiki

to be the entire ridge-to-coast land unit, or ahupua‘a, which I refer to as the “Ala

Wai watershed” in this paper.

Frontiers in Sustainable Cities | www.frontiersin.org 2 April 2022 | Volume 4 | Article 832935

https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles


Arik Characterizing Competing Viewpoints in Stormwater

lands,” for which the land values skyrocketed nearly 400 times
in the period that the canal was being built and tourism to
Waikiki doubled (Steele, 1992). In reality, the destruction of
the wetlands through the dredge-and-fill practices used to build
the Ala Wai Canal displaced and destroyed the livelihoods of
many indigenous farmers who cultivated taro in the wetlands
(lo‘i kalo). The story of the Ala Wai Canal and much of the land
and coastal development of the surrounding areas reflects the
imposition of colonial capitalism on Native Hawaiians and their
land (Silva, 2004). Beginning with the destruction of the Waikiki
fishponds (indigenous coastal structures used for subsistence
fishing) in 1909 to build Fort DeRussy, the Ala Wai Canal
cemented the current legacy of Waikiki as a tourist destination
and the uprooting of the long indigenous history of the area
(Connelly, 2020).

The original design of the Ala Wai Canal was to have two
outlets to the coast. However, due to concerns about polluted,
sediment-latent water ruining the attraction of the Waikiki
beaches, the southern outlet was never completed (Cocke,
2013a). This unfortunate, incomplete design createsmany further
present-day issues. First, without a southern outlet for the flow
of water, sediment build-up in the canal requires the canal to be
dredged periodically. Waikiki was initially envisioned as single-
family homes but is now occupied by high-rise condos and
hotels, which is not what the infrastructure was originally built to
accommodate (Honolulu Civil Beat, 2013). Consequently, during
some high rainfall events, the wastewater system has been subject
to overflow into the Ala Wai canal, creating dangerous water
quality conditions and toxic sediment in the canal (Thompson,
2017). Along with poor ambient water quality, the canal’s
periodic dredging is well known to create toxic conditions
detrimental to public health and aquatic wildlife (Glenn and
McMurtry, 1995; Cocke, 2013b). Second, although the Ala Wai
canal exists to drain a naturally-occurring wetland area, the Ala
Wai canal cannot provide sufficient flood protection against a
major storm event, which would likely devastate Waikiki (US
ACE, 2017; Cocke, 2018). Flooding is a significant concern for
the coastal neighborhood of Waikiki because much of the Ala
Wai watershed upstream is hardened by impervious surfaces
and the drainage infrastructure was not built to accommodate
the amount of development existent today. Third, sea-level rise
will likely exacerbate these issues in the Ala Wai Canal and the
drainage infrastructure in the watershed if the status quo is held
(Hawai’i Climate Change Mitigation Adaptation Commission,
2017).

Even with a checkered history and the public health dangers,
the Ala Wai Canal is a recreational focal point for the resident
community (Cocke, 2013c), just as it has become the focus of the
USACE Flood Risk Management Study. The State Department
of Land and Natural Resources (DLNR) is responsible for the
dredging and improvements of the AlaWai Canal. At the request
of DLNR, the USACE completed a Flood Risk Assessment
of the Ala Wai Canal in 2018, after more than a decade of
effort (US ACE, 2017). The recommended project aims to
address stormwater issues throughout the Ala Wai watershed,
focusing on the Ala Wai Canal’s flooding risk. Although the
USACE claims the design process included public engagement,
many residents of the community only became generally aware

of the proposed projects in 2018 when the project’s federal
funding was secured through the US Congress. The funding
mechanism requires a state partner to match funds, which
further raised community awareness of the project when the
State budgeted the $125 million matching funds to $345 million
in federal funds in December 2018 (Yerton, 2018; Yoshioka,
2019). As knowledge of the project spread, it received strong
resistance from many Ala Wai watershed community members
culminating in a lawsuit over the misfiling of an Environmental
Impact Statement (Honore, 2019a; Schaefers, 2019; Speakman,
2019). At the beginning of 2021, the USACE held several
public meetings and adjusted the project recommendations
to remove three of the originally-proposed upper watershed
basins that were not well-received (Honore, 2019b). The project’s
price tag also nearly doubled to $651 million (Schaefers,
2021a).

Undoubtedly, there is a need to address stormwater issues
in the Ala Wai Canal and throughout the Ala Wai watershed.
However, sentiment over how stormwater should be managed
ranges from wanting to see natural wetlands restored to
moving forward with the USACE project (Caron, 2019; Civil
Beat Editorial, Board, 2019). Regardless of what the solution
set looks like, many community members felt that USACE
should have consulted the public throughout their assessment
process (Pursel, 2019; Speakman, 2019). Since the project lost
its sponsorship from the federal government of $345 million
in construction funding, the USACE is in the process of
identifying a new flood risk management plan for the watershed
(Schaefers, 2021b). There are a clear range of opinions over
what stormwater management does and should look like both
institutionally and infrastructurally (Huet, 2020). These ideas
create a discourse in the news, social media, and public meetings
that often portrays community against government. However,
just as the issues are complex, viewpoints around stormwater
management are multi-faceted and more nuanced than apparent
or portrayed.

METHODS

This study employs Q-methodology, which is a mixed-method
research technique used to study participant viewpoints and
offers a means to bring objectivity into subjective research
(Stephenson, 1935, 1953). I selected Q-method for several
reasons. First, the outcome of the Q-method is to identify
multiple narratives by identifying patterns in participant
priorities and reducing the total dimensionality of responses.
Compared to survey instruments that often aim to find
a prevailing narrative, Q-methodology does not require a
representative sample size nor a random sampling of subjects
(Robbins and Krueger, 2012; McKeown and Thomas, 2013;
Zabala et al., 2018). This is because the data input for the analysis
is the “Q-sort,” which is a sorted set of identical statements unique
to each respondent, rather than an analysis of the respondents as
a sample population. Second, a principal component analysis is
a method to statistically distinguish narrative groups that may
not be readily apparent with a purely qualitative methodology.
The interpretation of the narrative groups found through
statistical analysis is aided by information gathered through

Frontiers in Sustainable Cities | www.frontiersin.org 3 April 2022 | Volume 4 | Article 832935

https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles


Arik Characterizing Competing Viewpoints in Stormwater

semi-structured interviews. Finally, the Q-method is useful for
understanding divisive environmental management problems
(Addams, 2000; Webler et al., 2009; Sy et al., 2018). The
same methodology is used for stormwater management studies
conducted in Chicago and Los Angeles (Cousins, 2017a,b,c).
The Cousins studies employ the same concourse of statements
in each study, and interviews are conducted solely with water
managers. The focus of the research questions in those studies is
in regards to understanding opinions of how stormwater should
be governed. One major difference from the Cousins studies is
that I include community members as participants in this study.

The conflict motivating this research study can be
characterized by many tensions, including upstream vs.
downstream, residents vs. tourists, or legacy infrastructure
vs. desired infrastructure. Though there may be several
potential dimensions to the conflict, a critical component to
this research study is to understand the roles and views of
community members and those in positions to drive stormwater
management decisions. The use of Q-methodology enables
the analysis of people’s subjective ideas about how stormwater
should be managed to understand the main narratives that exist
as part of the discourse.

I summarize the steps to systematically conducting a Q-
method study in three major actions in the sections below,

including the process of statement collection, interviews, and
data analysis (Addams, 2000; Webler et al., 2009; Watts
and Stenner, 2012; McKeown and Thomas, 2013). Figure 1

summarizes how to conduct a Q-methodological study and the
sub-steps employed for each main action.

Statement Collection
The concourse of statements, or the “Q-set,” is a selection of
opinion statements that are not readily provable (Webler et al.,
2009). The statements are meant to be reacted to in relation to
one another and interpreted differently by different participants.
At the same time, each statement is intended to be a stand-
alone idea that can be interpreted independently. To gather
statements for this step, I conducted a thorough search of local
news media sources and article comments, media videos and
comments, and social media sources to gather sentiments related
to water in the Ala Wai watershed. Although some online spaces
tend to garner deconstructive and critical commentary, I only
selected statements that added potentially constructive ideas to
the dialogue. The statements were primarily collected in June
and July 2019, reflecting a period during which local news
outlets extensively covered the USACE project. To add more
range of ideas into the set of statements, I searched through
websites of local organizations working on various aspects of

FIGURE 1 | Nine steps in Q-methodology include the creation of a statement set, interviews, and data analysis to interpret the narratives. This graphic was used to

explain the process to the interviewees.
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stormwater, either in the Ala Wai specifically, in the city or state,
or more broadly. Additionally, I searched statements collected
during previous semi-structured interviews (Chun et al., 2017)
and took note of ideas expressed during public forums or other
communications with key individuals. Finally, I pulled relevant
statements used for two Q-method studies specific to stormwater
management (Cousins, 2017a,b). This task aims to reach a point
of saturation such that no new ideas are emerging in statements
(Corbin and Strauss, 2008). In total, I collected 160 statements
from 34 sources representing a spread of sectors.

Each statement was categorized according to the primary
outcome expressed. To capture the complexity of various aspects
of stormwater management, I used a categorization system
shown in Table 1. The first five objectives come from Gleick
(2003) to situate best practices for stormwater management in
the concept of moving away from “hard” to “soft path” solutions.
Objectives 6 through 14 are from the US Environmental
Protection Agency (EPA) guidelines for voluntary long-term
stormwater planning (US EPA, 2016). Finally, the last objective
is inspired by Pascua et al. (2017) to incorporate indigenous
relationships with the ecosystem that are often suppressed
under colonial management systems. From an indigenous
Hawaiian perspective, these include cultural ecosystem services
such as Ike (Knowledge), Mana (Spiritual Landscapes), Pilina
Kanaka (Social Interactions), and Ola Mau (Physical and Mental
Wellbeing). Some aspects of stormwater management can be

multi-objective. I used best judgment to assess the main objective

of any given statement and also tagged secondary benefits. I had

between 5 and 25 associated idea statements for each category.
I took several steps to finalize the set of statements used

in this analysis. First, I selected the most compelling and clear
statements in each of the 15 categories representing various
perspectives. I edited some statements to decontextualize them
so they would not be readily attributable to the source or
connected to the USACE project. The purpose of this step was

to ensure that none of the statements would conjure emotional
reactions unrelated to the content of the statement and that
the ideas could be applied to other watersheds. I also edited
statements for clarity and greater specificity. My goal was to
make sure that anyone with a non-expert working knowledge
of stormwater issues could readily understand each statement.
Although the statements are meant to be interpreted differently
by different participants (Webler et al., 2009), I avoided ideas with
too much room for misinterpretation. For example, a statement
such as “stormwater capture and groundwater recharge has
great potential” is too vague for this exercise because it offers
no specifics about how these objectives could be achieved and
does not offer much room for disagreement. I conducted two
pilot rounds of interviews to reduce 41 statements to a final
set of 25 (i.e., the “Q-set”). This helped eliminate confusing
statements such as “infrastructural project outcomes should
also include civic programming,” where the concept of “civic
programming” was not commonly understood terminology.
However, a collective understanding was not always desirable
in statements. For example, I included several statements about
“green infrastructure” that indirectly allowed the participant to
demonstrate how they define or feel about the concept. I chose
statements that portray different benefits of green infrastructure
for which the participant can react and prioritize to self-
define the concept. Notably, I opted for a smaller statement
set since the statement sorting exercise and interviews were
conducted virtually due to COVID-19 public health restrictions.
Q-method studies average about 40 statements, ranging from 15–
65 statements, but are commonly tactile exercises conducted in
person (Lundberg et al., 2020).

Interviews and Statement Sorting
Research Design
I conducted 18 semi-structured interviews over 3 months in late
2020. For efficacy in the narrative analysis, the total number

TABLE 1 | Fifteen objectives for stormwater planning and management.

Objectives of twenty-first century stormwater planning Reference

1 Carefully plan and manage infrastructure and facilities fit for the context Gleick (2003)

2 Improve the productivity of water use rather than seek endless sources of new supply

3 Match water services and qualities of water to user needs

4 Use economic tools to encourage efficient use and equitable distribution of water

5 Include local communities in decisions about water management, allocation, and use

6 Stormwater runoff reduction, increasing infiltration, groundwater recharge, and rainwater harvesting US EPA (2016)

7 Water quality

8 Capital improvements

9 Flooding reduction

10 Resiliency

11 Economic development to attract resources to the community

12 Social amenities for the health or wellbeing of the community

13 Open space preservation

14 Natural channel, watershed, shoreline, and natural floodplain functions protection

15 Indigenous infrastructure, knowledge, and practices Pascua et al. (2017)
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TABLE 2 | The research design for sorting 25 statements relative to one another, from most disagreeable (−4) to most agreeable (+4), with neutral in the middle (0).

Q-study sorting scheme

Statement rank −4 −3 −2 −1 0 +1 +2 +3 +4

Number of statements 1 2 3 4 5 4 3 2 1

of participants should be no greater than the number of
statements and no less than half (Watts and Stenner, 2005).
Participants were selected through purposive sampling with
names found through the initial step of gathering statements
or first-hand knowledge of key people involved in stormwater
management and community organization. Although the
selection of participants through purposive sampling can
introduce researcher bias, this is a critical step to ensuring the
quality of data collected for analysis will enable theoretically-
sound interpretation (Dairon et al., 2017). Occasionally,
further participants were identified through referral. The
participants (i.e., the “P-set”) represent various entities involved
in stormwater management or issues surrounding the Ala Wai
watershed. The selection of participants was also based on evenly
representing sector affiliations. There were four participants
from government positions, five from consulting or research
roles, five from community or advocacy groups, and four
representing organizations dedicated to outreach or education.
In inviting each person to participate in this study, I identified
their role or position related to the Ala Wai watershed. Each
participant was willing to respond from the position specified,
even though some participants identified multiple roles that
might affect their responses. I assigned each participant to one
of the four sector affiliations post-interview and followed up
with participants with the opportunity to provide feedback.
Although I did not explicitly collect demographic data, I
interviewed a set of participants representing a diverse range
in gender, age, race, geographic relation to the watershed, and
career backgrounds.

All interviews were conducted virtually via videoconference
due to public health concerns imposed by the COVID-19
pandemic. For the statement sorting exercise, I used the Q-
Method Testing and Inquiry Platform (Q-TIP)2 provided by the
University of Wisconsin-Madison Geography Department. Each
participant was asked to arrange the 25 statements according to
the ranking arrangement shown in Table 2, referred to as the
“Q-sort.” The Q-sort creates a forced prioritization of statements
relative to one another, with the greatest number of statements
prescribed to a neutral ranking (i.e., neither agree nor disagree).
The statement order was randomized. However, the Q-TIP
platform did not allow for the initial step recommended by
Q-methodologists of sorting the statements into three piles
of “agree,” “neutral, and “disagree.” Instead, the participants
immediately sorted the statements into the Q-sort arrangement
and were encouraged to re-arrange statements throughout the
sorting exercise. The sorting exercise was followed by a semi-
structured interview to understand the rationale for statement

2https://qtip.geography.wisc.edu/#/

rankings (Block, 2008). Although the research study was designed
to understand the core of how community members and water
managers believe stormwater should be managed in the Ala Wai
watershed outside of the contentious environment surrounding
the USACE project, the participants were nonetheless asked to
rank the statements based on their ideas and experiences in
the Ala Wai watershed and asked follow-up questions during
the interview to better understand whether and how they
have been involved with the USACE Ala Wai Flood Risk
Management Project.

Narrative Analysis
Q-method employs data reduction techniques to determine a
small set of narratives from the prioritized statement sets of
each participant (i.e., Q-sorts) collected during the interview
process. To use a dimensionality reduction technique, each
Q-sort represents a variable, where similarities or differences
can be identified between variables. Essentially, the analysis
process takes the 18 Q-sorts and reduces them to 2 to 5 narrative
groups, or “average” Q-sorts (Webler et al., 2009). I used the
Ken-Q Data open-source code3 to conduct the narrative analysis.
I use Principal Component Analysis (PCA) along with the
“varimax rotation” technique to ensure principal components
have meaning and are interpretable (Akhtar-Danesh, 2017);
this is explained further below. The combination of PCA
and the varimax rotation offers a mathematically unique
solution (Ramlo, 2016). The principal components determined
through the mathematical procedures are then interpreted
into narratives using the semi-structured interviews. Even
with a mathematically unique solution, there are multiple
ways to approach the narrative analysis. Therefore, Watts
and Stenner (2012) recommend approaching the narrative
analysis with clear analytical aims, where the results are not
necessarily “expected” but should be “suspected” based on
researcher knowledge gained through the interview process.
In other words, it is possible to have a mathematically optimal
procedure that does not optimally capture the underlying
participant perspectives. Therefore, researcher knowledge
provides a critical analytical check during the narrative
analysis process.

Principal Component Analysis
Principal Component Analysis (PCA) is a linear transformation
method used to reduce the dimensionality of a dataset by
maximizing the variance (i.e., capturing the most amount of
information) in the first principal component and minimizing
the variance in the last principal component. There will be

3https://shawnbanasick.github.io/ken-q-analysis/index.html
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as many principal components as dimensions in the data.
However, the objective of PCA is to prioritize the principal
components by the amount of information they retain. As
a general rule, principal components with eigenvalues less
than one can be eliminated since correlation values of the
input matrix will be no greater than one (Watts and Stenner,
2005).

The resultant transformation of the data will yield correlation
values of the variables (i.e., Q-sorts) to each of the principal
components. However, in its raw form, the correlation values are
an expression of a subspace where most variables correlate highly
to the first principal component with many non-zero weights
on subsequent principal components that make it difficult to
interpret. Therefore, rotation methods are used to capture
more meaning from the data and for ease of interpretation
(Akhtar-Danesh, 2017). Orthogonal rotation techniques are
commonly used in Q-methodology because it retains the
assumption of independence between principal components
(Addams, 2000). Varimax is an orthogonal rotation technique
that maximizes the individual variable variance and minimizes
the shared variance between principal components. That is,
varimax aligns the transformed coordinate system so that any
given variable correlates highly with one principal component
and near-zero with the other principal components to the
extent that the data will allow. The result is a more discrete
representation of how the variables correlate to each principal
component without losing the original data structure. Each
defining variable (e.g., in this study, determined at p <

0.05) of a principal component will provide a weighted value
based on its correlation to the principal component that will
be used to calculate the “average” Q-sort for that principal
component. The “average” Q-sorts are reconstructed based on
the Z-score values of the 25 statements (i.e., the statement
with the highest Z-score value is assigned +4 ranking, and
the lowest Z-score is assigned−4 ranking). The Z-scores also
allow for comparisons of statements between the narratives. The
statistics gathered from the mathematical procedures enable the
analytical process to interpret the narratives derived from the
principal components.

Post-analysis Interpretation
Interpreting the meaning of the narratives based on the PCA
results is a critical final step to connect the subjectivity of
the interviewees to the data collected. The semi-structured
interviews are used to ensure the mathematical results of the
PCA align with the ideas that were expressed by participants.
An essential piece of this step is finalizing the number of
principal components (PCs). For example, having more PCs
means there are more narratives and potential more nuance
between the different narratives. On the other hand, having
fewer PCs means fewer narratives and potentially greater
contrast between narratives. To decide on the number of PCs
requires alignment between the participants that correlate with
the PCs using the information gathered during the semi-
structured interviews. With the preliminary results, I contacted
the participants as an opportunity for them to provide any

further feedback based on the narratives that I interpreted from
the analysis.

RESULTS

Participant Loadings on Components
In total, I analyzed 18 Q-sorts (i.e., the prioritized statement sets
of each participant) for this narrative analysis. Three principal
components that explained 51% of the variance with eigenvalues
greater than one were included in the analysis. I explored the
results of retaining 2–6 principal components, and decided to
retain three for interpretation based on how well they aligned
with interview conversations. Of the 18 participants, 17 loaded
on (i.e., correlated to) the three principal components with p <

0.05, as shown in Table 3. Component 2 was considered a bipolar
component and split into two effectively opposite narratives (i.e.,
components 2a & 2b). Component 1 has six defining variables
(i.e., participant Q-sorts) and four distinguishing statements
(p < 0.05) with a composite reliability (i.e., a measure of the
internal consistency of the principal component) of 0.96 and a
standard error of component Z-scores of 0.20. Component 2a
has eight defining variables and five distinguishing statements
with a composite reliability of 0.97 and a standard error of
component Z-scores of 0.17. Component 2b has one defining
variable and four distinguishing statements with a composite
reliability of 0.80 and a standard error of component Z-scores
of 0.45. Component 3 has two defining variables and three
distinguishing statements with a composite reliability of 0.89 and
a standard error of component Z-scores of 0.33. There are four
consensus statements between all principal components that do
not distinguish between any pair of components (p> 0.01). There
was no strong alignment between affiliations of participants and
loading on components.

Narrative Interpretations of Principal
Components
PC 1: Stormwater Solutions Are Strongly Connected

to Land Use and Stewardship
This is a narrative that centers around the tension
between centralized and decentralized project solutions,
where it tends to prioritize decentralized solutions
and de-prioritize centralized projects. The narrative is
characterized by a strong connection between land use
and land stewardship as critical to both the creation
of current issues in the watershed and key factors to
stormwater management solutions. Ideas prioritized
in this narrative relate to restoring natural features,
valuing and managing stormwater as a resource rather
than a hazard, and green infrastructure. Ideas that
were de-emphasized in this narrative include space as a
limitation to green infrastructure and the centralization of
stormwater management projects. Table 4 summarizes the
notably ranked statements for this narrative compared to
other narratives.

Participants who correlated to this principal component
favor decentralized solutions and emphasize the need for a
holistic, watershed-level approach to stormwater management.
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TABLE 3 | Principal component (PC) loadings by participant.

Sector affiliation PC 1 PC 2a PC 2b PC 3

Consulting/research 0.817 0.171 −0.171 0.143

Community/advocacy 0.766 0.033 −0.033 −0.293

Government 0.750 −0.007 0.007 0.395

Education/outreach 0.708 0.003 −0.003 0.065

Education/outreach 0.689 0.323 −0.323 0.113

Government 0.488 0.107 −0.107 −0.153

Community/advocacy 0.452 0.565 −0.565 −0.123

Consulting/research 0.344 0.595 −0.595 0.061

Consulting/research 0.192 0.618 −0.618 −0.315

Community/advocacy 0.174 0.732 −0.732 0.078

Education/outreach 0.106 0.519 −0.519 −0.394

Government 0.074 0.431 −0.431 −0.066

Consulting/research −0.008 0.634 −0.634 0.180

Government −0.200 0.665 −0.665 0.328

Community/advocacy 0.364 −0.513 0.513 0.007

Consulting/research 0.119 0.338 −0.338 0.628

Community/advocacy 0.091 −0.201 0.201 0.699

Education/outreach 0.578 −0.172 0.172 −0.560

% Explained variance 22 19 19 11

Defining variables 6 8 1 2

Composite reliability 0.960 0.970 0.800 0.889

S.E. of PC Z–scores 0.200 0.173 0.447 0.333

Bold loading values represent correlations to PCs of p < 0.05 that also indicate the defining variables for each PC.

One participant, in particular, pointed to statements 16
(“The restoration of wetlands and other ecological features
throughout the watershed is critical to successful environmental
management.”; p < 0.05, d∗), 11 (“We need to value and
manage stormwater as a resource rather than a hazard.
This means finding methods to keep and use water in-
place as much as possible, rather than building systems to
remove water as quickly as possible.”; p < 0.01, d∗∗), and
13 (“Restoring Hawaiian cultural water and land practices,
such as lo‘i kalo4, can help us address some of our most
pressing challenges.”) as interchangeable concepts. Statement
13, however, ranked relatively low for this narrative because
of the general feeling among other participants that land
ownership and urbanization is too large of an obstacle for
implementing Hawaiian land and water management practices
in the Ala Wai watershed specifically. Emphasizing decentralized
solutions, another participant offered the thought experiment
dividing $200 million (approximating the then-cost of the
USACE Project) amongst landowners to build rain gardens and
hold rainwater on their property. There was a general sense
that spending money on stormwater management would be
fruitless unless through collaboration between the community
and government.

This narrative’s lowest ranking statements represent a
rejection of reasons often used against green infrastructure,
ecological restoration, and decentralized solutions. In particular,

4Lo‘i kalo is an indigenous wetland taro farming and terracing practice.

one younger participant attributed statements 15 (“Our
stormwater issues are potentially so substantial that larger
centralized projects for handling and capturing stormwater
are more effective and cost-efficient than trying to treat it at
thousands of small sources.)” and 6 (“Space is a significant
limitation to scaling up green infrastructure-type solutions
to meet the magnitude of the problem cost-effectively.”) as
outmoded, rejecting them as “old school thinking” that is the
cause of many of the problems currently faced in the watershed.
Seemingly counterintuitive to this narrative’s emphasis on
decentralized solutions, statement 23 (“Retrofitting urban
areas with distributed solutions like green infrastructure
and low impact development should be encouraged through
regulation or incentive programs.” p < 0.05, d∗) ranked
low. One participant de-prioritized statement 23 with the
rationale that stormwater management should be done for the
intrinsic value of the ecosystem and not through incentives or
regulation. Another participant was skeptical that regulation
would motivate private landowners to implement best practices
if not already doing so. At the same time, another suggested
that blanket implementation of regulation or incentives
would lead to uneven benefits where some watershed areas
are better suited for stormwater runoff management than
others. There was also general cynicism around the private
industry’s role in stormwater management, reasoned with
skepticism over whether private investment ventures would
truly operate in the public’s best interest rather than a company’s
bottom line.

Frontiers in Sustainable Cities | www.frontiersin.org 8 April 2022 | Volume 4 | Article 832935

https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles


Arik Characterizing Competing Viewpoints in Stormwater

TABLE 4 | Summary of notable statements for Narrative 1 (PC 1).

Statement Statement rankings per narrative

1 2a 2b 3

Highest ranked statement for Narrative 1

16. The restoration of wetlands and other ecological features throughout the watershed is

critical to successful environmental management.

±4* +1 +2 0

Statements ranked higher for Narrative 1 compared to other Narratives

11. We need to value and manage stormwater as a resource rather than a hazard. This means

finding methods to keep and use water in-place as much as possible, rather than building

systems to remove water as quickly as possible.

±3** +1 −3 −1

12. Agencies should actively reach out to and seek input from residents and businesses in

neighborhoods affected by stormwater management projects.

+3 0 +3 +2

2. Green infrastructure is a cost-effective approach to improve water quality and help

communities stretch their infrastructure investments further by providing multiple

environmental, economic, and community benefits.

+2 +2 −1 1

20. Removing impervious surfaces to increase the absorption capacity of the watershed is

among the most basic and effective strategies that can be employed in the urbanized

areas.

+2 0 +1 −2

10. Stormwater capture can contribute to water conservation efforts and increase the

efficiency and productivity of water use.

+2 0 0 −1

18. Resiliency includes promoting opportunities for social cohesion (e.g., opportunities to work

together and build community networks) in watershed projects.

+1 −3 +1 −1

1. Funding operations and maintenance into perpetuity is the most important consideration

when planning any stormwater management project.

+1 0 −1 −1

7. Private landowners should be responsible for managing and minimizing stormwater runoff

from their property.

0 0 −1 0

Statements ranked lower for Narrative 1 compared to other Narratives

25. Stormwater should be held and used on-site as much as possible. 0 +1 +1 +1

17. We need better parks and public spaces that can also function as flood parks designed to

retain water and reduce flash flooding.

0 +1 +2 +1

23. Retrofitting urban areas with distributed solutions like green infrastructure and low impact

development should be encouraged through regulation or incentive programs.

0* +2 +2 +2

13. Restoring Hawaiian cultural water and land practices, such as lo‘i kalo, can help us

address some of our most pressing challenges.

−1 −1 +4 0

22. Government agencies should seek private-public partnerships to cover the capital costs of

stormwater infrastructure projects.

−2 −1 0 +1

14. Community-driven approaches to stormwater management will be more effective than

data-driven approaches.

−3 −2 +3 −2

6. Space is a significant limitation to scaling up green infrastructure-type solutions to meet

the magnitude of the problem cost-effectively.

−3 −2 −2 0

Lowest ranked statement for Narrative 1

15. Our stormwater issues are potentially so substantial that larger centralized projects for

handling and capturing stormwater are more effective and cost-efficient than trying to treat

it at thousands of small sources.

−4 −1 0 −4

Distinguishing statements: underlined rankings indicate Z-score is higher or lower than all other narratives at *P < 0.05 and **P < 0.01.

PC 2a: Stormwater Management Is an Essential

Government Service
This narrative (and its inverse, PC2b) captures the tension
between the responsibility of the government and the role
of the community. This narrative is characterized by the
desire for prioritizing funding and moving forward with the
implementation of stormwater management projects, though
not necessarily the USACE project. A summary of notable
statements is provided in Table 5. Many of the ideas prioritized
in this narrative emphasize distributed green infrastructure

solutions alongside prioritizing the need for funding sources
and a collaborative government agency effort for climate change
adaptation strategies. Because the Ala Wai watershed receives
ample rainfall, the suggestion to consider droughts as much as
major storms was generally de-prioritized as a “common sense
practice” rather than a priority issue. Participants who correlated
to this component tended to emphasize the role of stormwater
management as a public service that the government offers and
prioritized other ideas around that central notion. This includes
rethinking land use zoning policies to better integrate stormwater
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TABLE 5 | Summary of notable statements for narrative 2a (PC 2a).

Statement Statement rankings per narrative

1 2a 2b 3

Highest ranked statement for Narrative 2a

24. Develop dedicated, local funding sources for stormwater management, such as

stormwater fees.

−2 +4 −4 +3

Statements ranked higher for Narrative 2a compared to other Narratives

9. Given the chance of a major storm, it is more prudent to spend money now to address

urgent stormwater issues than await potential economic devastation.

−1 +3 −3 +2

5. We need a collaborative agency effort to implement proactive climate change and

sea-level rise adaptation strategies.

0 +3 −1 +3

3. Stormwater planning and services should be better integrated with land-use zoning and

planning.

+1 ±2* 0 0

23. Retrofitting urban areas with distributed solutions like green infrastructure and low impact

development should be encouraged through regulation or incentive programs.

0 +2 +2 +2

2. Green infrastructure is a cost-effective approach to improve water quality and help

communities stretch their infrastructure investments further by providing multiple

environmental, economic, and community benefits.

+2 +2 −1 1

25. Stormwater should be held and used on-site as much as possible. 0 +1 +1 +1

7. Private landowners should be responsible for managing and minimizing stormwater runoff

from their property.

0 0 −1 0

Statements ranked lower for Narrative 2a compared to other Narratives

12. Agencies should actively reach out to and seek input from residents and businesses in

neighborhoods affected by stormwater management projects.

+3 0 +3 +2

13. Restoring Hawaiian cultural water and land practices, such as lo‘i kalo, can help us

address some of our most pressing challenges.

−1 −1 +4 0

18. Resiliency includes promoting opportunities for social cohesion (e.g., opportunities to work

together and build community networks) in watershed projects.

+1 –3* +1 −1

21. Systems built for stormwater should serve the dual purpose for recreation and aquatic

habitat.

+1 –3** +1 +4

Lowest ranked statement for Narrative 2a

19. We should think about droughts as much as major storms. −1 –4** 0 −2

Distinguishing statements: underlined rankings indicate Z-score is higher or lower than all other narratives at *P < 0.05 and **P < 0.01.

management and finding ways to minimize stormwater runoff
in current spaces. Many of the participants comprising this
narrative who did not hold a government position at the time of
the interview either worked closely with the government in their
role or worked in a government position in the past.

Although not clearly reflected in this narrative’s statement
ranking, many of the participants who correlated to this
component expressed the importance of building trust between
the community and government. Several participants referenced
the USACE project as providing a strong lesson in the
need for community involvement in stormwater planning and
management. They suggested that stormwater management
in Honolulu should evolve accordingly. Often, participants
referenced periphery benefits of implementing distributed
solutions to foster trust between government and community
when projects are successful and visible. Some of these projects
have a clear way of bringing in the community as an actor.
For example, one participant referenced “depaving parties” as
an idea that can be adopted in the Ala Wai watershed, where
community organizations can spearhead prioritization efforts to

remove impervious surfaces in highly visible public spaces as a
way to be involved in stormwater management. Such projects can
demonstrate the government’s commitment to action. However,
in this framework of government having a central role, this
narrative stops short of suggesting that stormwater management
projects should promote social cohesion opportunities, such as
projects that include a recreational component.

Similar to narrative 1, this narrative de-prioritizes statement
13 regarding restoring indigenous cultural practices based on the
sentiment that the Ala Wai watershed is too urbanized to address
the “most pressing challenges” of stormwatermanagement. There
was a considerable variation in the prioritization of this statement
among participants and between components because of the
various interpretations spanning from literal to philosophical.
Across the board, no participant fundamentally disagreed with
the concept of the statement. However, those who ranked
this statement lower tended to feel that the statement was
too strongly worded and interpreted the statement literally.
One participant who ranked the statement highly referenced
indigenous infrastructure as “the original public works.”
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TABLE 6 | Summary of notable statements for narrative 2b (PC 2b).

Statement Statement rankings per narrative

1 2a 2b 3

Highest ranked statement for Narrative 2b

13. Restoring Hawaiian cultural water and land practices, such as lo‘i kalo, can help us

address some of our most pressing challenges.

−1 −1 ±4** 0

Statements ranked higher for Narrative 2b compared to other Narrative

12. Agencies should actively reach out to and seek input from residents and businesses in

neighborhoods affected by stormwater management projects.

+3 0 +3 +2

14. Community-driven approaches to stormwater management will be more effective than

data-driven approaches.

−3 −2 ±3** −2

17. We need better parks and public spaces that can also function as flood parks designed to

retain water and reduce flash flooding.

0 +1 +2 +1

23. Retrofitting urban areas with distributed solutions like green infrastructure and low impact

development should be encouraged through regulation or incentive programs.

0 +2 +2 +2

18. Resiliency includes promoting opportunities for social cohesion (e.g., opportunities to work

together and build community networks) in watershed projects.

+1 −3 +1 −1

25. Stormwater should be held and used on-site as much as possible. 0 +1 +1 +1

15. Our stormwater issues are potentially so substantial that larger centralized projects for

handling and capturing stormwater are more effective and cost-efficient than trying to treat

it at thousands of small sources.

−4 −1 0 −4

19. We should think about droughts as much as major storms. −1 −4 0 −2

Statements ranked lower for Narrative 2b compared to other Narratives

3. Stormwater planning and services should be better integrated with land-use zoning and

planning.

+1 +2 0 0

1. Funding operations and maintenance into perpetuity is the most important consideration

when planning any stormwater management project.

+1 0 −1 −1

2. Green infrastructure is a cost-effective approach to improve water quality and help

communities stretch their infrastructure investments further by providing multiple

environmental, economic, and community benefits.

+2 +2 −1 1

5. We need a collaborative agency effort to implement proactive climate change and

sea-level rise adaptation strategies.

0 +3 −1 +3

7. Private landowners should be responsible for managing and minimizing stormwater runoff

from their property.

0 0 −1 0

9. Given the chance of a major storm, it is more prudent to spend money now to address

urgent stormwater issues than await potential economic devastation.

−1 +3 −3 +2

11. We need to value and manage stormwater as a resource rather than a hazard. This means

finding methods to keep and use water in-place as much as possible, rather than building

systems to remove water as quickly as possible.

+3 +1 –3* −1

Lowest ranked statement for Narrative 2b

24. Develop dedicated, local funding sources for stormwater management, such as

stormwater fees.

−2 +4 –4* +3

Distinguishing statements: underlined rankings indicate Z-score is higher or lower than all other narratives at *P < 0.05 and **P < 0.01.

PC 2b: Stormwater Management by and for the

Community
Principal component 2b is the practical inverse of 2a, meaning
this narrative prioritizes many of the ideas that component 2a de-
prioritizes and vice versa. Table 6 shows a summary of notable
statements for narrative 2b. This narrative centers stormwater
management around the community, acknowledging that it is
a public service provided by the government that should be
community-driven. While most participants in this study took
issue with the wording of statement 14, wanting instead to
see community- and data-driven approaches working hand-in-
hand, this narrative prioritizes the concept. The participant who

correlated with this narrative prioritized the statement with the
rationale that the community can help direct and prioritize
what data are critical to understanding the needed approaches.
This narrative also prioritizes distributed and soft infrastructure
solutions, similar to narrative 1, and generally considers social
issues equal to natural systems restoration. For example, the
concern over statement 24 (“Develop dedicated, local funding
sources for stormwater management, such as stormwater fees.”)
stems from the high cost of living in Honolulu and concern
for funding being spent on hard, centralized infrastructure (i.e.,
business as usual). This narrative bears some similarities to
narrative 1 in that these narratives envision a self-sustaining
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TABLE 7 | Summary of notable statements for Narrative 3 (PC 3).

Statement Statement rankings per narrative

1 2a 2b 3

Highest ranked statement for Narrative 3

21. Systems built for stormwater should serve the dual purpose for recreation and aquatic

habitat.

+1 −3 +1 ±4*

Statements ranked higher for Narrative 3 compared to other Narratives

5. We need a collaborative agency effort to implement proactive climate change and

sea-level rise adaptation strategies.

0 +3 −1 +3

23. Retrofitting urban areas with distributed solutions like green infrastructure and low impact

development should be encouraged through regulation or incentive programs.

0 +2 +2 +2

25. Stormwater should be held and used on-site as much as possible. 0 +1 +1 +1

22. Government agencies should seek private-public partnerships to cover the capital costs of

stormwater infrastructure projects.

−2 −1 0 +1

7. Private landowners should be responsible for managing and minimizing stormwater runoff

from their property.

0 0 −1 0

6. Space is a significant limitation to scaling up green infrastructure-type solutions to meet

the magnitude of the problem cost-effectively.

−3 −2 −2 0

Statements ranked lower for Narrative 3 compared to other Narratives

16. The restoration of wetlands and other ecological features throughout the watershed is

critical to successful environmental management.

+4 +1 +2 0

3. Stormwater planning and services should be better integrated with land-use zoning and

planning.

+1 +2 0 0

10. Stormwater capture can contribute to water conservation efforts and increase the

efficiency and productivity of water use.

+2 0 0 −1

1. Funding operations and maintenance into perpetuity is the most important consideration

when planning any stormwater management project.

+1 0 −1 −1

20. Removing impervious surfaces to increase the absorption capacity of the watershed is

among the most basic and effective strategies that can be employed in the urbanized

areas.

+2 0 +1 –2**

8. Entrepreneurship should be encouraged to find technological solutions for some of the

issues faced in the watershed.

−1 −2 −2 −3

4. Moving forward requires identifying one or two pilot areas where innovative solutions to

stormwater management can be prioritized, rather than trying to solve everything all at

once.

−2 −1 −2 −3

Lowest ranked statement for Narrative 3

15. Our stormwater issues are potentially so substantial that larger centralized projects for

handling and capturing stormwater are more effective and cost-efficient than trying to treat

it at thousands of small sources.

−4 −1 0 −4

Distinguishing statements: underlined rankings indicate Z-score is higher or lower than all other narratives at *P < 0.05 and **P < 0.01.

system if stormwater is managed correctly. Although it is
typically better for analysis formore than one variable to correlate
to a principal component, it is not a requirement (Watts and
Stenner, 2005). It may be a limitation of the purposive sampling
that I was not able to interview more participants who might
correlate to this narrative.

PC 3: Stormwater Management as a Collaborative

Effort
This narrative tends to capture a pragmatic approach that
characterizes stormwater management as an issue that requires
collaboration, community contribution, and financing. Similar
to all others, this narrative prioritizes soft, decentralized
infrastructure ideas. However, unlike narratives 1 and 2b, these
participants convey the need for capital financing of projects
through private-public partnerships. Similar to component 2a,

this narrative believes that private landowners should pay
into stormwater management as a public service. However,
opposite component 2a, this narrative prioritizes statement 21
(“Systems built for stormwater should serve the dual purpose for

recreation and aquatic habitat.”) as a means to bring attention

to stormwater issues and create community buy-in on projects.
The participants who correlate to this component emphasized

the need for approaching stormwater management holistically

but tended to view each idea in the context of local politics.

Thus, these participants prioritized based on weighing politics
alongside their perception of the stormwater management needs.

For example, one participant felt that funding operations and

maintenance should ideally not impede moving forward, but
acknowledged that this is a real obstacle to implementing City

projects. Table 7 summarizes the notable statement rankings for
this narrative.
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TABLE 8 | Statements by Z-score variance.

Statement Statement rankings per narrative Z-Score variance

1 2a 2b 3

Statements ranked at or above zero across narratives

25. Stormwater should be held and used on-site as much as possible. 0 +1 +1 +1 0.03**

17. We need better parks and public spaces that can also function as flood parks designed to

retain water and reduce flash flooding.

0 +1 +2 +1 0.093*

23. Retrofitting urban areas with distributed solutions like green infrastructure and low impact

development should be encouraged through regulation or incentive programs.

0 +2 +2 +2 0.155

3. Stormwater planning and services should be better integrated with land-use zoning and

planning.

+1 +2 0 0 0.182

12. Agencies should actively reach out to and seek input from residents and businesses in

neighborhoods affected by stormwater management projects.

+3 0 +3 +2 0.268

16. The restoration of wetlands and other ecological features throughout the watershed is

critical to successful environmental management.

+4 +1 +2 0 0.456

Statements ranked at or below zero across narratives

8. Entrepreneurship should be encouraged to find technological solutions for some of the

issues faced in the watershed.

−1 −2 −2 −3 0.07**

7. Private landowners should be responsible for managing and minimizing stormwater runoff

from their property.

0 0 −1 0 0.1*

4. Moving forward requires identifying one or two pilot areas where innovative solutions to

stormwater management can be prioritized, rather than trying to solve everything all at

once.

−2 −1 −2 −3 0.183

6. Space is a significant limitation to scaling up green infrastructure-type solutions to meet

the magnitude of the problem cost-effectively.

−3 −2 −2 0 0.249

19. We should think about droughts as much as major storms. −1 −4 0 −2 0.707

15. Our stormwater issues are potentially so substantial that larger centralized projects for

handling and capturing stormwater are more effective and cost-efficient than trying to treat

it at thousands of small sources.

−4 −1 0 −4 0.805

** P > 0.01 and * P > 0.05.

The Consensus-Disagreement Spectrum
In this analysis, I found four consensus statements—statements
25, 8, 17, and 7—where the principal component Z-scores are
not significantly distinguishable between any pair of components.
This means that rankings were similar amongst all narrative
groups. The consensus statements include a general agreement
that stormwater should be held and used on-site as much
as possible, that entrepreneurship should not be prioritized
to find technological solutions, that parks and public spaces
should be designed to retain water and reduce flash flooding,
and neutrality (i.e., neither prioritized nor de-prioritized) over
whether private landowners are responsible for minimizing
stormwater runoff from their property. On the other end of the
spectrum, rankings are highly variable between narrative groups
around developing dedicated funding sources for stormwater
management such as stormwater fees, moving forward to spend
money now rather than facing potential economic devastation
from a major storm, and managing stormwater as a resource
rather than a hazard. In particular, statements 11 and 24
regarding developing dedicated funding sources for stormwater
management and valuing stormwater as a resource rather than
a hazard, respectively, are statistically distinct in two or more
narratives (P < 0.05).

Table 8 shows select statements by Z-score variance in
ascending order to show the spectrum of consensus to
disagreement among statements. Statements consistently
prioritized at or above a zero ranking (i.e., neutral) among all
narratives are shown to demonstrate ideas that narrative groups
support. Statements consistently de-prioritized at or below a
zero ranking are also shown. Prioritized statements tend to show
a desire to incorporate stormwater management and distribute
green infrastructure in current spaces through better integration
of stormwater management into built and natural land features.
The nature of the ideas emphasizes the government’s role in
providing stormwater management as a public service alongside
prioritizing agencies actively reaching out to seek input from
affected residents and businesses. De-prioritized statements
tend to show the opposite. Ideas that are de-prioritized include
privatizing the role of stormwater management, approaching the
solution incrementally, and centralized solutions.

DISCUSSION

Comparing Across Narratives
This study shows a coalescence around several ideas related
to stormwater management. First, there is strong agreement
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over the need for green infrastructure-type solutions, showing
a movement away from hard infrastructure characteristic of the
20th century toward softer solutions to stormwater management.
Along similar lines, there is broad agreement that stormwater
management solutions need to be distributed rather than
centralized. Narratives also tended to promote infrastructure
ideas that offer secondary natural systems benefits, such as
water quality improvement or increased infiltration. There
was less tendency toward agreement on infrastructure that
directly provides civic benefits, such as recreational options and
opportunities to create social cohesion. Narratives tended to
suggest better use of space for stormwater management, such as
in parks or through better integration of stormwater planning
with land-use zoning. Overall, there was a general affirmation
of stormwater management as a public service provided
by the government.

Views around stormwater management diverge around
responsibilities, funding, and underlying planning approaches. In
particular, there was a wide extent of opinions regarding what
citizens contribute, whether monetary, labor, or ideas. Generally,
individual labor contribution (e.g., being responsible for runoff
from one’s property) was not a high priority. However, there was
a split in narratives over whether citizen contribution should
be in the form of paying into services or contributing ideas
to the management process. No narratives suggested that the
private sector should have a role in stormwater management.
Participants tended to have a strong negative reaction to the word
“entrepreneurship,” suggesting that they did not see a role for
profit-driven enterprises in stormwater management. The phrase
“private-public partnerships” tended to conjure similar reactions.
One participant suggested that there were toomany bad examples
of private-public partnerships. Along similar lines, there was
no strong hope for technological solutions or innovation to
solve stormwater problems. Narratives tended to focus on either
retrofitting the current system or restoring ecosystem functions.
Fundamental views over long-term planning needs also varied
significantly. There was no strong agreement over whether long-
term needs are infrastructural, institutional, or monetary in
nature. The USACE project shaped many participants’ views on
this front. For example, one participant expressed the perception
that there is money for stormwater management, just not for the
right types of projects. Overall, no strong pattern was revealed
regarding affiliation, which were mixed between all narratives.

Characterizing Competing Views on
Stormwater Governance
Stormwater management and planning are inherently multi-
dimensional, and adding to the dimensionality are the various
views of how stormwater should be governed. Here, I summarize
the spectrum of viewpoints around various aspects of stormwater
governance in a framework to show the dimensionality of the
choice set that are often discussed in the literature and that
participants in this study were grappling with during interviews.
These include competing ideas that regarding how stormwater
should be managed in terms of stormwater infrastructure,
responsibilities, and planning approaches.

Stormwater Infrastructure Approach
Concepts predominantly associated with gray infrastructure
vs. green infrastructure are often viewed as opposing. Figure 2
describes the spectrum of choices in approaching stormwater
infrastructure solutions. Gray infrastructure—also “hard”
infrastructure—is frequently associated with engineered
solutions that control the environment (e.g., canals to drain
the land and convey water, basins to retain water). These
solutions tend to be (or are perceived to be) large, centralized,
and require sizable capital investments (Finewood, 2016). Gray
infrastructure is often the common practice and can also be
embedded in land use laws and proliferated through private
development (Rosenbloom, 2018). Because of the singular
purpose of such infrastructure and the static nature of such
projects once completed, cost-benefit analyses are generally
straightforward to conduct to motivate budgeting (Krieger
and Grubert, 2021). At the same time, gray infrastructure
implementation may result in adverse consequences requiring
mitigation that are not included in standard cost-benefit analyses,
such as water quality mitigation (Allerhand et al., 2009). On the
other hand, various ecologically-oriented engineering tactics
such as green infrastructure and natural functions restoration
focus on reducing runoff while retaining the water’s benefits as
a resource. Green infrastructure—also “soft” infrastructure—
usually includes multiple objectives and focuses on creating
positive ancillary outcomes (e.g., civic space, water quality
improvement). Green infrastructure is frequently associated with
engineered solutions that restore or mimic natural functions
and may include distributed solutions such as low-impact
development, but is often more difficult (or is perceived to be)
difficult to evaluate the cost-effectiveness (Flynn and Davidson,
2016). Because green infrastructure tends to require greater
upkeep and maintenance, it is often associated with greater labor
demand (Dhakal and Chevalier, 2017). The dimensions for gray
and green infrastructure are generalizations and may change
depending on the context of a project.

In major cities built based on 20th-century flood control
principles, the legacy is often that of hard infrastructure, on
which cities must retrofit new solutions. Therefore, achieving
redefined outcomes for stormwater management built on legacy
systems might include a wide array of often competing ideas
to reconcile the concept of a new design with the constraints
of an old system. Transitioning away from infrastructure built
for the sole purpose of flood protection to adaptive, multi-
functional infrastructure is a long-term, multistep process. As
Porse (2013) describes, realistic constraints on the natural and
built environments tend to force actual implementation options
toward the middle or some hybrid combination of options.
As is detailed in the planning approach framework below, I
associate this hybridization of infrastructure with a pragmatic
approach to stormwater planning. Table 9 includes notable
quotes from interviews grappling with concepts around green
vs. gray infrastructure. In this study, I found a tendency in
narratives to favor distributed, soft solutions that achieve positive
outcomes but a lack of strong opinions around resource base.
Municipalities faced with budgetary uncertainties for operations
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FIGURE 2 | A framework to understand the spectrum of choices to approach stormwater infrastructure. Most current infrastructure projects might fall in the middle.

Adapted from Porse (2013).

TABLE 9 | Notable quotes from study participants regarding their ideas about various aspects of stormwater infrastructure.

Quotes related to stormwater infrastructure approaches

◮“We don’t have good data on howmuch the green infrastructure systemsmight actually help. And there’s somuch to be done there in terms of modeling and assessment.

And, so, if you did have decentralized stormwater management through [green infrastructure] what does that really mean in comparison to the status quo plan? How

much does that actually mitigate? Those are the questions I feel like haven’t been answered yet because they’re hard to answer.”

◮“I think the watersheds just so over developed and so densely developed, and the stream are so altered, the natural drainage is beyond repair, with all…the wetland fill

that has taken place.”

◮“…we have needs and opportunities to better manage a lot of the smaller rain events and introduce more green spaces and water management practices around

the city…But on the large scale, I think a lot of that stuff will get blown out and won’t necessarily perform right for the kinds of rain events or storm events that we’re

considering for these larger scale flood mitigation projects. So, I think they’re both correct. But I think they’re also talking about solutions for different needs.”

◮“Regardless of what…geographic scale you’re looking at, there’s always enough space, and there’s plenty (sic) of green infrastructure tools that can be used within that

space.”

◮“The federal government doesn’t really take green infrastructure seriously unless they get the data that shows that it actually works. But how can you get it if you’re not

even willing to invest in getting that data in the first place?”

◮“I put [that] we need to value and manage stormwater as a resource rather than a hazard as the most important statement because, to me, that’s flipping the whole

construct. Right now, it’s treated as a hazard that needs to just be gotten rid of, which I totally get from that perspective, but we’ve seen that it causes so many other

externalities. So, we really do need to be thinking about it in a much more decentralized, kind of, productive way.”

and maintenance may be perceived as being against green
infrastructure even if supportive of other dimensions of the green
infrastructure approach. Therefore, a common understanding
of responsibilities for stormwater management is a critical
foundation to deciding infrastructure approaches.

Responsibilities
Jurisdictional purview may be clearly defined for some aspects

of stormwater management, but not all (Brown, 2005). For

example, water quality parameters in natural water bodies are

regulated by the Clean Water Act, and therefore discharges from
public stormwater conveyance systems require permitting that
can be costly to manage (Allerhand et al., 2009). On the other
hand, non-point source pollution (e.g., landscaping chemicals
or oils and heavy metals from cars) and total runoff are more
challenging to manage because of the dispersed land jurisdictions
from which runoff comes. Figure 3 illustrates the various spectra
of responsibilities over stormwater management. Managing
stormwater can be considered the role of government, the role
of individual landowners where rain falls, or some combination
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FIGURE 3 | A framework to understand aspects of responsibilities over stormwater management.

of both (Arora et al., 2015). Because stormwater management is a
public service, it necessitates some degree of citizen contribution,
which may be monetary, labor, or ideas (Lake, 1996; Syme et al.,
2002; Keeley, 2007). Defining expert roles and the functions
of various expertise for stormwater management is also critical
to understanding responsibilities over stormwater management.
Conflict may arise over differing views of responsibilities,
especially where those roles are not clearly defined. Table 10
includes quotes from interviews regarding ideas around roles
and responsibilities over stormwater management. This study
showed that most narratives consider stormwater management
to be strongly within the government’s responsibility and mixed
thoughts about the role of individuals and the community
in stormwater management. In general, there was no strong
agreement over what citizens contribute to the process, but there
was strong agreement that the private sector should have a
minimal role.

Planning Approach
Dialogue necessarily includes ideas that come from differing

approaches to stormwater management planning (Montanari
et al., 2015). These may include fundamentally different
visions, motivations, and ideas about long-term needs. Planning
viewpoints are often unspoken, although they may bubble to

the surface indirectly in conversations around infrastructure.
Figure 4 shows a range of approaches to planning. A pragmatic
approach to implementation is often the practical default for

projects because of the realities of timelines and budgets.
Pragmatism here represents a pull toward a middle-of-the-road
approach that is often motivated by urgency. Urgency may come
out of some form of necessity (e.g., a shock) or perception
of need (e.g., chronic stressor). As Finewood (2016) discusses,
just as there is a “greening” of gray infrastructure, there can
be a loss in the democratic process of stormwater management
through this middle-of-the-road approach. Therefore, urgency
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TABLE 10 | Notable quotes from study participants regarding their ideas about roles and responsibilities over stormwater management.

Related to stormwater management responsibilities

◮“We have so many thousands and thousands of tiny problems…non-point source pollutions (sic), and…our water systems…[have pipeline] breaks, and sewer main

breaks, and all of that, and y’all haven’t taken care of it as a huge city, as one giant centralized unit of bureaucracy? What makes you think you’re doing it with a larger

centralized project? No. Like, this is not happening.”

◮“With storm water, it’s so easy for it to be an overwhelmingly large issue that the government should be taking care of. And it’s almost like this paradigm shift [is needed

for people to think] ‘if we each do a little bit, we don’t have to do any big projects like for the Ala Wai.’ But everyone has to do a little bit and that’s really hard to get people

to do when you’re not giving them money to do it.”

◮“I think, often, the community just feels like they’re doing it all on their own. And the fees and services that they pay for are the bare minimum and then the government

comes to them asking for advice to check a box. I think ultimately, the sentiment in the community now is that they feel burned and jaded, which is really unfortunate.”

◮“I think one of the main reasons trust has been lost with the community is that they don’t see the federal agencies as understanding Hawai‘i’s unique place-based, not

only environment, but also community structure and priorities. And given the history of big civil engineering projects failing here, and the Ala Wai [canal] is probably the

biggest example of that, I think that seeing this [USACE Flood Risk Management] project come in from what’s perceived as outsiders who don’t understand local area

very well. And then also the fact that it’s just a flood control project that’s perceived to be for the few who are already wealthy, which is Waikiki, but not an environmental

remediation or water quality improvement effort. And then on top of that, that it could potentially be an eminent domain project and endangering people’s homes with

dams and retention basins. I think it was just like a double, triple quadruple Whammy of ‘NO.”’

◮“To me, even though government can be entrepreneurial and innovative, I interpreted this as private entrepreneurship. Which, to me, [stormwater management] feels

like a public function that I wouldn’t want to be pushed into private space.”

◮“Yeah, I’m definitely for stormwater fees, especially for the people that have not been paying their fair share. If we really want to start valuing water as a resource means

[everyone should] start taking equal respect and equal care and equal responsibility for it.”

[Regarding community trust in government] “…it all goes back to some of the basic rules that we learned growing up that if you can act with integrity, then eventually you

can develop that level of trust, but it doesn’t come immediately. It might take years to develop. And it’s not something that is forever because you can do something

that’ll destroy 10 year’s worth of work.”

can take away from radical needed change such asmoving toward
environmental justice or from a holistic vision of ecosystem
function restoration. Innovation or technical solutions can
be considered the contrast of ecosystem function restoration.
Because technological solutions can rarely address sweeping
problems with stormwater, they contribute to an incremental
planning approach. For example, to avoid more difficult
discussions and larger capital investments, installing pump
stations to deal with nuisance flooding from sea-level rise is an
incremental solution using technology to maintain the status
quo. The viewpoints in this study tended to stay away from
innovation and technology as solutions but were wide-ranging
around other aspects of vision and motivation.

Views of long-term needs may also change people’s
foundational planning approach to stormwater management.
This may be a perception that either infrastructure, institutions,
financing or some combination of the three need planning
attention. If planning needs are infrastructural, then the
built environment would be the focus of a planning effort
(Kessler, 2011; Lim and Welty, 2018). Institutional planning
efforts may include measures to enact policies or regulations
around stormwater (Cettner et al., 2013; Kvamsås, 2021).
Monetary needs would shift the focus of planning efforts
toward seeking mechanisms for financing (Kea et al., 2016;
Stormwater Infrastructure Finance Task Force, 2020). These
concepts are not mutually exclusive and can work in tandem.
For example, policies can create funding sources, or regulations
can lead to infrastructure changes. Notable quotes from
participants discussing these concepts are included in Table 11.
In this study, there was a spread of viewpoints around the
long-term needs, and participants tended to acknowledge
the interlinkages between long-term needs. This framework
represents generalities, and viewpoints may map differently in
other contexts.

CONCLUSION

Dialogue is a fundamental means of shaping desired outcomes
in planning. Coming to a common or acceptable understanding
of “desired outcomes” can be challenging when a wide range
of viewpoints exists around an inherently multi-dimensional
problem. This study uses Q-methodology to elucidate specific
narratives within the broader discourse about stormwater
management in relation to a contentious USACE Flood Risk
Management Study. The uprising of the community in response
to the opaque, top-down process used by the USACE Study is
indicative of the cultivation of distrust. When trust between the
government and community is lost, it is both difficult to regain
and conduct good-faith dialogue to find desired outcomes, even
if a project has merit. Q-methodology is a means to understand
individual priorities by asking participants to rank various ideas
according to a structure that forces few ideas to be prioritized
and de-prioritized. The outcome of the Q-method is to interpret
the narratives that comprise the public discourse. Through the
narrative analysis, specific points of agreement and disagreement
can be used to initiate discussion and start rebuilding trust
through dialogue.

This study finds four narratives that describe differing
priorities for stormwater management. The first narrative (PC 1)
describes a strong connection between land stewardship and
stormwater solutions. There is a clear emphasis on restoration of
natural function and green infrastructure in the first narrative,
paired with a strong rejection of centralized solutions. This
narrative also prioritized community involvement in decision-
making as part of holistic water management, with the
belief expressed by participants that successful holistic, natural
functions restoration and community involvement will be a
self-sustaining solution that costs less in the long run. The
second and third narratives are effectively opposite and might
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FIGURE 4 | A framework to understanding various approaches to stormwater planning.

TABLE 11 | Notable quotes from study participants regarding their ideas about stormwater planning approaches.

Quotes related to stormwater planning approaches

◮“I am a huge proponent of community driven approaches. I think they’re severely underrepresented. And I think they aren’t accounted for. And I think they haven’t been

incorporated and that’s why we’re in a lot of our problems that we have (sic). But I think that community driven and data driven [approaches] have to work hand in hand.”

◮“The funding is always a problem. Every department wants that. But then let’s talk about your local funding sources. Sometimes it’s not a lack of money, it’s just a how

the government is spending the money that’s problematic.”

◮“Urban resilience is having a hard time moving forward because there’s this conflict between seeing resilience from an engineering perspective and then seeing resilience

from a socio-ecological perspective, where one focuses on the infrastructure and the other one focuses on governance. And so, you’re having all of these people talk

about resilience, but they’re coming from two different paradigms, usually. What we need to do is try to find ways to integrate them better, but you have to find places

where they integrate naturally. And one of them is green infrastructure. Because you have that mixture of infrastructure with people interacting with it.”

◮“We should be doing these things for the intrinsic value of the ecosystem—and maybe I’m too idealistic—but I don’t think homeowners and regulatory agencies should

have to offer incentives in order for that to happen.”

◮“…the idea of a stormwater utility to incentivize on-site water storage is really important. But probably equally important is simply changing building codes so that people

can’t do some of the things they’re doing right now.”

◮“People think systems-thinking was designed 10 years ago…We’ve got something basically—an ahupua‘a system—[that is] 1000 years old. And the reason why that

system worked is because it was a system, because you knew what happened in your upper watershed affected downstream. And so, literally, indigenous communities

were managing for a systems-approach, and there was a green infrastructure system.”

represent narratives that dominate the news and social media.
The second narrative (PC 2a) affirms stormwater management
as an essential government service and prioritizes financing

mechanisms and integrated management. This narrative also
emphasizes the urgency of taking action while de-emphasizing
the need to explicitly incorporate civic benefits into project
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solutions. In contrast, the third narrative (PC 2b) focuses
on the role of the community in stormwater management
as a major priority. Finally, the fourth narrative (PC 3)
emphasizes collaborative aspects of stormwater management,
including inter-agency collaboration and collaboration between
community and government.

Although the issues surrounding the USACE Flood Risk
Assessment of the Ala Wai Canal can easily be perceived
as polarized (e.g., community vs. government, upstream vs.
downstream, residents vs. tourists) through news reports and
social media, this analysis shows there is much greater nuance
in the discourse. Most participants expressed that there were
very few or no statements to which they were fundamentally
opposed. All four narratives tend to agree that there should
be more distributed soft infrastructure solutions that provide
secondary water management benefits. Community engagement
in projects often revolves around infrastructure solutions.
However, narratives tend to diverge around responsibilities,
funding, and underlying planning approaches rather than
specific infrastructure solutions. In other words, visions of
infrastructure outcomes are not as disparate as they may appear
in public forums, but rather underlying differences in the
“how-to” of infrastructure implementation lead to points of
contention even if they are not part of the conversation. These
differences suggest that more discussion around responsibilities
and planning approaches could alleviate misunderstandings
often misattributed to infrastructural solutions. Notably, there
was no discernable pattern in the participants’ affiliations and the
correlations to narratives, suggesting an optimistic outlook for
dialogue through the proper engagement of the community in
stormwater management.

This work demonstrates a clear need for communication
between the community and decision-makers to find desired
outcomes in stormwater management. Often community
engagement components of project planning processes involve
one-way communication, either to inform the community
about a project or gather information from the community.
To build trust and converge on a common understanding of
stormwater management needs, communication should be a
two-way collaborative learning process. For example, in the

case of financing, this study, found no clear consensus from
where resources should come. On the one hand, there is a broad
understanding of stormwater management as a public service for
which resources are necessary. However, mistrust in government
to effectively provide stormwater management services often
drives taxpayers to reject opportunities to support financing and
budgeting for stormwater services. The competition of ideas in
this case study regarding stormwater infrastructure, stormwater
management roles and responsibilities, and stormwater planning
approaches echo sentiments found in other municipalities
where communities are increasingly vested in stormwater
management outcomes.
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