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Abstract: This paper presents the results of a collaborative planning process to develop an integrated
coastal restoration plan for Plaquemines Parish, Louisiana that recognizes the knowledge, experience,
and priorities of residents and local stakeholders. To achieve this goal, the research team convened a
broad group of stakeholders who live and work in Plaquemines Parish, including representatives
of the seafood, navigation, and oil and gas industries, as well as residents, landowners, and those
who are indigenous to the region, all of whom rely upon the ecosystem services provided by the
wetlands, bays, and waterways for sustenance and wellbeing. Using a combination of local knowledge
mapping and participatory modeling, the group worked with scientists to develop a restoration plan
consisting of a suite of interlinked natural and nature-based solutions. The approach was intentionally
interactive and iterative, creating a venue for open dialogue between residents, scientists, and resource
users where no one source of knowledge was given primacy over another. Residents were able to
contribute information regarding coastal restoration planning within their own communities, and
a consensus plan for prioritizing restoration efforts in clusters was submitted for consideration as
part of the State of Louisiana’s Coastal Master Plan process. Providing local stakeholders with direct
access to scientists allowed their local knowledge to be translated into data products that could be
more readily ingested into numerical models and other scientific planning tools.

Keywords: coastal restoration; Louisiana; collaborative management; participatory modeling; nature-
based solutions

1. Introduction

As coastal planners and scientists increasingly rely upon technical knowledge in the
form of numerical models to justify the selection of specific risk-reduction techniques,
residents often use their past experiences and perceptions of increased threat as a justifi-
cation for locally rejecting many of the model results [1,2]. The epistemological gap that
exists between technical knowledge and local knowledge has reinforced, for many coastal
residents, a fundamental distrust of government at all levels. This distrust often extends to
the government-funded science that underpins much of coastal management, particularly
when that science contradicts the residents’ direct experience and knowledge of their local
environment [3]. The conflict between residents, scientists and government is often due
in part to the failure of coastal researchers to consult those local-knowledge experts who
live in impacted areas [4]. When residents are not actively engaged in coastal research,
distrust can develop into knowledge controversies, wherein the claims of scientists and
the policy practices of the government agencies that they inform become subject to public
interrogation and dispute [5].

Knowledge controversies can become particularly contentious in coastal areas, where
residents are heavily dependent on the ecosystem services provided by coastal environ-
ments. Wetlands, for example, are considered strategic environments with respect to

Sustainability 2022, 14, 2974. https://doi.org/10.3390/su14052974 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14052974
https://doi.org/10.3390/su14052974
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-0192-6473
https://doi.org/10.3390/su14052974
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14052974?type=check_update&version=2


Sustainability 2022, 14, 2974 2 of 24

food security, environmental protection and disaster risk reduction [6,7]. Beyond their
environmental and economic values, wetlands also support recreational activities and
tourism and provide complementary social and cultural services to residents, such as
aesthetic appreciation and spiritual enrichment, among others [8]. Technical, science-based
approaches—including numerical models, risk indicators, monitoring instrumentation,
ecosystem services calculations, and cost–benefit analyses—utilize defined subsets of met-
rics and often struggle to capture the full range of social values and impacts that are
generated by coastal protection and restoration efforts. This often leads to conflict between
competing environmental, social, and economic interests [3].

This situation is beginning to change, as improvements in technology and method-
ological advances are increasingly allowing for the input of qualitative local knowledge
into numerical models [9–14]. There is a growing literature on the potential of combining
local knowledge systems with technical scientific knowledge to manage both ecosystems
and resources, including the evaluation of climate change impacts and the management of
fisheries, biodiversity, and landscape dynamics [15–18]. Innovations in geospatial technolo-
gies, a growing acceptance of mixed-methods research, and increasing awareness of the
validity and importance of local knowledge are increasing the ability of coastal planners,
scientists, and local knowledge experts to co-develop and co-manage local protection and
restoration projects [19–21].

Local knowledge mapping (LKM), public-participation geographic information sys-
tems (PPGIS), and participatory modeling are three geospatial techniques that have been
used to address a wide range of environmental issues across a vast range of geographies.
LKM is a technique that allows local stakeholders to identify locations on paper or digital
maps. When adding these data into a geographic information system (GIS), researchers can
use spatial analysis to visualize these markings together and derive novel maps showing
the locations of local agreement, disagreement, values, practices, behaviors, etc. [19,22]. For
example, point data can be analyzed with kernel density estimation, spatial filters, or many
other techniques designed to understand the spatial distribution of points, while polygon
data can be examined through approaches such as density and the suite of local indicators
of spatial autocorrelation [23]. Advances in LKM and PPGIS have allowed researchers
to capture, display and analyze local and traditional ecological knowledge (LTK) more
readily. These techniques have been used by coastal scientists to develop impact maps
for a range of coastal hazards, including local flooding, land loss and erosion, the loss of
barrier islands, the impacts of tropical weather events, and the eutrophication of coastal
sea and wetlands [14,19,20,24].

Participatory modeling is a related technique that often utilizes the outputs of LKM
and PPGIS to develop or refine numerical models. In traditional numerical modeling,
community engagement, when it occurs at all, often takes place at the conclusion of the
analytical process, when the results are presented to the public. Participatory modeling, on
the other hand, is a knowledge-based approach that fully engages local communities in
the development and application of predictive tools, often directly incorporating LTK into
numerical models [9]. The process is built around two-way communication between local
stakeholders and scientists about the problems facing local communities and allows for
the co-design of solutions to these problems. The process directly incorporates LTK into
numerical models and has been used by researchers around the world to help plan and
manage for a range of environmental concerns, including but not limited to air quality [11],
water quality and river eutrophication [12,25,26], and rural flooding [13,25]. Recent partici-
patory modeling work on the co-development of watershed-scale models has been used to
directly influence coastal protection and restoration efforts [9,10,27].

Each of these technical advances provides tangible ways to bring residents, scientists,
and government representatives together to evaluate the potential outcomes and shortcom-
ings of restoration and protection projects, allowing coastal planners to make adjustments
that respond to the real-time needs of impacted communities [28,29]. Technical innovations,
however, can only influence outcomes if there is an institutional acceptance of the validity



Sustainability 2022, 14, 2974 3 of 24

of local knowledge as an important data source, one on a par with technical scientific
knowledge, determines the ability of local residents to effectively influence the protection
and restoration process [29]. Collaborative management (co-management) is an emerging
approach by which government agencies share decision-making, responsibility, and ac-
countability for ecological restoration with local communities whose livelihoods depend on
the ecosystem services provided by the coastal environment [30,31]. The success or failure
of co-management efforts is often heavily dependent upon the ability of participants to
negotiate the often-conflicting relationship between scientific expertise and experiential
knowledge. Recent efforts at co-management have utilized an environmental competency
group (ECG) approach to bring together numerical modelers, local knowledge experts, and
other key stakeholders to collaboratively develop and assess suites of local environmental
protection projects [3,5,13].

The following case study explores the convening of an environmental competency
group consisting of residents, local stakeholders, and scientists in Plaquemines Parish,
Louisiana. Using a combination of local knowledge mapping and the initial phases of
participatory modeling, the group worked to co-develop an integrated coastal restoration
plan consisting of a suite of interlinked natural and nature-based solutions. The resultant
plan was submitted to the state of Louisiana for their review in March of 2019 and, in
October of that same year, the state notified the parish that this plan would be assessed and
modeled as part of its master planning process.

This paper summarizes the methodological approaches used to co-develop this in-
tegrated coastal restoration plan and reviews the degree to which the plan can improve
the resilience of Plaquemines Parish in four sections. The first is a review of the ongoing
coastal crises that Louisiana is facing and the state’s planning efforts to protect and restore
its coast and communities. This includes an assessment of the role that the public plays
in these planning efforts. The second part provides details about the methodology of the
current study, including the workshop methods and subsequent qualitative and geospatial
analyses. The third section depicts the results and outputs of the research project, highlight-
ing the project components and the narrative, qualitative data supporting these. Finally,
the discussion and conclusion sections highlight the advantages and limitations of the
methodology piloted for this research and its potential for broader application.

2. Study Area

The state of Louisiana faces a substantial planning challenge in addressing the joint
problems of massive coastal land loss and storm surge flood risk [32,33]. Rates of land
loss are especially high in the state’s coastal zone, which, in addition to experiencing
direct human disturbance and reduced sediment supply due to the channelization of the
Mississippi River, experiences a high rate of coastal subsidence [34]. From 1932 to 2016,
the region, which encompasses approximately 37,780 square kilometers of lowland plains,
deltaic lobes, and open water, experienced a net loss of 4833 square kilometers of land [35].
During this same period, the state’s coastal zone has been impacted by 43 tropical cyclones,
18 of which had a central pressure of 985 mb or less at landfall [33]. One of the largest hot
spots of land loss and risk in Louisiana’s coastal zone is centered on Plaquemines Parish,
located at the terminus of the Mississippi River where it discharges into the Gulf of Mexico.

Plaquemines Parish is home to several coastal communities that make up the region’s
working coast, as well as high-value critical infrastructure, supporting the oil and gas
industry, and ecosystems that sustain fisheries and other ecosystem services (Figure 1). The
Parish supports a full spectrum of oil and gas activities: production, storage, transportation,
and processing, including natural gas processing, crude oil refining, and petrochemical
refining. Each of these activities relies upon an extensive network of onshore infrastructure
and industry workers. Plaquemines Parish is also home to the largest commercial fishing
fleet in the continental United States. The commercial and recreational fisheries industries
also rely heavily upon the physical infrastructure, as well as human and natural capital, for
its continued vitality.
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Figure 1. Map of Plaquemines Parish (County) located along the lower Mississippi River in southern
Louisiana, USA, showing the locations of communities and critical industrial infrastructure.

This working coast faces constant environmental threats and hazards. Given the
location of Plaquemines Parish, it is particularly vulnerable to tropical storm events, sea
level rises, and increasing temperatures [36,37]. Additionally, the flood protection levees
built along the Mississippi River in the early twentieth century have eliminated the natural
sediment flows that are needed to nourish the coastal wetlands and help reduce the
subsidence of the Mississippi River Delta [38]. In 2005, during Hurricane Katrina, the
storm surge overtopped the Plaquemine Parish levees, which were designed to protect
communities from both storm surges and river flooding. Similarly, during September
2008, Hurricanes Gustav and Ike flooded many communities across the Louisiana coast,
including those of Plaquemines Parish [39]. In 2012, Hurricane Isaak made landfall in
Plaquemines Parish, overtopping a non-federal back levee and trapping water between it
and the Mississippi River levee, flooding an 18-mile stretch of the Parish [40]. As recently as
August of 2021, communities in Plaquemines Parish were directly impacted by Hurricane
Ida, a category-4 hurricane that resulted in an 8-foot storm surge overtopping the 3 to 6 feet
of levee protection, with water levels comparable to those of Hurricane Isaac [41]. With
continued subsidence and accelerating sea-level rise, the ability to protect these lower-lying
river communities will diminish [39]. According to the state of Louisiana, Plaquemines
Parish is a location where, without future restoration and mitigation efforts, “flooding
will be high enough to make daily life next to impossible, even without future hurricane
damage” within 50 years [42,43].

To address these and other coastal challenges, there has been extensive human interven-
tion to protect communities and infrastructure in Plaquemines Parish. These interventions
have included natural and nature-based options, such as building marshes, marsh terraces,
ridges, and river siphons to increase the resilience and intactness of the local ecosystem to
maximize ecosystem benefits. Nature-based protection features can be more cost-effective
to construct than hard infrastructure and provide additional ecosystem benefits [44,45]
(Morris et al., 2018). Over the past three decades, over 80 government-funded nature-based
projects have been planned or implemented in Plaquemines Parish. These projects have
been funded through a range of state and federal sources and have included sediment and
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freshwater diversions, outfall management, sediment traps, marsh creation with dredged
materials, vegetative plantings, shoreline protection, and barrier island restoration [46].

Despite the number of projects constructed, this piecemeal approach has been unable
to stop the net loss of wetlands over time [29]. In an attempt to maximize the benefits of
coastal protection and restoration, the Louisiana legislature mandated the development and
maintenance of a comprehensive coastwide master plan. The state’s “Coastal Master Plan
for a Sustainable Coast” (the Coastal Master Plan) is a USD 50-billion plan to restore and
protect the landscapes and communities of coastal Louisiana through a suite of restoration
and protection activities, including wetland creation, hydrologic restoration, barrier island
restoration, and structural and non-structural flood protection [47,48]. One element of the
Coastal Master Plan is the introduction of sediment-laden fresh water from the Mississippi
River into the deltaic plain, to create and sustain wetlands through the use of engineered
sediment diversion structures [49]. Once constructed and operational, these sediment
diversions will quickly introduce a tremendous amount of fresh water into a largely
brackish and saline environment.

Although numerical modeling and other scientific data analyses can increase our
understanding of the expected changes that will likely occur as a result of these large-scale
restoration efforts, there are other impacts to the ecosystem and the human communities
that rely on the wetlands that are much more complex and difficult to predict [50]. For
example, numerical models have shown that sediment diversions will result in significant
land-building and benefits to the Mississippi River deltaic complex. However, sediment
diversions, by their very nature, will alter salinity levels and deposit sediments that can
adversely impact fixed oyster leases and push the bay shrimp and other saltwater species
coastward, potentially disrupting many established small-scale fishing operations [1]. Many
local fishermen fear that the anticipated ecological changes will not only directly endanger
their families and communities, but will threaten their very sense of community identity,
culture, and heritage [2]. Such impacts are highly uncertain and are not readily modeled.
This disconnect between technical knowledge experts and local knowledge experts has
reinforced, for many residents, a fundamental distrust of government at all levels. In some
cases, this has led to a situation where coastal residents identify the authorities’ lack of
engagement and respect for their local knowledge as a significant threat, one on a par with
the physical hazards that they face in their communities [51].

Public Participation in Louisiana’s Coastal Planning Process

The importance of public participation in the coastal restoration planning process is
often acknowledged by government federal and state agencies, including the Louisiana
Coastal Protection and Restoration Authority (CPRA), which established a number of key
outreach and engagement principles to ensure structured and transparent interactions with
the public, as well as key businesses and industries, federal agencies, nonprofits, academia,
and fisheries interests [52]. The Coastal Master Plan, for example, establishes extensive
public engagement efforts, operating in parallel with the numerical model-based scientific
analysis of proposed coastal protection and restoration projects. Among the key principles
outlined in both the 2012 and 2017 iterations of the Coastal Master Plan is the proposal that
project ideas from local communities should be received, reviewed, and incorporated while
the Master Plan is being developed, not after the fact, and that the state has an obligation
to provide a variety of ways for stakeholders and citizens to learn about and participate
in the Master Planning process, including small group gatherings, web offerings, direct
communication with the local and state government, and public meetings [52]. These
engagement principles highlight the fact that the CPRA recognizes a persistent frustration
expressed by local stakeholders across the coast that they are involved too late in the
planning process and that their comments make little difference to what the state decides to
do [29]. The state also recognizes that not every stakeholder or citizen project or program
idea can be included in the Coastal Master Plan, but it assures them that each will receive a
fair hearing and that questions will be answered promptly and with care.
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However, the way that public input is integrated into the planning process is not
readily apparent to many frontline coastal communities, nor is it apparent to many of the
external scientific working groups tasked with overseeing and guiding the development
of Louisiana’s coastal protection and restoration efforts [53]. To reconcile this perceived
discrepancy between the stated engagement principles of the Coastal Master Plan and
how these principles are operationalized in practice, the CPRA released a solicitation in
October 2018 for proposals for new projects or project concepts to be included for modeling
in the forthcoming 2023 Coastal Master Plan. New project ideas were invited from any
source, including “academia, parishes, elected officials, agencies, NGOs, landowners, busi-
ness/industry, and the general public”; they needed to focus on addressing issues related
to sea-level rise and subsidence, making a contribution to maintaining estuarine gradients
in future decades, and providing risk reduction at the community or regional scale [54].

In response to this solicitation, The Water Institute of the Gulf (The Water Institute),
partnered with the Plaquemines Parish government, the Barataria-Terrebonne National
Estuary Program (BTNEP), and the Shell Exploration & Production Company to develop
and submit an integrated coastal restoration plan to the CPRA for Plaquemines Parish,
Louisiana. Plan development bodies actively recognized the knowledge, experience, and
priorities of local resource users and community members. To achieve this, the research
team convened a broad group of stakeholders who live and work in communities through-
out Plaquemines Parish. This included representatives of the seafood, navigation, and oil
and gas industries, as well as residents, landowners, and those who are indigenous to the
region. All these stakeholders rely upon the ecosystem services provided by the wetlands,
bays, and waterways of the parish for sustenance and wellbeing. Over the course of a single
month, including two workshops held in Plaquemines Parish, this group worked with
a team of coastal scientists from The Water Institute to co-develop an integrated coastal
restoration plan. The plan consisted of a suite of interlinked natural and nature-based
solutions, designed to maximize both social and ecological co-benefits.

3. Materials and Methods

The research presented here combines two theoretical frameworks and applies them
to an ongoing coastal protection and restoration planning effort in Plaquemines Parish,
Louisiana, located in the birdsfoot delta of the Mississippi River. The first framework,
collaborative management, presents a means of sharing power and responsibility in envi-
ronmental management between the government and local resource users [31]. The second
is inherent resilience, which consists of a set of practices that these same local resource users
deploy to cope with environmental disturbances and that are retained in their collective
memory [55]. In linking these two theoretical frameworks, this present research provides
an example of how the collaborative management of coastal protection and restoration
planning is vital to enhancing the inherent resilience and long-term sustainability of coastal
communities. The research team actively engaged both local knowledge experts and techni-
cal knowledge experts in the development of the integrated coastal restoration plan. Data
collection efforts were built around the outputs of a local knowledge-mapping workshop
and the subsequent engagement activities (Figure 2). The outputs of these engagement ac-
tivities were analyzed both qualitatively and quantitatively, to translate workshop outputs
into geospatial data that could be submitted to state coastal restoration planners, with the
results being reviewed by the local and technical knowledge experts.



Sustainability 2022, 14, 2974 7 of 24

Figure 2. Steps used to co-develop an integrated coastal restoration plan for Plaquemines Parish,
Louisiana.

3.1. Local Knowledge Mapping Workshops

The people who live and work in coastal communities are increasingly becoming
recognized as repositories of valuable local knowledge on community risks, such as which
places in their communities are dangerous, and which are thought to be safe. This knowl-
edge is derived from life experiences, jobs, family, and other cultural traditions outside
of formal school-related education and training, and is often geographically explicit [19].
The project leadership team, including The Water Institute, Parish government, and BT-
NEP, identified key stakeholders who should attend a series of local knowledge mapping
workshops designed to gather local knowledge on the range of community perspectives
that exist in the Parish, and to identify and map locations where restoration efforts have
the greatest potential to reduce the vulnerability and increase the resilience of Lower
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Plaquemines Parish. Local knowledge mapping is an approach that aims to encourage
community-member participation in sharing the knowledge and perceptions of a given
area, and has been shown to provide an effective means of incorporating community and
traditional ecological knowledge into a coastal protection and restoration framework [19].
Qualitative data collected during local knowledge mapping exercises have been used to
create a geospatially explicit baseline dataset, allowing researchers to incorporate local
knowledge into an assessment of the proposed ecological restoration projects. When incor-
porated into a GIS environment and assessed in combination with biophysical data, the
resultant “Sci-TEK” data can potentially be used to refine the large conceptual footprints of
restoration projects and aid in the identification of future restoration projects, and identify
the associated areas of consensus and potential conflict between local stakeholders and
policymakers [21,56,57]. The information gained in this way has also been used to deter-
mine the geographic specificity of local perceptions and develop community-informed
prioritization tools that can be used to plan future ecological restoration projects [51,58].

A preliminary local knowledge mapping workshop was held on 5 February 2019
at the Belle Chasse Public Library in Belle Chasse, Louisiana. Twenty local stakeholders
representing a wide array of backgrounds, demographics, and interest in restoration
activities in lower Plaquemines Parish participated in the workshop. All participant
feedback was collected in a structured, scientifically sound manner. First divided into four
breakout groups (Table 1), participants were presented with local and regional maps of the
area. They were guided through the process of project selection through the use of specific
prompts asking participants to: (a) spatially locate places that are of high social, cultural, or
economic value on a map, (b) describe the problems or threats that stakeholder groups and
communities face, (c) describe the nature-based solution they were promoting for inclusion
by the state in the Coastal Master Plan, (d) spatially locate the identified nature-based
solution on a map, (e) categorize the desired outcomes that are motivating project selection,
and (f) identify specific benefits or constraints associated with the implementation of the
identified solution [14]. Their perspectives were documented on structured handouts and
maps (Figure 3), in addition to scientists’ field notes and audio files. These participatory
mapping techniques allowed the project team to collect a range of local knowledge that was
then used to identify key issues and concerns for the future development and monitoring
of projects in coastal Louisiana [28]. Through this process, some forty-five project ideas
were identified and documented from this workshop.

Table 1. Stakeholder groups involved in local knowledge mapping workshops in February 2019.



Sustainability 2022, 14, 2974 9 of 24

Figure 3. Sample map outputs developed by workshop groups 3 (L) and 4 (R) in February 2019,
identifying potential coastal protection and restoration projects that could address community
concerns, reduced from 24” × 36” (609.6 mm × 914.4 mm).

3.2. Qualitative Data Analysis

In addition to the mapping outputs, data derived through the group conversations
(and all subsequent workshop activities) were recorded with the permission of the work-
shop attendees. Following the initial local knowledge mapping workshop, the project
team transcribed, coded, and transformed the audio recordings from the workshop into
qualitative data that was then analyzed to detect underlying themes in the dialogue. The
process of assigning codes to raw data was an integral part of the interview data analy-
sis process. At the outset of this process, a set of codes were developed by the research
team and were used to classify phrases, sentences, and paragraphs in the raw data, using
MaxQDA 2018 (Release 18.2.5). Theory-driven codes are developed from existing theory
or concepts, unlike data-driven codes that emerge from the raw data or structural codes
arising from a project’s research goals and questions [59].

For this research, a set of theory-driven codes connected to specific themes related to
community resilience and vulnerability were developed from resilience literature [60,61].
This set of codes, as well as definitions and examples, were used to develop the codebook
that served as a guide to help analyze the transcribed data from the workshops. The
codebook developed for this project defined and focused on a number of resilience themes
and sub-themes, drawn from an initial review of the literature: community capital, insti-
tutions, economy, and ecology (Table 2). These coded data provided valuable context on
why specific projects and project types were selected by the local stakeholders. During
the coding process, the research team also identified additional data-driven codes that
emerged from the raw data. Through this process, the research team was able to make
connections between the various ideas and concepts expressed by workshop participants
and tie the qualitative data outputs to the geographical outputs of the local knowledge
mapping workshops.
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Table 2. Themes and subthemes used by The Water Institute to code the qualitative data collected
from stakeholders in Lower Plaquemines Parish.

Theme Definition Sub-Themes

Community capital

The ability of community members and
stakeholders to see themselves as a part of

one interconnected system; to solve
problems of public concern; to remain

connected with their cultural heritage; to
solve problems using generational
knowledge; and to have a sense of

connection with the land that they live on.

Social Connectivity
Civic Involvement
Cultural Heritage
Place Attachment
Innovation

Institutions

The ability of organizations and
government to manage natural resources
while supporting local livelihoods. This
includes the use of social memory and
community perspectives during project

planning, modeling, and policy
development; this also includes

monitoring and maintaining existing
projects.

Adaptive management (AM)

• AM–Maintenance
• AM–Monitoring
• AM–Project Failure
• AM–Modeling
• AM–Cost Planning

Law and Policy
Political Partnerships
Community Inclusion
Trust

Economy

Characteristics of a community’s wealth
and resources, including costs and

revenue, food security, employment, or
the community’s ability to sustain

economic growth.

Restoration Costs
Natural Resource Dependency
Commerce
Food Security
Employment
Tax Revenue

Ecology
Characteristics of the surrounding

environment and its ability to absorb
disturbances.

Land Loss
Salinity
Flooding
Fisheries
Storm Surge
Ecosystem Services
Vegetation Loss

Infrastructure Critical infrastructure and project ideas for
protecting critical infrastructure.

Project Ideas

• Sediment diversion
• Terracing
• Ridge Restoration
• Canal Backfill
• Marsh Creation
• Earthen Levee
• Beneficial Use
• Siphon and Sediment Injection
• Barrier Islands/Headlands

Restoration
• Seawall
• Hydraulic Restoration

Critical Infrastructure

• Oil and Gas Facilities
• Coal Facilities
• Navigable River Channels
• Protective Harbors
• Historical Sites
• Levees
• Roadways
• Population Centers
• Military Bases

3.3. Geospatial Analysis

The team also transformed the hand-mapped features and annotations created by
participants into a digital format by scanning the paper map outputs and georeferencing
them in a geographic information system (GIS), using ArcGIS Pro version 2.3. The research
team then digitized the project’s footprint and created unique feature classes for each
project. All three types of general GIS feature classifications (point, line, and polygon)
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were required, based on the range of projects derived by the stakeholder groups. Each
of the digitized features was classified, according to the type of nature-based defense,
and assigned a unique identifier based on the location and type of project. Data derived
from the worksheets were also entered into the GIS data tables and used to provide
additional classification data for each project. All digitized projects were packaged in a
geodatabase. Engineers and ecologists from the research team analyzed historical and
present-day landscape features, to refine the generalized project footprints and adapt them
to the landscape, and then assigned geographically appropriate attributes to each project.
This assignment of project attributes was a vital step to assure data compatibility with the
existing numerical models used by the state. The final project footprints and attributes
were reviewed and edited by the full stakeholder group during a second workshop, held
on 26 February 2019.

4. Results

The final output of this project was a co-developed integrated coastal restoration plan
for Lower Plaquemines Parish that was submitted to the State of Louisiana for consideration,
to be modeled as part of the state’s 2023 Coastal Master Plan. The residents and local
stakeholders who took part in the process ultimately designed a suite of interconnected
coastal restoration projects that would maximize their ability to build land and protect
the residents, their cultures, and their economy, including critical infrastructure. Some of
the specific physical and social co-benefits and outputs of this plan, as identified by the
stakeholders, included the ability to:

• Rebuild habitats and reduce vegetation loss;
• Help control hydrology and prevent salinity intrusion while creating salinity control

zones that protect and enhance estuarine fisheries and oyster reefs;
• Provide storm surge protection and land building benefits for the community, infras-

tructure, natural resources, and ecotourism;
• Improve the quality of life, maintain estuarine longevity, maintain wildlife populations,

and protect infrastructure.

The ability of the plan and its constituent projects (Table 3) to derive these clearly
measurable physical and social outputs is one measure of project success or failure. Yet
these outputs alone do not address the ultimate impact of the plan on the residents and
communities of Lower Plaquemines Parish. To comprehend the potential outcomes of this
plan requires a deeper understanding of how project outputs will lead to increasing social
value and can enhance community resilience.

Table 3. Project specifications, determined by The Water Institute, for the integrated project portfolio
identified by stakeholders in Lower Plaquemines Parish.

Location Siphon & Sediment Injection Marsh Creation Terraces Ridge Restoration

Northwest of
Alliance

Project ID: LP_SI_001a
Type: Sediment injection into existing siphon

Length (ft): 1494
Width (ft):55

Existing Marsh None None

West of Ironton

Project ID: LP_SD_001a
Type: Siphon & Sediment Injection

Length (ft): 11,119
Width (ft):55

Project ID:
LP_MC_006a

Created Acres: 8263
Length (ft): 7286
Width (ft): 6408
Borrow Source:

LP_SI_001b

Project ID:
LP_MC_006b

Created Acres: 15
Length (ft): 5900
Width (ft): 30–50
Borrow Source:

Unidentified

Project ID: LP_RR_004a
Created Acres: 28
Length (ft): 60,521

Width (ft): 25
Ridge Elevation (ft): 5

Borrow Source:
Unidentified
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Table 3. Cont.

Location Siphon & Sediment Injection Marsh Creation Terraces Ridge Restoration

East of Phoenix

Project ID: LP_SD_001b
Type: Siphon & Sediment Injection

Length (ft): 6513
Width (ft): 55

Project ID:
LP_MC_006c

Created Acres: 1800
Length (ft): 3746
Width (ft): 3490
Borrow Source:

LP_SI_001c

Project ID:
LP_MC_006d

Created Acres: 10
Length (ft): 3810
Width (ft): 30–50
Borrow Source:

Unidentified

None

West Bank from
International

Marine Terminals
to North of

Pointe à la Hache

Project ID: LP_SD_001c
Type: Siphon & Sediment Injection

Length (ft): 2419
Width (ft): 55

Project ID:
LP_MC_006e

Created Acres: 4825
Length (ft): 6965
Width (ft): 4046
Borrow Source:

LP_SI_001d

None

Project ID: LP_RR_003
Created Acres: 13.5
Length (ft): 29,092

Width (ft): 20
Ridge Elevation (ft): 5

Borrow Source:
LP_BU_007

West Pointe à la
Hache

Project ID: LP_SI_001e
Type: Siphon & Sediment Injection

Length (ft): 1729
Width (ft): 55

Project ID:
LP_MC_011a

Created Acres: 12,425
Length (ft): 11,730

Width (ft): 6817
Borrow Source:

LP_SI_001e

None

Project ID: LP_RR_010
Created Acres: 24
Length (ft): 51,770

Width (ft): 20
Ridge Elevation (ft): 5

Borrow Source:
LP_BU_007

East Bank near
Port Sulphur

Project ID: LP_SI_001f
Type: Siphon & Sediment Injection

Length (ft): 4674
Width (ft): 55

Project ID:
LP_MC_011b

Created Acres: 2625
Length (ft): 4640
Width (ft): 3493
Borrow Source:

LP_SI_001f

None

Project ID: LP_RR_009a
Created Acres: 24
Length (ft): 51,434

Width (ft): 20
Ridge Elevation (ft): 5

Borrow Source:
LP_BU_009

Northeast of
Empire

Project ID: LP_SI_001g
Type: Siphon & Sediment Injection

Length (ft): 22,560
Width (ft): 55

Project ID:
LP_MC_005 (a,c)

Created Acres: 775;
475

Length (ft): 2418;
2052

Width (ft): 1777; 1158
Borrow Source:

LP_SI_001g

Project ID:
LP_MC_005 (b,d)

Created Acres: 10; 25
Length (ft):3895; 9433

Width (ft): 30–50
Borrow Source:

LP_BU_010

None

West Bank of
Empire and

Buras

Project ID:
LP_SD_001d

Length (ft): 2533
Width (ft): 55

Project ID:
LP_SD_001e

Length (ft): 1932
Width (ft): 55

Project ID:
LP_MC_006f

Created Acres: 9400
Length (ft): 18,763

Width (ft): 4691
Borrow Source:

LP_SI_001h,
LP_SI_001i

Project ID:
LP_MC_006g

Created Acres: 20
Length (ft): 7480
Width (ft): 30–50
Borrow Source:

LP_BU_010

Project ID: LP_RR_009b
Created Acres: 14
Length (ft): 29,454

Width (ft): 20
Ridge Elevation (ft): 5

Borrow Source:
LP_BU_009

South of Buras None

Project ID:
LP_MC_020

Created Acres: 3425
Length (ft): avg 2080
Width (ft): avg 1016

Borrow Source:
Unidentified

None

Project ID: LP_RR_004b
Created Acres: 11
Length (ft): 23,908

Width (ft): 20
Ridge Elevation (ft): 5

Borrow Source:
LP_BU_003

East Bank at
Buras

Project ID: LP_SI_001j
Type: Siphon & Sediment Injection

Length (ft): 8961
Width (ft): 55

Project ID:
LP_MC_005g

Created Acres: 3525
Length (ft): 7746
Width (ft): 3167
Borrow Source:

LP_SI_001j

Project ID:
LP_MC_005f

Created Acres: 30
Length (ft): 10,540
Width (ft): 30–50
Borrow Source:

LP_BU_010

None
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Table 3. Cont.

Location Siphon & Sediment Injection Marsh Creation Terraces Ridge Restoration

West Bank from
Triumph to

Venice

Project ID:
LP_SD_001f

Length (ft): 2693
Width (ft): 55

Project ID:
LP_SD_001g

Length (ft): 2437
Width (ft): 55

Project ID:
LP_MC_006h

Created Acres: 6500
Length (ft): 5254
Width (ft): 12,525

Borrow Source:
LP_SI_001k,
LP_SI_001l

Project ID:
LP_MC_006i

Created Acres: 20
Length (ft): 6630
Width (ft): 30–50
Borrow Source:

LP_BU_003

None

Marsh Creation
from East Bank
between Buras

and Venice

Project ID: LP_MC_005e; Created Acres: 20,025; Length (ft): 21,508; Width (ft): 8040; Borrow Source: LP_BU_003

Marsh Creation
South of Venice

Project ID: LP_MC_016; Created Acres: 4050; Length (ft): 5318; Width (ft): 3959; Borrow Source: LP_BU_004
Project ID: LP_MC_017; Created Acres: 1225; Length (ft): 3727; Width (ft): 2592; Borrow Source: LP_BU_005

4.1. Dimensions of Vulnerability and Resilience

The organization of these workshops was specifically designed to acknowledge the
value of the knowledge possessed by community members and create a venue for an open
and honest dialogue around coastal protection and restoration planning. This dialogue was
structured to provide insight into local and regional factors that have not been included
in previous coastal planning efforts. After identifying community risks and hazards,
workshop participants were asked to discuss the various aspects that make the region
more resilient in the eyes of residents and identify key places of value. Participants were
explicitly not constrained by any single definition of value and, as a result, a wide range
of places was identified that variously had social, cultural, historical, and economic value
to the community. The qualitative data derived from the group conversations were used
to derive a set of variables that more fully capture the local dynamics of the natural and
human systems in Plaquemines Parish. Utilizing the theory-driven codes developed for this
research, the participants’ perspectives were organized according to four main dimensions
of vulnerability and resilience: community capital, economy, ecology, and institutions. One
additional data-driven code emerged through the analysis and that was the need for the
monitoring and adaptive management of all planned and existing protection and restoration
projects. The influence of each of the five dimensions and the degree to which the integrated
restoration plan directly addresses them were found to either pull a community’s adaptive
capacity toward resilience or make it more vulnerable to a negative future outcome [62].
While the research team fully recognizes that the terms “vulnerability” and “resilience” are
not necessarily inversely related in the scientific literature, field-testing during stakeholder
engagement activities indicates that this terminology is the most effective and easy wording
for non-scientists to understand [61].

4.1.1. Preserving Social and Cultural Capital

Qualitative data analysis revealed that social and cultural capital is one of the key
aspects that makes this region resilient (Figure 4). Workshop participants continuously
noted that there was a strong sense of place and community in Lower Plaquemines Parish
and that any restoration plans need to account for those regionally unique cultural factors.
The participants strongly believe that any coastal restoration plan needs to allow residents
to remain connected to their cultural heritage, generational knowledge, and the land that
they live on. According to one local shrimper, “Why would I want to leave my home? I
could have left after Katrina. That would have been very easy for me to do, but I didn’t do
it . . . I don’t want to leave my home. Shouldn’t have to”. This theme includes the ability
of residents to remain connected to their cultural heritage, generational knowledge, and
the land that they live on. As noted by one resident, “Everyone in the parish makes use of
these areas. People are going out on their time away from work, their vacation time, their
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hunting, their fishing, their recreation, the boating, just enjoying the area, it’s everybody’s”.
This theme also includes the community’s ability to solve their issues by seeing themselves
as a part of one interconnected system. This includes not only social connectivity but also
a connectivity to the land and the region’s abundant natural resources. According to one
Indigenous resident, “I don’t think that we can actually do this piecemeal—this is a system,
and we have to protect this system. You can’t just say I’m going to pick up this and let
this go, because it’s all interconnected. When we talk about areas of importance. We have
to look at when projects are being designed, it has to be multiples, it can’t be one thing
here and one thing there”. Despite the importance of this strong attachment to place, some
residents see this attachment fading as the state’s coastal crisis worsens. There is a feeling
among these residents that the region is not seen as a high priority for coastal planners.
As one oysterman put it, “The problem is that there is a contingent of people that want to
give up on this. They say this is not worth protecting. They’re going to protect the river,
or they’ll put another channel in, but as far as the communities—people say this is not
worth protecting”.

Figure 4. Local social and cultural capital resilience factors, identified by workshop participants in
Belle Chasse, Louisiana.

4.1.2. Enhancing the Local Economy

Workshop participants expressed the view that the economy of Lower Plaquemines
Parish was far more vulnerable than it is resilient; they felt strongly that the resultant
plan should support the local economy (Figure 5). Analysis of the qualitative data found
a number of themes tied to the economy of the region, including the characteristics of
community wealth and resources, food security, employment, and the ability to sustain
economic growth. Most workshop participants recognized that commerce, including oil
and gas, navigation, and fisheries, were a key strength of the region. However, most
participants realized that the continued success of these industries was intimately tied to
coastal protection and restoration efforts. As noted by one river navigation expert, referring
to the primary shipping channel, “Losing Southwest Pass is a huge threat. [A] 735-billion-
dollar annual impact on the nation’s economy, right through there”. While many residents
expressed the need to protect critical industrial infrastructure and maintain the navigability
of the Mississippi River for commerce, others noted that impacts to many of the smaller
river channels could have devastating impacts on the oyster and shrimp fisheries in the
region. The impacts noted by fishermen include the siltation of many of the river passes



Sustainability 2022, 14, 2974 15 of 24

that fishing vessels and crew boats use to access the fishing grounds and oyster leases. As
one oysterman noted, “This is all a productive oyster area right here [pointing at map].
This [area] used to be and this used to be, right here. This is wiped out right now because of
a crevasse. These are historical oyster reefs that are irreplaceable”. Workshop participants
highlighted that to maintain regional economies and enhance community resilience, coastal
protection, and restoration plans must include means of maintaining the navigability of
key channels while protecting critical infrastructure and coastal oyster and shrimp fisheries.
There was also a realistic recognition that there are costs and tradeoffs associated with
coastal protection and restoration, including future maintenance costs. As noted by one
oil and gas industry worker, rising water, combined with land subsidence, are ongoing
issues that must be accounted for. “We’ll be lifting levees forever, but the funding sources
are . . . You need to know 5 or 10 years out whether or not you can find the money to get
that levee lifted”.

Figure 5. Local economic resilience factors, identified by workshop participants in Belle Chasse,
Louisiana.

4.1.3. Protecting Regional Ecology

Workshop participants expressed the view that the natural ecology of Plaquemines
Parish is extremely vulnerable to a wide range of environmental and climate-related hazards
that can dramatically impact the landscape and its ability to absorb disturbances (Figure 6).
This concern was noted across the full range of stakeholder groups represented in the
workshop group. One parish coastal restoration professional noted that a combination of
higher Mississippi River water levels and the constriction of the channel is exacerbating
many of the problems that the parish has traditionally faced, particularly when it comes
to flooding. “We have a 15-knot river now, instead of a 3-knot river. The power of the
river is being harnessed into a hose. That delta should be 30 miles wide for when that river
floods”. One Indigenous tribe member observed that this increased flooding has led to
deleterious effects on the coastal ecology, leading to even more flooding, noting that the
flooding “has been exacerbated because of a lot of the canals that have allowed salt water
to intrude, kill off vegetation, the water comes in and the timelines have accelerated”. A
local oysterman added, “On any number of places, on the back levee, on the south side,
you can see water. We should have at least a solid mile of 4- to 5-foot-high grass and willow
trees”. These ecological changes have led to a reduction in the level of ecosystem services
that the landscape has traditionally provided. As one oil and gas representative stated,
“I was down there last week. This is at 1-foot elevation [points at map]. The potential
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for storm surge and the threats of the sinking land. Also, the surging water from storms
is off the charts from my business continuity perspective”. When exploring options for
coastal protection and restoration, workshop participants stated that enhancing ecosystem
service benefits must be an essential component. When discussing restoration options,
a parish councilperson noted that “there’s several ridges that are still somewhat intact
that could be used as a storm surge buffer and for somewhat upland habitat in the basins.
Making sure those are kept at elevation is crucial”. They also recognized that any changes
to the landscape have the potential for long-term effects on critical habitats. A local fisher
observed that “water mixes in here, it comes in, it’s mixed. The winds and the currents flow
this way from the river. But when we’re putting water on the inside, we have to contain it
so that the fresh water doesn’t affect our fishing areas, our shrimp. An important thing for
fisheries is seasonal spawning. That’s critical to survival”.

Figure 6. Local ecological resilience factors, identified by workshop participants in Belle Chasse,
Louisiana.

4.1.4. Building Strong and Responsive Governmental Institutions

This theme refers to the ability of organizations and governmental entities to manage
the parish’s natural resources while supporting local livelihoods, engage with the commu-
nity, utilize science in adaptive management, and increase the capacity of local institutions
(Figure 7). There was a broad opinion shared among residents and local stakeholders that
the success or failure of coastal protection and restoration projects and plans was contingent
on the degree to which local, state, and federal agencies coordinate. Most workshop partici-
pants felt that the parish’s relationship with the government, particularly at the state and
federal level, was strained and that this represented a significant vulnerability. According
to one parish councilperson, “There’s a threat from bureaucratic inefficiencies. For instance,
agencies aren’t communicating well enough. They’re not responding to the level of the
threat in the most timely way. It’s an emergency for me down in Plaquemines but not
necessarily for our friends in Baton Rouge and DC”. Many workshop participants were
quick to point out that it is not always the fault of the agencies or the agency representatives,
but that the agencies are often constrained by the available legislation or policy frameworks.
A coastal advocate who took part in the workshops noted, for example, that the ability
of the Army Corps of Engineers to beneficially use dredged material is limited, noting
that “it’s not the Corps fault, it’s the legislation. The Corps’ legislation says they have to
place sediment at the cheapest place possible”. Despite recognizing that agencies have to
work within existing legislation, many residents have come to develop a distrust of the
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government. When it comes to coastal protection, and restoration in particular, this distrust
often extends to the coastal scientists and researchers working with the government. As
one resident noted, “All of these things that have been implemented so far have been
clouded with politics. The trust is not there to believe their science or their engineering
design, because we know that from past experience, everything that they’ve done has
always been—like follow the dollar. The consideration of the communities in place has not
been primary”.

Figure 7. Local institutional resilience factors, identified by workshop participants in Belle Chasse,
Louisiana.

4.1.5. Maximizing Outcomes through Adaptive Management

Aspects of adaptive management were mentioned by participants throughout the
workshops as key components for the success of any restoration effort, regardless of project
type or scale. In many instances, adaptive management was directly tied to the role of
governmental institutions in Lower Plaquemines Parish and was therefore included as
a sub-theme of that category. However, other aspects of adaptive management went
above and beyond specific governmental roles. One example of this was the need for
more effective project monitoring. One coastal advocate noted that it was vital for coastal
scientists and planners to continuously monitor the outcomes of restoration projects, and
adjust the projects as necessary to address unintended impacts, stating that “my biggest
complaint with the [planned sediment] diversions is they’re not capturing all these costs,
they’re not capturing the costs of induced shoaling, they’re not capturing the costs of
induced flood risks, they’re not capturing the costs of double handling the material”. In
addition to monitoring impacts, enhanced project monitoring is also needed to assure
the longevity of coastal protection and restoration projects. As noted by one oil and gas
industry representative, “I think that it would be important for the Parish to know how
much subsidence has occurred along the levees, to allow you to have some idea of when
you’re going to have to go back and lift there, whether it’s 5 years from now or 10 years
from now, so you can begin preparing for it”. One important aspect of monitoring is the
collection of scientific data and the continued used of advanced numerical models. As one
coastal researcher noted, “whatever you build along the shore, you need to model current
and sediment drift” to assess the impacts of this construction.

One final theme that emerged from the workshops, related to adaptive management
was that in addition to collecting quantitative data and model outputs, coastal scientists and
planners should tap into the local and traditional ecological knowledge of local residents
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when assessing the effectiveness of protection and restoration efforts. As several residents
noted, this is an area that a lot of governmental agencies struggle with. According to a
river navigation pilot, “one of the things that the Corps points out is that they’re losing the
flow in all these little cuts [pointing at map]. We’re not scouring out as Southwest pass is
designed. We’re trying to figure out how to do it without shooting anybody in the foot”.
Workshop participants noted that their local knowledge of the environment is an important
resource that should be tapped into. This local knowledge was exemplified by a shrimper
who discussed a failed ridge restoration project. “They built a ridge here [points at map]
but it’s wide open to the gulf. It’s probably a mile and a half wide. Right here, too . . . They
ran short. They should have kept going another mile, all the way to Red Pass. This is from
Red Pass, right here, to Sandy Point. And this is Sandy Point to Empire Canal . . . My point
is that it needs to be closed up—the ridge in the bayou, and it’s not . . . ”.

4.2. Co-Development of an Integrated Coastal Restoration Plan for Lower Plaquemines Parish

The results of the first workshop revealed that participants believed that natural and
nature-based solutions would maximize the co-benefits of coastal restoration in the region.
The restoration projects suggested by stakeholders were largely intended to ameliorate the
impacts of some of the historical alterations that have been made to the landscape during
the latter half of the twentieth century. Marsh creation projects were the most frequently
mentioned natural and nature-based solution, followed by ridge restoration projects and
the use of siphons and sediment injection systems to build land and support existing marsh
projects (Figure 8). The results of the local knowledge mapping exercises allowed the
research team to identify the specific locations that the residents felt would best support
these solutions while optimizing the ability of the projects to generate ecosystem services.

Figure 8. Natural and nature-based solutions, identified by workshop participants in Belle Chasse,
Louisiana, to maximize the co-benefits of coastal restoration in the region.

The initial results of the geospatial assessment were presented to the group during
workshop #2, held on 26 February 2019. The purpose of that workshop was to review
and refine the project footprints with the same group of residents and local stakeholders,
to assure that the research team accurately represented the intentions of the workshop
participants. Following the project refinement phase, the research team intended to work
with the group to rank and prioritize the final list of projects. While workshop participants
were able to come to a consensus on the refining of the project footprints, it quickly
became apparent that the final list of projects, as presented, did not accurately reflect the
participants’ expressed desire for a more transformative, systematic approach to coastal
protection and restoration. In asking residents to rank and prioritize a final list of projects,
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even if the development of that list was a collaborative process, the research team was
largely following a piecemeal approach that typified past restoration planning efforts [29].

Following the objectives of the workshop participants, the research team abandoned
the project prioritization task and instead worked with workshop participants to identify
natural linkages between projects and develop a single interconnected, landscape-scale
synthesis project plan rather than attempting to prioritize the selection of a final project
or group of projects. This updated approach took advantage of the local and traditional
ecological knowledge of residents and stakeholders to identify the synergistic interactions
among different project types, to maximize social and ecological co-benefits. A map of the
Lower Plaquemines Parish (Figure 9) shows the final group of proposed marsh creation,
ridge restoration, terrace restoration, siphon, and sediment injection locations.

Figure 9. Map of integrated projects (marsh creation, terracing, ridge restoration, siphons, sediment
injections, and potential borrow sources) generated by stakeholders from Lower Plaquemines Parish
to provide multiple benefits.

Stakeholders recommended that these features should be constructed using dredged
material from several sources that were identified during the workshop. In the final
project map, borrowing sources are identified and a six-mile buffer is drawn around them
to visualize which restoration projects are within the most cost-effective locations, as
identified by navigation and industry experts for this area. Utilizing dredged material from
key locations along the Lower Mississippi River will provide additional co-benefits for
state and local governments by enhancing navigation and river commerce. Mississippi
River navigation experts have provided key knowledge about where dredging can occur,
the cost of that dredging, and information on preventing the need to re-dredge in the future.
The newly created and existing marsh and ridges can be supplemented by using siphons,
potentially using sediment injection technologies, along the river. The proposed siphons
are supported by the stakeholders, who want to allow controlled freshwater and sediment
flow into the ecosystems, to help build and sustain land (reducing vegetative loss, restoring
marsh wetlands) with minimal impacts to riverine industries and estuarine fisheries. The
proposed marsh creation, terraces, and ridge restoration projects are aimed at working with
the siphons to maximize sediment retention.

The stakeholder group further recognized that, as these projects are implemented, it
will be necessary to account for the impacts of the proposed dredging and the use of siphons
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on river conditions, fish and shellfish, flood risk, and navigation. The local knowledge
experts taking part in the workshops suggested an operational regime that would minimize
the negative impacts of these projects on the region’s fisheries. Their recommendations
were very specific and highlighted the level of technical knowledge possessed by the
residents and local stakeholders. The group felt, for example, that the proposed siphons
should have a maximum flow of 2000 cubic feet per second (cfs) when the Mississippi River
discharge is at 750,000 cfs or higher, dropping in a linear function to zero cfs when the river
is at 300,000 cfs or lower. Local fisheries experts also felt that the operational regime of the
siphons should be planned so that they should run from 1 December to 30 April, with no
flow at all from May to November, which allows the estuary conditions to recover and the
fall oyster spat to set. These details highlight the level of local and traditional ecological
knowledge possessed by the workshop participants. This information was summarized
and included with the geospatial data as part of the final package submitted to the state of
Louisiana.

5. Discussion

On 1 March 2019, parish representatives, on behalf of the full stakeholder group who
took part in the meetings, submitted the final outputs of the local knowledge mapping
workshops to the CPRA for consideration in the 2023 Coastal Master Plan. The outputs
submitted to the state consisted of a brief narrative, maps, and a GIS database. These
outputs are typical of the primary currency of many of the numerical models that underlie
and support a large number of coastal planning processes. However, the means by which
these data were developed, and the resultant increased potential to generate transformative
community outcomes, represent a new way of conceptualizing the coastal planning process.
The integrated programmatic approach to coastal protection and restoration co-developed
through this process represents the vision of a broad group of stakeholders who live
and work in communities throughout Plaquemines Parish, many of whom rely upon the
ecosystem services provided by the landscape of the region for sustenance and wellbeing.
These stakeholders recognize that their region is becoming increasingly vulnerable, both
ecologically and economically. They also recognize that these vulnerabilities are becoming
worse, due in part to a lack of coordination and communication between local communi-
ties and federal and state agencies, particularly those tasked with coastal protection and
restoration. The local knowledge mapping process used here involved the active and direct
participation of residents and local stakeholders in project formulation and provided them
with a means to have their concerns heard and acknowledged by the state.

In October of 2019, one year after the release of the original solicitation, the parish
was informed that the suite of integrated projects developed through this collaborative
management design process would be modeled by the state, a necessary first step for
their consideration for inclusion in state’s 2023 Coastal Master Plan. The final Master Plan
projects are based upon the suite of projects that minimize coastal land loss (or maximizing
land retention) while also minimizing expected annual damages [33]. The types of social
values and co-benefits identified through this research are challenging to include within
this type of benefit-cost analysis.

This often leads to an inherent disconnect between the project design and planning
process used in this research and the decision criteria that are often used by decision-
makers. Coastal protection and restoration planning efforts, even those that are driven by
numerical modeling, are embedded with a specific set of values. By making these values
explicit, this research actively encouraged residents and local stakeholders to design a suite
of projects that, by their very nature, support local values and concerns. However, these
values and concerns become secondary when the outputs of a co-design process, such as
the one employed here, are used as inputs to a process based on socioeconomically neutral,
physical science-driven numerical models and a small number of decision metrics [29]. In
this case, there are specific overlaps between the primary goals of the Coastal Master Plan
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and many of the goals of workshop participants specifically related to the ability of the
proposed projects to build land and reduce damage from future storms.

This is not meant to downplay the significance of collaborative management in coastal
protection and restoration planning. Indeed, for coastal protection and restoration to be
successful in building sustainable and resilient communities, contextual issues related to
social, economic, and institutional structures must be addressed in the project planning
process. Giving residents and local stakeholders a voice in developing projects that will
directly impact them represents a vital step toward a more inclusive coastal planning
process, one that fully incorporates the issues of community resilience and social value.

6. Conclusions

The collaborative management of coastal restoration planning is an effective way for
scientists and local communities to develop plans that maximize the social and environmen-
tal co-benefits of coastal projects. This project provides an example of how a community
worked directly with scientists to co-design an integrated coastal restoration plan with the
potential to both restore ecological health and build community resilience. Through this
process, residents were able to directly contribute information regarding coastal restora-
tion planning within their own communities. Furthermore, providing local stakeholders
with direct access to scientists and other technical knowledge experts allowed their local
knowledge to be translated into data products that could be more readily ingested into
numerical models and other physical science- and engineering-driven planning tools. This
co-development approach was intentionally interactive and iterative, creating a venue for
open dialogue between residents, scientists, engineers, and resource users, where no one
source of knowledge was given primacy over another. A key outcome was the recognition
that proposed projects should be considered as interacting clusters rather than as a long
list of isolated projects. Integrating local knowledge with accumulated technical scientific
knowledge in this way allows the outputs developed to reflect the interests and values of
the community while also meeting the stringent technical guidelines established by state
planning agencies.
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