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ABSTRACT

Clean water is a significant challenge for the sustainability of expanding cities worldwide. The United Nations
recognizes the importance of urban green space to improve sustainability and has proposed Sustainable
Development Goals to be achieved by 2030. Political jurisdictions have their own sustainability goals and are
instituting various policies to achieve them, but struggle to do so due to underlying socio-cultural, environ-
mental, economic/financial, and other challenges. Utilizing a Community Based Participatory Research approach
involving multi-stakeholders and transition management theory to frame different spheres of governance, this
multi-disciplinary study aims to understand best management practices, sense of perceived responsibility, bar-
riers, and future of Green Infrastructure (GI) in two Chesapeake Bay watersheds. We analyzed data from 42 in-
depth interviews as well as GI policies. We identified five categories of perceived barriers, socio-cultural being
the dominant category. More meaningful outreach activities are needed to build trust with residents, which can
be achieved through modern channels of communications including smartphone applications and social media.
This trust will increase the GI adoption rates and improve water quality in the USA and elsewhere. This can be

achieved through an integrated governance approach.

1. Introduction

Globally, clean water is a significant challenge for expanding cities
and their sustainability. The United Nations (UN) recognizes the
importance of urban green space and has set several Sustainable
Development Goals (SDG- 6 for clean water, and 11 for sustainable
cities; SDG Sustainable Development Goals, 2020) to be achieved by
2030. Countries, states, cities, and local municipalities have their own
sustainability goals and have been working to achieve them through
various environmental policies (United Nations Educational, Scientific
and Cultural Organization-UNESCO, 2018). However, environmental
policies have been partially unsuccessful in changing behavior and
bringing about societal transformations, and there are often conflicts

between short-term policy goals and the long-term changes needed for
sustainability (Rotmans and Kemp, 2003). Social acceptance and soci-
etal transitions are of paramount importance to achieve those goals
(Dhakal and Chevalier, 2017). Since its introduction, the concept of
societal transitions has evolved to become a highly multi-disciplinary
field. The field is becoming increasingly global and covers a broad
range of sectors, domains, and societal issues (Geels, 2005;
Carballo-Penela and Castroman-Diz, 2015; Loorback et al., 2017).

A broad appreciation of sustainability involves an integrated
assessment of the ecological, social, and technological domains (Chaf-
fin, et al., 2016; Dhakal and Chevalier, 2016; Chini et al., 2017; Ureta
et al., 2021, Rendon et al., 2021). Urban watersheds are ideal models to
explore environment-human interactions in achieving sustainability
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goals, which have the potential to provide a significant contribution to
the empirical and theoretical body of knowledge in the field. Watersheds
are inherent to every region, have direct and indirect, immediate and
defuse impacts on human well-being, and have a strong influence on
human behavior (Kates et al., 2001; Hester and Little, 2013; Coutts and
Hahn, 2015). Urban green space and water governance is changing its
composition to include municipalities, water utilities, private enter-
prises, community cooperatives, and individual households along with
the call for in-depth case studies (De Haan et al., 2015; Liu and Russo,
2021).

1.1. Green infrastructure, best management practices, urban water
regulations, and related challenges in the United States of America (USA)

Green Infrastructure can broadly be defined as green space that
promotes access to recreational space, can preserve biodiversity, and
leverages continuity of ecosystem processes and functions of ecological
systems to regulate and manage technical problems like stormwater
quality and quantity, as well as urban heat island effect (Tzoulas et al.,
2007; Roy et al, 2008; BenDor et al., 2018; Balany et al., 2020). Urban
stormwater Best Management Practices (BMPs) refer to a set of tech-
nologies and cover different types of practices such as: residential scale-
rain garden, rain barrel, etc.; right-of-the way or public large-scale-
bio-swales, stream restorations, etc.; and public engagement and edu-
cation through outreach activities (Anderson et al., 2014; Lovell and
Taylor, 2013; Liu et al., 2017; Kim, 2018; Environmental Protection
Agency (EPA) 2020). This paper considers the systems of the BMPs and
practices to manage stormwater as GI and uses the terminologies- GI
BMPs, GI, and stormwater management- interchangeably.

In the USA, the Clean Water Act (CWA), Total Maximum Daily Load
(TMDL) limits, and Municipal Separate Storm Sewer System (MS4)
permit requirements have largely driven local government policies/ac-
tions to improve the water quality (Environmental Protection Agency
(EPA) 2020). Introduced in 1972, the CWA is one of the USA’s first and
most influential modern environmental laws governing water pollution.
Its objective is to restore and maintain the chemical, physical, and
biological integrity of the nation’s waters. A TMDL is the calculation of
the maximum amount of a pollutant allowed to enter a waterbody so
that the waterbody will meet water quality standards for that pollutant
(Environmental Protection Agency (EPA) 2020). States are responsible
for developing TMDLs and approval from the EPA. An MS4 is defined as
“a system of conveyances (including roads with drainage systems,
municipal streets, catch basins, curbs, gutters, ditches, man-made
channels, or storm drains)” that is (1) designed or used for collecting
or conveying stormwater and (2) is owned or operated by a city, county,
or other governmental entities to discharge stormwater collected by
their storm sewer systems to waters of the USA (Maryland Department of
Environment, 2020). As per the EPA requirements, to satisfy minimum
control measure, the operator of a regulated MS4 needs to implement six
measures: public education and outreach in determining the appropriate
BMPs, public participation, illicit discharge detection and elimination,
construction site runoff control, post-construction runoff control, and
good housekeeping (EPA, 2020).

Non-point source pollution is arguably the greatest environmental
issue facing the Chesapeake Bay area, Maryland, and most of America’s
impaired watersheds (Millennium Ecosystem Assessment Board, 2005).
Community related watershed concerns tend to differ from regulatory
requirements, which are more technical in nature rather than inclusive
of community needs. Every community has their unique characteristics,
whereas regulatory requirements tend to use one-fit-for-all top-down
approach (Huang et al., 2020). The cost and difficulty of achieving
ambitious water quality standards for urban areas may be understood by
program managers, but not by the public, hence undermining residents’
support and involvement (NAP, 2019). Multiple legislative approaches
’ o T ’ ~egulate, and govern urban stormwater

ted effectiveness due to lack of
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incorporating social dimensions into planning and decision-making
(Copeland, 2016; Schifman et al., 2018). Multiple studies have sug-
gested a critical need to better encourage and incorporate community
perceptions, cultural and social values, education, and participation into
stormwater management approaches (Soderberg and Aberg, 2002;
Nassauer et al., 2009; Cettner et al. 2014; NAP, 2019). Despite decades
of outreach and education, urban residents’ knowledge of watershed
boundaries and connections and the influence of specific activities on
watershed health remains poor (Chanse et al, 2017; Maeda et al., 2018;
Rickenbacker et al., 2019).

1.2. Our study approach and objectives

Given the complexities around urban stormwater management and
GI, we assembled a multi-disciplinary team of researchers consisting of
social scientist, water engineer, environmentalist, landscape architect,
extension specialist, bioengineer, and public health expert for a holistic
understanding of the issues. We followed a Community-Based Partici-
patory Research approach (CBPR-Corburn, 2005; Srinivasan and Coll-
man, 2005; Rickenbacker et al., 2019; Rendon et al., 2021), to involve
multi-stakeholders since the inception of our project. The CBPR
approach is a robust method, which deliberately involves community
members and other stakeholders from the beginning and keeps them
involved throughout the project to build partnership and trust. Other
methods such as survey, structured interviews, and hypothesis-driven
research, are mostly top-down approaches and are inadequate in un-
derstanding stakeholders’ perspectives (Rickenbacker et al., 2019;
Rendon et al., 2021). In this study we partnered with local community
members, nonprofit organizations, government officials, and other GI
experts in the region. We chose a dual/contrasting case study approach
utilizing CBPR to achieve more powerful and meaningful analytic con-
clusions (Yin, 2014). Our study objectives were:

1 In-depth understanding of the underlying issues in water governance
that facilitate or inhibit the implementation of GI BMPs in our two
study watersheds with varying jurisdictional, physical, and socio-
economic characteristics.

2 To understand the existing knowledge and perceptions of the GI
BMPs across diverse stakeholder groups in terms of sense of re-
sponsibility, barriers, community educational outreach activities,
and the future.

3 To provide policy suggestions based on our study results to increase
GI BMPs adoptions, which would contribute to improved water
quality in the Chesapeake Bay area.

1.3. Chesapeake Bay area focus and theoretical framework

The Baltimore-Washington Metropolitan area is the most populous
urban area in the Chesapeake Bay watershed, with over 9 million resi-
dents spread across diverse socio-economic and environmental condi-
tions (Appendix A). Since 1972, following the CWA, considerable
research, data collection, and planning have been undertaken in the
Chesapeake Bay area to improve water quality, yet it remains plagued by
stressors, poor water quality, and hypoxic “dead zones” (Reckhow et al.,
2011; Chesapeake EcoCheck, 2013). There is a critical need for partic-
ipatory bottom-up approaches to achieve sustainability goals (Mayer
et al., 2012; Dernoga et al., 2015). These participatory approaches can
be achieved through transition management governance. These gover-
nance processes have been designed to facilitate short-term innovation
and develop long-term sustainability visions based on desired societal
transitions (Loorbach and Rotmans, 2006; Van der Brugge, 2009).
Loorback (2010) lists four different types of governance activities
(spheres) that are relevant to societal transitions towards attaining
sustainability goals: strategic, tactical, operational, and reflexive. In this
paper, we use Loorback’s (2010) schema as follows:
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(a) Strategic: The strategic sphere involves activities related to
processes of vision development, strategic discussions, long-term
goal formulation, collective goal and norm setting. We discuss the
existing regulations, requirements, policies, programs, goals, and
visions related to GI BMPs adoption in our study watersheds
under this sphere.

(b) Tactical: In the tactical sphere, steering activities that are in-
terest driven and related to the dominant structures of a societal
(sub) system are identified. This includes all stakeholders that are
developing programs, financial and institutional regulations and
frameworks, infrastructure, and routines, organizing networks
and coalitions. Under the tactical sphere, we discuss:

(i) how stakeholders from diverse agencies/organizations work
together to achieve the sustainability goals set by local and
national governments and,

(ii) popular GI BMPs that people adopt.

(c) Operational: As operational activities, experiments and actions
are identified that are short-term and are often carried out in the
context of innovation projects and programs and are generally
referred to as “innovation”. Under the operational sphere, we
discuss:

(i) the best ways to manage stormwater as perceived by the
stakeholders, and

(ii) how stakeholders perceive their responsibility towards
achieving sustainability goals.

(d) Reflexive: Reflexive activities relate to monitoring, assessments
and evaluation of ongoing policies, and ongoing societal change.
Reflexive activities are related to all three spheres mentioned
above in this section. We evaluate:

(i) barriers to the GI BMPs adoptions, and

(ii) community educational outreach activities and related
challenges under the reflexive sphere.
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Both watersheds consist predominantly of residential areas and have
majority African American populations but differ in other socio-
economic and physical characteristics (Table 1).

Watershed 263 has a higher population density and proportion of
built areas than Watts Branch, as measured by high percent of imper-
vious surface. It has lower median household incomes, education
attainment, and a substantially higher proportion of vacancy parcels as
compared to Watts Branch (Table 1). The sanitary and sewer systems in
Watts Branch and Watershed 263 are a combined system and a separate
system, respectively.

2.2. Data collection

2.2.1. Sampling
Utilizing a CBPR approach, our multi-disciplinary team formed a

Community Advisory Board consisting of residents and GI professionals
from local nonprofit organizations, government organizations, and
University of Maryland Extension (UME), to gain stakeholders’ per-
spectives before the start of the project. The Board also advised us
throughout our project. We then partnered with the local watershed
organizations to identify potential respondents in our two study water-
sheds. We used a purposive sampling method to recruit respondents who
were considered highly knowledgeable about GI and stormwater sys-
tems. In total, we recruited 22 professionals consisting of government
officials, university researchers, GI experts with nonprofit organizations,

Table 1

Physical and socio-economic characteristics of Watershed 263, Baltimore,
Maryland and Watts Branch, Prince George’s County, Maryland and Washing-
ton, District of Columbia (Source: www.census.gov; 5-year estimated, 2014-18).

Watershed names

Watershed Watts
263 Branch
2. Methodology
Physical characteristics
Size (km?) 2.86 6.46
2.1. The smdy watersheds Percent residential land use 92.10% 64.65%
Percent impervious surface 65% 33%
Our study focused on two Chesapeake Bay watersheds within the Socio-economic characteristics
. . . . . 2.
Baltimore-Washington Metropolitan area: Watershed 263 and Watts Population density (km) 17,450 12,342
. . R . . ces - i 7179 o
Branch with diverse socio-economic and environmental conditions Percent 10-yr p‘?pmam,m Cha'nge_ . 7.17% 14.04%
X . A . Percent population African American ethnicity 73.85% 90.44%
(Appendix A). Watershed 263 is part of the governance of Baltimore !-Slty, Median household income 27181 46,260
Maryland whereas Watts Branch falls under two governances-Prince Percent of residents with a college degree or 12.79% 14.51%
George’s (PG) County, Maryland and Washington, District of higher
Columbia (DC) (Fig. 1). Percent of vacant lots 36.95% 10.61%
N ! N
Watts Branch Watershed A Watershed 263 A
Prince George's AR_\\'
County J
Baltimore City 1
} L
L
¢
Maryland A ﬁ - 5
: ¢
Washington,
b.c. > i“*—-‘
\ pre——— " Ci:
. Y
gl
= 3 W
1] 25 100 3 a 0s 1 2
—:—Km — S— T — S—

1. Geographic Location of Watershed 263, Baltimore and Watts Branch, Washington, DC.
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funding agency officials, policy makers, and environmental activists,
split evenly between each watershed. We recruited a total of 20 resi-
dents, also split evenly between each watershed. In our study, we had
respondents affiliated with about 33 different institutions/organizations
in the Chesapeake Bay area. Besides interviews, we also extensively
gathered information on Gl-related visions, goals, policies, and pro-
grams from the websites of different government agencies and nonprofit
organizations.

2.2.2. Interview process

In-depth interviews with open-ended questions are a primary
method of data collection in qualitative research (Legard et al., 2003).
Open-ended questions allow participants to “capture how those being
interviewed view their world, to learn their terminology and judgments,
and to capture the complexities of their individual perceptions and ex-
periences” (Patton, 2002). For the interviews, we guided the re-
spondents with several open-ended questions designed to capture the
dynamics of the four transition managements spheres. Some questions
included: How has the residential stormwater been managed in your
area? Who or what entity is responsible for managing stormwater in
your area? How do you manage stormwater on your own property?
What is the best way to manage residential stormwater? Do you see any
barriers to stormwater management/GI adoptions? What are some so-
lutions to address those barriers? What is the future of GI/stormwater
management? Detailed discussions followed with several follow-up
questions. Interviews were conducted between March and November
of 2019 with University of Maryland’s Institutional Review Board (IRB)
approval. Most of the interviews lasted between 45 minutes to 1.5 hours,
were audiotaped and later transcribed. The transcripts were coded and
all the identifying information were removed.

2.3. Data analyses

Coded interview transcripts were analyzed using both qualitative
thematic analysis as well as quantitative analysis. Thematic analysis is “a
method for identifying themes and patterns of measuring across a
dataset in relation to a research question”, which can be applied across
theoretical approaches (Braun and Clarke, 2013). It has a broad scope
and may be used in analyzing social and cultural phenomena in addition
to subjective human experiences (Guest et al., 2012). We thoroughly
read each of the 42 interview transcripts and sorted the qualitative data
into a total of six themes under 4 governance spheres of Loorback’s
schema: (i) Perceived BMPs, (ii) Popular BMPs in use, (iii) Perceived
sense of responsibilities, (iv) Barriers to GI BMPs adoptions, (v) Com-
munity educational outreach activities and related challenges, and (vi)
Future of GI. After sorting, each theme yielded more than hundred pages
of transcripts. Within these themes, responses were coded further into
different categories of transition management to generate meaningful
inferences on research questions. These analyses are represented with
quotes and tables in the results section. For better representation of data,
in this paper we have combined all the professionals into one
category-GI professionals. To compare, we have divided our stake-
holders into four groups (residents and professionals for two water-
sheds): Baltimore Residents (BR), Watts Branch Residents (WBR),
Baltimore GI Professionals (BGIP), and Watts Branch GI Professionals
(WBGIP). For ease in data interpretation and graphical representation,
mosaic plots were developed for different categories of responses for
each theme using JMP statistical software (JMP version 14, SAS Institute
Inc., Cary, NC). Further, the information on visions, policies, and pro-
grams obtained from the websites were analyzed and listed in tables.

3. Results and discussion
In this section we discuss four strategic governance spheres (stra-

* veflexive), and the future of GI as pre-
“eir proposed solutions to achieve
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sustainability goals.

3.1. Strategic sphere: the goals, policies, and programs related to GI in our
study watersheds

The Strategic sphere in Loorback’s (2010) schema includes how
different agencies/organizations, and individuals strategize varying
planning, activities, policies, and programs to achieve the sustainability
goals. The GI dimensions of the sustainability goal for Baltimore and
Watts Branch are shaped by the broader CWA, TMDL limits, and MS4
permits [National Research Council (NRC) 2009]. So, the vision and
activities surrounding formulating and achieving GI BMPs adoption
goals have been shaping since the past 50 years. Here, we describe
existing goals, policies, programs, and future plans in our study
watersheds.

Baltimore’s Nature in the City chapter of its 2019 Baltimore Sus-
tainability Plan highlights the role of strategic approaches to trans-
forming vacant lots into community green spaces to manage its
stormwater, specifically, “the installations of GI that is well-maintained
and can address economic, social, and environmental challenges by
increasing both green space and job opportunities” (Baltimore Office of
Sustainability, 2019). Baltimore City has taken several steps to incor-
porate GI into its planning and implementation to manage urban
stormwater runoff. These steps include a revised stormwater manage-
ment ordinance that emphasizes on-site stormwater treatment, plans to
replace 20% of its impervious surfaces, approximately 4,291 acres with
conservation landscaping (Baltimore Office of Sustainability, 2019).

Watts Branch straddles two jurisdictions PG County, Maryland, and
Washington, DC, making regulating and managing stormwater quantity
and quality particularly challenging. In 2014, it was estimated that PG
County’s MS4 permits would have required retrofitting 2,000 imper-
vious acres with GI, a figure that could potentially have expanded to
15,000 acres of untreated impervious area by 2025 (The Clean Water
Partnership, 2020). Due to the prohibitive projected cost of complying
with the MS4 permit, PG County recently partnered with a private
company, Corvias, in a community based public private partnership
(The Clean Water Partnership, 2020) to address the magnitude of MS4
stormwater management requirements. As part of the policy re-
quirements and municipalities mandates, PG County is implementing
educational and incentive programs for public properties, right of the
way properties, and residential private properties (since the county
consists mainly of privately-owned residential land, hence are critical).
Table 2 lists the existing stormwater management policies, programs,
and agencies in both the study watersheds.

As per Loorback’s (2010) strategic sphere, we found that strategic
activities to achieve sustainability goals set by local and national gov-
ernments, were largely driven and shaped by the CWA, MS4 permit and
TMDL requirements, in both Watershed 263 and Watts Branch.
Although the Water Infrastructure Improvement Act (WIIA) became a
law in 2019, the effects have not been realized yet in the USA (US
Congress, 2019). Different government agencies such as Dept. of Public
Works (DPW), Dept. of Transportation (DOT), EPA, and nonprofit or-
ganizations such as Blue Water Baltimore (BWB), Parks and People
Foundation (PPF), Anacostia Watershed Society (AWS), Washington
Parks and People (WPP), Urban Ecosystem Restoration (UER), and
Chesapeake Bay Trust (CBT), have been partnering with each other and
the residents through several programs. To make implementation more
affordable for residents, PG County and Dept. of Energy and Environ-
ment, Washington, DC (DOEE) each offer rebate programs namely,
(Rain Check Rebate, 2019) and RiverSmart Home, respectively. There
are currently no rebate programs offered in Watershed 263, but the
Baltimore City DPW provided credit on the stormwater fees for residents
if they installed and maintained BMPs and volunteered for hands-on
activities (DPW, 2020). Data comparing our two study watersheds had
similar results on other parameters, hence we conclude that rebate
programs probably had no bearing on the GI adoptions among residents.
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Table 2

Stormwater management policies, programs, and agencies in Watershed 263,
Baltimore, Maryland and Watts Branch, Prince George’s County, Maryland and

Washington, District of Columbia.

Watershed 263 Watts Branch Common in both
Jurisdiction Baltimore City PG County,
Maryland, and
Washington, DC
Policy Sustainability Plan  Sustainable DC Clean Water Act,
2.0 Plan, Clean MS4 permit,
Water Partnership ~ TMDL
requirements,
Tree Canopy,
Stormwater Fee,
Water
Infrastructure
Improvement Act
2019
Government Baltimore City PG County, EPA, USA Army
agencies Dept. of Public Washington, DC, Corps of
Works, Dept. of Metropolitan Engineers, US
Transportation Council of Dept. Agricul.
Governments,
Dept. of Defense,
Dept. of Energy
and Environ., DC
Water
Government Credit on RainCheck
rebate stormwater fee Rebate,
programs RiverSmart
Homes
Nonprofit Blue Water Anacostia Chesapeake Bay
organizations Baltimore, Civic Watershed Trust, Interfaith
and their Works, Flowering Society, Anacostia Partners of the
programs Tree Trails, Living Riverkeeper, Alice  Chesapeake,
Classrooms, Ferguson, Alliance  Nature
Strength to Love, for Chesapeake Conservancy,

Parks and People
Foundation, Tree
Baltimore,
Baltimore Urban
Waters

Bay, Audubon
Naturalist Society,
Casey Trees,
Groundwork
Anacostia,

Sierra Club, Urban
Waters
Partnerships

Washington Parks
and People, Urban
Ecosystem
Restoration,
Watershed
Stewards
Academy

Analyzing the exact effect of rebate programs was beyond the scope of
this research. But some of the residents mentioned about not availing
incentives where available because of the administrative huddles. Ac-
cording to a Watts Branch resident:

In terms of paperwork, you have to put down like $5,000 first, they
did reimburse us but it was kind of hard. They did not make it easy
and spending time on that is like a full-time job.

3.2. Tactical sphere: how stakeholders in different agencies/organizations
work concertedly

In this section we discuss: (3.2.1) how stakeholders from diverse
agencies/organizations work together to achieve the sustainability goals
set by local and national governments and, (3.2.2) popular GI BMPs that
residents adopt.

3.2.1. Concerted efforts by different agencies/organizations/individuals
Along with different government agencies and nonprofit organiza-
tions’ programs, there were several environmentally conscious residents
o s T * heen involved with GI installations on
‘ug any offered incentives. They not
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only installed GI on their own properties, but helped their neighbors,
and served as the point of contact for the government agencies and
nonprofit organizations who were interested in program expansion for
communities. In Watershed 263, for example, Adopt-a-lot programs are
run by community members. Baltimore Tool Bank is another example of
a nonprofit organization, which is committed to provide tools and sites
to the community for educational purposes. As Table 2 lists, nonprofit
organizations such as PPF, Tree Baltimore, faith-based organization such
as Interfaith Partners for the Chesapeake; government agencies such as
DPW and DOT were all involved in the achievement of sustainability
goals. Additionally, several universities were also involved with broader
research and extension activities such as University of Maryland,
Georgetown University, Baltimore Ecosystem Study, Johns Hopkins
University, and others. Similarly, Watts Branch had several early
adopters of GI and they also have an amalgamation of several nonprofit
organizations and government agencies promoting GI adoptions. For
example, Friends of Quincy Run, and Equity Advisory Group, are some
grassroots community service organizations; nonprofit organizations
such as AWS, Sierra Club, Anacostia Riverkeeper, UER, WPP; govern-
ment agencies such as DOEE, DOT, ANC commissioners, PG Department
of Environment, and Metropolitan Washington Council of Governments
(MWCOG), have all been offering different programs related to GI
adoptions in Watts Branch (Chesapeake Bay Partners 2020).

3.2.2. Popular GI BMPs that people adopt

Since all the respondents in our study were involved with GI-related
activities, they were asked to describe the way they manage stormwater
on their own properties or have been involved with around them. We
qualitatively analyzed the BMPs listed by the respondents and sorted
those into five broad categories: outreach, residential scale properties,
clean-up activities, large scale practices, and property-dependent. The
outreach category lists the public engagement activities conducted by
different agencies; the residential scale BMPs were practices installed on
private properties such as rain barrels/cisterns, rain gardens; clean-up
activities were practices preventing pollutants from entering the water
body and focused more on particular neighborhoods such as trash and
litter clean up; large scale practices were on the public and right of way
properties such as curve bump outs, bioswales, stream restorations; and
in the property-dependent category respondents mentioned that the
BMPs change according to the property type. Appendix B list specific
examples of BMPs that were reported under each category.

As Fig. 2 indicates, out of total 115 (n) BMPs, residential scale BMPs
(69) were the most common ones followed by large scale (20), outreach
(14), and clean-up BMPs (7) with 5 saying they did not manage storm-
water. However, the Baltimore GI professionals (BGIP) did not mention
about clean-up activities as a BMP compared to the residents (BR) of the
same watershed. This could possibly be due to predominantly residential
properties in Baltimore and more involvement of residents in clean-up
activities than the professionals. Outreach activities were popular
among Watts Branch GI professionals and residents, whereas the Balti-
more residents did not consider outreach as one of the BMPs and
frequently complained about the inadequate outreach activities by the
government agencies. Under the tactical sphere, we found that steering
activities around achieving sustainability goals were carried out by
several stakeholders that were developing programs, financial and
institutional regulations and frameworks, infrastructure, and routines,
organizing networks and coalitions. They included government
agencies, nonprofit organizations, and individuals in both study water-
sheds. We found several agencies partnering with the residents to
implement programs and residents adopting different types of BMPs,
residential scale being the dominant category across all stakeholder
groups.

3.3. Operational sphere: activities, experiments, and actions

This section discusses activities related to GI installations in both of
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our study watersheds. We discuss: (3.3.1) the best ways to manage
stormwater as perceived by the stakeholders, and (3.3.2) how stake-
holders perceive their responsibility towards achieving the sustainabil-
ity goals set by local and national governments.

3.3.1. Best ways to manage stormwater

There are different ways that stormwater can be best managed, yet
increased efforts by governments to implement BMPs is evidence that
they have not been sufficiently managed to meet sustainability goals so
far. Thus, it is important to know more about what the respondents
consider are the best ways. All 42 respondents were asked to discuss on
the best ways to manage stormwater. Forty-one (41) respondents dis-
cussed a total of 178 individual practices (one respondent saying, “I
don’t know”) to manage stormwater. We sorted these responses into 5
broad categories of BMPs defined under Section 3.2.2 and qualitatively
analyzed them (Appendix B). Out of the 178 (n) practices, 77 were
residential scale, 42 large scale, 40 outreach, 12 clean-up activities, and
7 property-dependent practices.

Below are a few quotes from the stakeholder groups to illustrate the
types of responses.

One of the long time Baltimore residents said about existing
programs:

“You have places where everything’s a row home, which is gonna
[going to] be different than individual houses with large lawns......
Tool Bank have done an amazing job they have built a rain barrel
from where they pop out into watering beds where they grow herbs
and stuff ......... And the city is doing a good job of trying to get a lot
out of the Adopt-a-lot.”

Another Baltimore resident emphasized on educating people:

“So I think one of the best ways to manage stormwater is to educate
people about what they can do on almost any size footprint of land
that they have.”

According to an official of a prominent environmental agency in
Washington, DC:

“There’s so many different types of housing in DC, that they all have
their own unique issues that we have to focus on. Which is why we
can’t say every house can get all types of projects. Trees is number
one, and rain barrels are close second. And then, it would be the
landscaping projects. Permeable pavement is a bit more difficult, it’s
very specific, it’s very expensive, so it’s not as popular.”

Our analyses indicated that residential scale BMPs were most com-
'der groups followed by large scale,

.3 rge scale practices

_ Gl acies
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Fig. 2. Popular BMPs-Mosaic plot showing the proportion
of responses sorted into different categories among four
stakeholder groups: Baltimore Residents (BR), Watts
Branch Residents (WBR). Baltimore GI Professionals
(BGIP), and Watts Branch GI Professionals (WBGIP). The
length of each rectangle (y-axis) represents the proportion
of responses for each category (residential scale practices
(sea-green), large scale practices (lime green), outreach
(orange), clean-up activities (red), no response/no man-
agement (blue) within each stakeholder group. The width
of each rectangle (x-axis) is proportional to the number of
responses for each stakeholder group. Overall proportions
of responses in each category for all stakeholder groups
combined together are shown on the right.

outreach, clean-up, and property-dependent practices. We did not
observe any significant differences across the stakeholder groups. This
once again proves our earlier conclusion that both the study watersheds
have majority of privately owned properties.

3.3.2. Perceived sense of responsibilities among the stakeholders

Since a majority of the properties in both the study watersheds were
privately-owned, it was imperative to know who respondents considered
was responsible for achieving the green sustainability goals. The ma-
jority of the Baltimore GI Professionals (19.05%) thought that the gov-
ernment agencies (city, county, state) are responsible for managing
stormwater, whereas majority of the Baltimore Residents said that both
residents/individual organizations such as church (11.90%), as well as
collective action/partnership/everybody (9.52%) are responsible for
stormwater management (Fig. 3). Only 4.76% of GI professionals in each
watershed thought that the responsibility depends upon the type of
property-whether it is public or private. Below are a few quotes from
interviews.

One of the Baltimore residents emphasized on the responsibility of
the property owners:

“The property owners, each and every one, which there’s thousands
of them. So they all have dramatically changed the landscape in their
own way by putting in a house and living under a roof where there
used to be probably forests and meadows, undeveloped property.”

One of the long time Watts Branch residents discussed about the
government agency’s responsibility in the stormwater management. To
quote:

“In the district [DC], Department of the Environment, for us locally,
then of course the Department of Energy and then that goes up to
Department of the Interior. And so, from the local to the federal, we
start moving up the agency chain. Yeah, but for us locally we look to
the DC department on the environment (DOEE).”

As per Loorback’s operational sphere, to achieve the sustainability
goals, it is important to make a concerted effort involving all the
stakeholders to promote more residential scale GI BMPs adoptions. One
should identify short-term projects that are often carried out in the
context of innovation programs, and everyone should take re-
sponsibilities for the program’s success. The residential scale BMPs
dominated the list in both the study watersheds but, there is still a
substantial need remaining for more people to adopt BMPs. Our study
results suggest that GI professionals in both watersheds identified the
government agencies as responsible for stormwater management,
whereas the residents sided with government agencies along with in-
dividual and collective action, Watershed 263 residents giving more
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Fig. 3. Perception of Stormwater Management Responsibility - The percentage of different stakeholders (n=42) perceiving who/what entity is responsible for
stormwater management (e.g., government agencies, residents, etc.). The stakeholders are Baltimore Residents (BR), Watts Branch Residents (WBR), Baltimore GI

Professionals (BGIP), and Watts Branch GI Professionals (WBGIP).

importance to the latter. Our data suggested that stakeholders do realize
their respective responsibilities and admitted that the responsibility lies
both with the government as well as individual residents.

3.4. Reflexive sphere: evaluation of barriers to GI BMPs adoptions and
community outreach

This section analyzes the stakeholder responses on the (3.4.1) bar-
riers to the GI BMPs adoptions, and (3.4.2) community educational
outreach activities and related challenges.

3.4.1. Barriers to GI BMPs adoptions

During the interviews, the respondents were asked to discuss about
the factors that are perceived as barriers for GI BMPs adoptions. In many
instances, the respondents revisited the question several times and listed
different types of barriers. We carried out a qualitative analysis and
sorted a total of 166 (n) barriers into six categories namely, socio-
cultural, institutional, economic/financial, maintenance, environ-
mental, and technological barriers. These categories resulted from our
thematic analysis. As Fig. 4 indicates, socio-cultural barriers (65) proved
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to be the dominant barrier, followed by institutional (40), economic/
financial (24), maintenance (19), environmental (9), and technological
barriers (9). We did not find many differences across the stakeholder
groups on each category except for Watts Branch residents not
mentioning about environmental barriers at all.

Appendix C expands further on each type of barrier listing the
qualitative responses. Under socio-cultural barriers, lack of education
and awareness, conflicting messaging, environmental issues not being a
priority among people, growing geriatric community, mistrust with the
system, vacant lots, crime and illegal dumping, disconnect between
public agencies and people, not involving locals, people resisting
change, etc. were discussed. As mentioned, both the study watersheds
had varying physical and socio-economic characteristics, as well as
several social issues such as crime, vacant lots, growing geriatric com-
munity, etc. Hence, it was not surprising to see these barriers arising in
our study results. Institutional barriers included responses such as lack
of governmental support, delay in getting permits, top-down approach
of the city government, ineffective community engagement, etc. It was
surprising that respondents across all the stakeholder groups discussed
about institutional barriers, which further indicates that the government
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agencies have already identified the institutional barriers and should
devise strategies to address those. Economic/financial barriers included
expensive water bills, lack of funding, financial burden on residents,
paying stormwater fee, etc. For example, the stormwater fee for a reg-
ular single-family home in Baltimore city was $10 (DPW, 2019), $2.67
in Washington, DC, and $3.45 in PG County per month. So, people
referred to these fees as water bills and felt that they were enormous.
Maintenance barriers mostly included lack of funding for maintenance,
lack of maintenance, and reliance on residents for maintenance. Envi-
ronmental barriers included trash, poor soil quality, topography not
being conducive, etc. and under technological barriers, respondents
discussed how using scientific jargons is not ideal for communication
with public, knowledge gap, retrofitting everything that is not appli-
cable to all places, lack of need-based solutions, etc.

We quote respondents discussing several barriers below.

One of the Baltimore City GI professional said,

“I"'m not sure exactly how to solve this, but I do think if there were an
incentive financially or materially to take care of stormwater, I think
that would be the beginning of a solution to the actual problem.......”

One of the Baltimore GI professional working for a nonprofit orga-
nization felt that it is very difficult to change the mind set of people.

“Changes are always hard. So the barrier would be the people
agreeing to make changes....... Public Works have come, Chesapeake
Trust have come, Civic Works, Interfaith Partners, Blue Water, Solar
people. So we've had a number of informational type services come
out to do brief talks, provide free giveaways and information so that
people can take those things home.”

One of the longtime Watts Branch resident, who has been very
actively involved with the GI and environmental issues thought that the
scientific language and implicit bias are challenges for people in general.

“The barriers. Language...Well, like I can only deal with [a promi-
nent government agency] because I was on the board. The language
was very scientific. And I think that communication is also another
issue. I think another barrier is implicit bias as it relates to, oh do
those poor people really care about what we’re doing?”

One of the experts working for a nonprofit organization in the Watts
Branch observed that maintenance is a big challenge:

“There’s so much emphasis on getting things off the ground, on
treating water to meet a short-term goal that if you don’t maintain
these systems over time they don’t continue to look pretty.”

One of the Baltimore residents felt that environmental conditions
and trash are a few challenges.

“A lot of locations don’t really allow for infiltration because of the
soils. when you’re in an urban area, and you want to talk about
visible pollutants, nutrients and sediment are way low down when
you’re looking at things like trash, or concerns about bacteria, those
are the pollutants that tend to come up a little bit higher.”

From the analysis, Appendix C and the quotes, we found that BMPs
adoption were not on the priority list of people compared to other issues
such as crime, poverty, trash, etc. This could be due to lack of education,
inadequate educational outreach activities to inform them, lack of trust
in the system, and lack of time commitment from the residents.

3.4.2. Community educational outreach activities and related challenges
During the interviews, the majority of the respondents (88%) dis-
cussed community outreach educational activities without initial probe
and detailed discussions followed. Out of 142 (n) responses on educa-
tional outreach programs, 54 were on government programs, 42 on
Toooo s sttt es o o~ community level partners, 7 on faith-
on programs offered by university

Sustainable Cities and Society 75 (2021) 103318

Table 3

Best ways to reach residents as part of educational outreach programs as sug-
gested by the stakeholder groups from Watershed 263, Baltimore, Maryland and
Watts Branch, Prince George’s County, Maryland and Washington, District of
Columbia.

Stakeholder Groups Best ways to reach residents

Baltimore Residents Email, listserv, talking to community, educating kids,

App like Next Door, flyers, community meetings

Watts Branch Social media, door-to-door walk, newsletter in mailbox,
Residents meetings, scavenger hunt

Baltimore GI Incentives as credits on Water bill for larger builders,
Professionals meetings

Watts Branch GI River walk, community meetings, social media,
Professionals community listservs, nature walks, door to door

outreach, knocking, sending postcards, doing walking
tours, barbecue, food, and music in the community,
annual conferences, educating communities on
maintenance

extensions. Educational outreach activities by the government agencies
dominated the list across stakeholder groups followed by nonprofit or-
ganizations and community level partners. There were several outreach
programs offered by different organizations in our study watersheds. For
example, in Watershed 263, the Baltimore Green Resources & Outreach
for Watersheds (GROW) Centers offered by the Baltimore City DPW
were intended to increase citizen capacity for implementing community
greening and stormwater management projects (DPW, 2020). Similarly,
DOEE offered outreach programs in the Watts Branch area (Department
of Energy and Environment, n.d.) such as Anacostia Environmental
Youth Summit, Anacostia River Explorers Program, Middle School
Watershed Education, Watershed Stewards Academy, etc. Although
faith-based organizations and universities were mentioned, they were
not considered as the dominant groups.

Upon further probe into which they thought the best ways to reach
people as part of the educational outreach activities were, respondents
preferred modern technologies such as social media, mobile apps, flyers,
emails/listservs, and many more ways. Table 3 details the responses of
the respondents in each study watershed.

Under reflexive sphere, from the data presented in Sections 3.4.1 and
3.4.2 it can be seen that, of the six identified categories of barriers to GI
adoption, the socio-cultural barrier is the dominant category across the
stakeholder groups, followed by institutional, economic/financial,
maintenance, environmental, and technological barriers. Almost all the
respondents were equivocal that socio-cultural barriers need to be
addressed to increase the adoption of GI among residents. As part of the
government programs, the government agencies are required to carry
out educational outreach activities in the residential areas. Most of the
time, the agencies partnered with nonprofit organizations who already
had established partnerships with the local communities. Our data
suggest that more targeted educational outreach activities by the gov-
ernment is needed to be more collaborative to inform the residents on GI
BMP adoptions.

3.5. Future and solutions for better GI BMPs adoptions

To gauge the respondents’ prediction on the future, we asked them to
describe what they think the future of GI is. The majority of them (about
55%) were optimistic and felt that the future of GI is bright and would
have more green jobs in the future. At the same time, 14% of them were
very pessimistic about the future and 31% not providing any response.
Sixty-nine percent of the respondents suggested a total of 60 different
types of qualitative solutions to achieve the green sustainability goals in
the future (Table 4).

Below we quote several respondents to show the quality of the
statements. One of the long time Baltimore residents thought that, rain is
inevitable so as stormwater management:
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Table 4
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Solutions provided by the stakeholder groups to attain sustainability goals in Watershed 263, Baltimore, Maryland and Watts Branch, Prince George’s County,

Maryland and Washington, District of Columbia.

Stakeholder Groups

Solutions to attain sustainable transition goals in the future

Baltimore Residents

Change in policy level, collective actions, political willingness, positive media, social innovation, building future generation, government initiative/

laws, changing the culture, push back from residents, resident involvement, system transparency, Role models from other states, GI, removing
bureaucratic hiccups, making systems easier for residents for better implementation, more green jobs

Watts Branch Residents

Developers’ interest, campaign, engagement, implementation, making things relevant to people that they can relate to, building upon the past and

adapting in the future, interactive framework, resiliency framework, homeowners’ involvement, community involvement, raising awareness,
empowering/educating people, green jobs, solution-oriented, smarter approach, better knowledge, restoring nature, shrink built footprints

Baltimore GI Professionals

Community partnership, changing system, retrofits, changing management system, decentralized technologies, giving back to the community,

environmental restoration, instilling environmental culture in next generation, fund to put in practices

Watts Branch GI
Professionals

Retrofits, education and citizen engagement, continue monitoring of water quality, working on failures, stream restoration, changing mindset,
environmental awareness, natural solutions, community engagement, political mindset, people’s thinking, new innovation and new technology use

“Well stormwater’s going to be here no matter what. Whether we
manage it or not. I think it has the potential to grow into an
industry.”

One of the GI professionals working in the Baltimore 263 said:

“Whether the systems that we have are durable into the future,
whether green infrastructures are durable into the future, but more
substantially, is it even possible to create a new system out of ret-
rofits, what are essentially piecemeal retrofit systems?.”

The respondents were optimistic about the future of GI and felt that it
will generate more green jobs for the future generations. They also
provided several thought-provoking solutions to achieve future sus-
tainability goals, which included community involvement/citizen part-
nership, changes in policy level, changing mind-set of people, reducing
bureaucratic challenges, empowering the youth, etc. (Table 4).

4. Summary and conclusion

Our multi-disciplinary team utilized a transition management
framework, in-depth interviews, and CBPR approach to better under-
stand the existing knowledge and perceptions of the GI BMPs across
diverse stakeholder groups in terms of sense of responsibility, barriers,
community educational outreach activities, and the future of GI in two
varying jurisdictional, physical, and socio-economically diverse water-
sheds in the Chesapeake Bay area. To our knowledge, this study is one of
the first to apply Loorback’s governance schema to characterize storm-
water governance activities within four spheres (strategic, tactical,
operational, and reflective) relevant to societal transitions, using data
from 42 in-depth interviews and an assessment of the government GI
policies. We found that strategic activities were largely driven and
shaped by the overarching national policy that regulates water quality in
the USA, the Clean Water Act, and resultant regulations at local levels,
such as MS4 permit and TMDL limits in both the study watersheds.
Tactical activities were carried out by several stakeholders including
government agencies, nonprofit organizations, and community mem-
bers. The Baltimore professionals (BGIP) did not mention about clean-up
activities as a BMP compared to the residents (BR) of the same water-
shed. Outreach activities were popular among Watts Branch GI pro-
fessionals and residents, whereas the Baltimore residents did not
consider outreach as one of the BMPs.

As operational activities, we discussed BMPs that the respondents
listed as prominent, and their perceptions of responsibility towards
achieving sustainability goals. Residential scale was the most adopted
BMPs presumably because majority of the properties in both the wa-
tersheds are privately owned. However, to meet water quality goals,
there is still a substantial need remaining for more people to adopt GI
BMPs. Our data suggested that stakeholders do realize their respective
responsibilities and admitted that the responsibility lies both with the

" residents. Under the reflexive sphere,

we evaluated perceived barriers to GI BMPs adoption and community
educational outreach activities. We identified five categories of
perceived barriers, with socio-cultural being the dominant category
across all stakeholder groups. Lack of maintenance and funding for that
was another barrier, which needed to be addressed for long term sus-
tainability planning. Despite considerable involvement by the govern-
ment agencies, several community members, and nonprofit
organizations, our study results indicated that educational outreach
activities surrounding GI BMPs adoptions was inadequate, especially in
Watershed 263.

Achieving the green sustainability goals is still challenging and a
concerted effort among all the stakeholders is needed. Incorporating
multi-stakeholders’ perspectives at the inception of the sustainability
planning process is warranted to make the process more efficient and
trustworthy. Decision-making often involves constructive two-way open
dialogue between government, policymakers, nonprofit organizations,
residents, environmental professionals, and others. Residents’ engage-
ment and willingness is critical to achieve sustainability goals in the
Chesapeake Bay area. Local communities must understand the benefits
of GI adoptions, prioritize it, and be willing to participate.

We suggest several policy measures to improve water quality in the
region. Along with long term planning, the policymakers should intro-
duce different spheres of the transition management governance and be
more inclusive, collaborative, and involve stakeholders from the
beginning of any planning process. Government should take proactive
measures to bring GI adoptions to the priority list of residents, at the
same time not overwhelming people with excess-messaging. More
meaningful outreach activities using modern technology such as
smartphone applications and social media, are needed to build trust with
the residents. This trust will increase the GI BMPs adoption rates. They
need to address the socio-cultural barriers resulted from our study. At
the same time, residents also need to take up more responsibility for
collective action to help implement GI BMPs. More studies should use
CBPR approach just like ours to gain in-depth insights and data to build
meaningful partnership with the community and stakeholders. It would
be interesting to explore the effectiveness of the rebate and incentives
programs in both the study watersheds and evaluate the community
educational outreach programs offered by different agencies. Urban
stormwater can be a signature model and inform social transition
management theory as well as coupled natural-human systems theory.
With increasingly polluted watersheds and a realization that technical
approaches to urban water management (i.e., regulatory requirements,
monitoring, local ordinances, etc.) have been insufficient, better un-
derstanding of the adoption of GI BMPs at the residential scale presents a
compelling societal transition. And there are important environmental
reasons i.e., less flooding, cleaner water, development of vacant lots, for
this too. Since we compared two watersheds with varying jurisdictional,
physical and socio-economic characteristics, the results from this study
can be applied in other cities within USA and elsewhere to understand
the underlying socio-cultural factors affecting the adoption of GI to
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Appendix A. Socio-Economic Status of Baltimore and Washington, District of Columbia

The largest metropolitan regions in the Chesapeake Bay watersheds are Washington, DC and Baltimore, MD, which are located roughly 73 km apart
and house 705,749 million people with a median household income of $82,604, and 593,490 million people with a median household income of
$48,840, respectively (USA Census Bureau, 2019). Both cities are similar in geographic size, age, and population density. They lie in the Humid
Subtropical climate zone. Precipitation occurs on average at a rate of 3-4 inches (76 to 102 mm) per month with the lower value in April and the high
in September. They are both coastal cities with direct connections to the Chesapeake Bay. Both cities have new sustainability plans yet are in violation
of air and water quality regulations; however, they each have established a 40% urban tree canopy goal. Washington, DC and Baltimore show clearly
different social characteristics. The cities differ in recent population trajectories: while Baltimore recorded historically lowest number of population.,
under 600 million (1.2% decline from 2018) and has more than 30,000 vacant properties within the City limits (Baltimore Sustainability, 2019) and
the Washington, DC population grew by 0.6% in the same time period and has less than one-eighth the vacant lots in Baltimore (4152). Baltimore and
Washington, DC have 31.2% and 57.6% of residents over 25 years of age have attained a Bachelor’s degree or higher, respectively (USA Census
Bureau, 2019). Both cities have a high percentage of households subsisting below the poverty line (21.8% in Baltimore and 16.2% in Washington, DC
with a nation-wide rate of 11.8%). Hence, both the cities have substantial socioceconomic variation among neighborhoods.

Appendix B. Qualitative analysis of popular BMPs as reported by respondents from Watershed 263, Baltimore, Maryland and Watts
Branch, Prince George’s County, Maryland and Washington, District of Columbia

Outreach Residential scale Clean-up activities Large scale practices Property-dependent
practices
- community engagement - rain barrel - clean-up trash - curve bump outs - one should opt for a BMP depending upon the type of the
property (public, private, right of way, industrial, vacant lot,
etc.)
- following existing - rain garden - clean-up litter - bio retention ponds

program models

community partners permeable pavers
educating people and impervious surface
kids removal

- clean-up gutter - GIL
- no dumping - stream restoration

- social media - native plants - dealing with vacant - trees
properties
- App - water reuse - clean-up drains - green roof
- camps - cistern - clean-up debris - dry well
- marking drains - pump - clean-up dead - intercept or catch the rain
leaves where it falls
- laws - downspout- - retrofit
disconnect
- regulations - conservation - environmental site design
landscape
- policy - low impact development

- environmental co-benefits

better implementation
- social acceptance
maintenance

10
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Appendix C. Qualitative analysis of barriers to adopting GI BMPs reported by stakeholder groups from two study watersheds: Watershed
263, Baltimore, Maryland and Watts Branch, Prince George’s County, Maryland and Washington, District of Columbia

Population
- BR

- WBR

- BGIP

Socio-cultural

- community outreach is
for politically active
communities

exclusion by language/
ethnicity

less responsibility from
renters

lack of awareness and
education

lack of youth education

vacant lots

not a priority

changing the mind-set
of people is hard
legends to deal with
recycle bins

- lack of education

geriatric community

inconsistent messaging
across the stakeholders

lack of youth education
bias toward poor
people

people doing work on
stormwater or
environment have
decent jobs and get
time

not a priority

putting lot of burden on
people is making them
against environment

- mistrust in outsiders
people skill is needed to
understand
communities

lack of making people
understand the
consequences of their
action

lack of need-based so-
lution to people
showing people how
their action impacts the
environment

- not a priority among
people

conflicting
expectations
push back from
communities

bigger issues like crime
and illegal dumping

- lack of education

Institutional

lack of government/
institutional support

programs for residents like
by BGE
delay in getting permits

no law enforcement

lack of support from city
government

top-down approach of the
city structure

other utility companies
making mess

ineffective community
engagement

lack of public awareness of
government program
working to get MS4 permit

rather than build healthy
eco-systems

illegal dumping

interference of utilities
permitting procedure takes

a lot of time

interagency approval is
difficult because of
potential credit associated
with their work

not enough land

underground conflicts

Economic/financial
- water bill

financial
constraints

lack of financial
incentives

lack of funding

new developments
should pay more
attention to it

residents

cost associated
with GI is huge

- costly projects and
limited funding

- stormwater fee

11

financial burden on

Maintenance

lack of funding for
maintenance

lack of emphasis on
maintenance

lack of proper
maintenance
guidelines

no funding for
maintenance

lack of maintenance

maintenance-
intensiveness of the
stormwater

reliance on the
residents to
volunteer to
maintain (adopt-a-
lot)

Environ mental Technological
- trash - abstract issues people
can’t relate to
- scientific jargons
detrimental to
communication to
general public
- knowledge gap
- trash - desktop analysis and
reality are different
things
- poor soil quality - lack of technology and
communication
- showing people - retrofitting rather than
how their action having a new system
impacts the
environment

lack of making people
understand the
consequences of their
action

lack of need-based so-
lution to people

not feasible to put the
facility in the ground

(continued on next page)



D. Patra et al.

(continued)
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- lack of transparency
might lead to projects
being frozen

vacant lots

more centralized
bureaucracy

- not much political
support

people’s perception

- WBGIP regulatory - financial

not a priority

permit process takes time - costly
installations should be

subsidy-based

people making decisions

are not environmentally

educated

time management is
difficult

lack of education
among people on the
topic

resistance from the
public

mistrust of public in
government
(historically
underserved
communities

geriatric community
disconnect between
public agencies and
people

locals were not
involved

other barriers like
crime, violence, infant
mortality rate, low life
expectancy

people resisting
sometimes like parking
space removal

- maintenance not
funded

- use of jargons by others
that communities don’t
understand

- topography not
conducive
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