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Port Fourchon is a vital staging area for Gulf of Mexico energy production and is
strategically located in the Barataria-Terrebonne Estuary System, a biologically
and economically productive ecosystem bounded by the Atchafalaya and
Mississippi Rivers. This is also one of the most fragile and rapidly evolving
landscapes in the United States, making the port and surrounding communities
highly vulnerable to natural hazards and the impacts of climate change. Building
resilience to climate-based disruptions is vital to Port Fourchon and other
businesses operating in this dynamic landscape. The port plans to deepen its
channel to 50 feet (15 m) to service larger vessels, generating millions of cubic
yards of sediment and seeks to beneficially utilize this sediment to develop natural
and nature-based solutions to help prepare for future challenges. To accomplish
this goal, an Environmental Competency Group consisting of residents, coastal
scientists, and key stakeholders was convened to co-develop and evaluate a series
of marsh creation projects utilizing this sediment that will maximize social and
ecological co-benefits and enhance the resilience of Port Fourchon and the
surrounding communities. The group utilized participatory modeling and social
return on investment methods to model long-term changes to the landscape and
wetland vegetation communities resulting from the co-developed restoration
strategies and assess the social value of these strategies. Residents who live and
work around Port Fourchon were included in all stages of this research, including
development and prioritization of potential restoration areas, identifying
important physical and ecological parameters that should be modeled,
evaluation of model results, and assessment of the social values expected to
be generated by each restoration alternative under consideration. The
transdisciplinary approach used in this research highlights the effectiveness of
a community-informed, systematic approach to coastal restoration planning in

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1105671/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2023.1105671&domain=pdf&date_stamp=2023-02-23
mailto:shemmerling@thewaterinstitute.org
mailto:shemmerling@thewaterinstitute.org
https://doi.org/10.3389/fenvs.2023.1105671
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2023.1105671

Hemmerling et al.

10.3389/fenvs.2023.1105671

building community resilience and ecosystem sustainability. This study provides
approaches and tools that can be adapted for use elsewhere to develop holistic
solutions that maximize the social, ecological, and economic co-benefits of coastal

restoration.

KEYWORDS

participatory modeling, social return of investment, beneficial use of dredged material,
natural and nature-based features, coastal restoration planning

1 Introduction

Nearly one-third of the United States population lives in coastal
counties and this number has been rapidly increasing over the past
several decades. Between 1960 and 2008, the population of coastal
counties along the Gulf of Mexico alone increased by nearly
150 percent, more than twice the rate of increase of the nation’s
population as a whole (Wilson and Fischetti, 2010). Much of this
population is heavily dependent upon a range of natural resources
found in the coastal zone for their physical and social wellbeing
(Hemmerling et al., 2020c). The state’s coastal zone contains
approximately 37% of all estuarine marshes in the contiguous
United States
including water regulation, recreation, fisheries production,

which provide valuable ecosystem services
carbon sequestration, wave attenuation, and surge reduction
(Visser et al., 2012; Batker et al., 2014; Couvillion et al., 2017).

Louisiana is also largely a working coast, with many of its
residents relying on the abundant renewable and non-renewable
natural resources of the coast for their economic wellbeing. Of the
five Gulf of Mexico states, Louisiana has the greatest proportion of
coastal employment, with nearly 34 percent of its workforce residing
in coastal counties (Adams et al., 2004).A large portion of this
employment centers on specific coastal economy sectors, including
oil and gas production, commercial and recreational fisheries,
marine construction, ship and boatbuilding, tourism and
recreation, and marine transportation (Kildow et al., 2014).

More than any other industry, the development of the offshore
oil and gas sector has had a tremendous impact on the economic
landscape of coastal Louisiana. According to the U.S. Energy
Information Administration, Federal waters within the Gulf of
Mexico accounts for 15% of total crude oil production and 5% of
total consumer-grade natural gas production (U.S. Energy
Information Administration, 2022). Coastal Louisiana processes a
significant portion of the oil and gas extracted in the Gulf of Mexico
and houses infrastructure necessary to support the drilling, shipping,
refining and processing of the extracted product (Davis and Place,
1983; Boesch and Rabalais, 1987). The upstream and downstream oil
and gas sector directly employs nearly 65,000 workers throughout
Louisiana and for every one new job created in these fields, an
additional 3.4 jobs are created in other sectors of the Louisiana
economy (Scott, 2014).

While it does not employ as many workers as the oil and gas
sector, Louisiana’s fisheries support both commercial and charter
fishing industries and are a dominant economic driver in many
coastal communities. Approximately 20% of all commercial fish and
shellfish landings in the United States occur in Louisiana (Barataria-
Terrebonne National Estuary Program, 2018). The ecosystems of the

Barataria-Terrebonne Basin supports several species of commercial
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importance such as brown and white shrimp, oysters, and specked
trout (Stanley and Sellers, 1986; Patillo et al., 1997; Pattillo et al.,
1997; Hijuelos et al., 2017). In 2017, approximately 12.4 million
pounds of seafood valued at $13.7 million was landed from Barataria
Basin consisting of blue crab, shrimp, oysters, saltwater fish, and
freshwater fish (Louisiana Department of Wildlife and Fisheries,
2020). Marine sport fishing also represents an important source of
jobs and earnings for many coastal communities. The economic
impacts of recreational fishing in Louisiana exceeds $757 million
annually and creates nearly eight thousand jobs (McKinney, 2011).

Like other coastal areas around the globe, Louisiana’s coastal
zone is becoming increasingly hazardous for coastal residents and
workers. Levels of sea level rise, sea surface temperature rise, storm
surges, saltwater intrusion, and coastal erosion are increasing and
the impacts of tropical storm event coastal communities are
becoming more severe. The impacts of coastal hazards events are
often compounded by past and present patterns of unsustainable
development that have degraded coastal ecosystems and increased
social vulnerability (Tu et al., 2022). Louisiana’s coast lost more than
4,800 square kilometers of land from 1932 to 2016, due to a
combination of factors, including the effects of climate change,
sea level rise, subsidence, hurricanes, storm surges, disconnection
of the Mississippi River from coastal marshes, and human impact.
From 2004 through 2008 alone, more than 300 square miles of
marshland were lost to Hurricanes Katrina, Rita, Gustav, and Ike
(Couvillion et al., 2017). Without additional coastal protection and
restoration actions, state agencies estimate that anywhere from
1,942 to 6,635 more square kilometers of land could be lost over
the next half century (Louisiana Coastal Protection and Restoration
Authority, 2017).

Living and working in such a dynamic coastal landscape requires
resilience to disruptions based on adaptive, innovative approaches
informed by reliable science. Resilience can be broadly
conceptualized as a community’s ability to recover to a
comparable functional state after an event that disrupts
relationships among people and the environment that they
inhabit (Colten et al, 2018). Key to this is the development of
coastal protection and restoration strategies that enable a
community to persist, even if modified, over time. In natural
resource-dependent communities such as those found in coastal
Louisiana, resilience is often tied to the ability of residents to pursue
natural resources in alternate areas or to shift the object of natural
resource collection (Colten et al., 2012).

Historically, there has been extensive human intervention to
attempt to counter the impacts of climate change and protect
Louisiana’s coastal communities and infrastructure (Boesch,
2020). Many of these interventions, such as the construction of

the lower Mississippi River flood protection system after the Great
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Mississippi  River Flood of 1927, have had the unintended
consequence of altering natural coastal processes and hastening
the loss of wetlands. As a result, there is an increasing recognition
that future protection and restoration options need to include a
number of natural and nature-based options. Due to the high rates
ofland loss, as well as the high rates of land subsidence, nature-based
approaches are likely to be the most effective for increasing
resilience resource-

Such
approaches include building marshes, marsh terraces, and ridges

community and protection in many

dependent communities in Louisiana’s coastal zone.
as well as other methods that increase the intactness of the local
ecosystem to maximize ecosystem benefits. These approaches are
often necessary in coastal and deltaic environments where hard
infrastructure solutions are likely to be impractical or cost

prohibitive.

1.1 Transdisciplinary coastal protection and
restoration planning

In this study, the Water Institute of the Gulf (the Institute)
developed a transdisciplinary approach to coastal restoration
planning designed to build community resilience for the
communities around Port Fourchon, Louisiana. Port Fourchon,
an oil and gas service facility located at the southernmost edge of
Lafourche Parish, where Bayou Lafourche enters the Gulf of Mexico,
is a critically important hub for many of Louisiana’s coastal
economy sectors. The region around Port Fourchon is home to
several coastal communities, high-value critical infrastructure
supporting the oil and gas industry, and ecosystems that support
fisheries and other ecosystem services. Given the port’s location, it is
particularly vulnerable to tropical storm events, subsidence, sea level
rise, and increasing temperatures (Day et al.,, 2000; Scavia et al,
2002). The 2020 and 2021 hurricane seasons brought multiple
impacts to Port Fourchon and the surrounding areas, including
hurricanes Zeta and Ida which both made landfall in the immediate
vicinity of Port Fourchon.

Port Fourchon plans to deepen its channels and slips to service
larger vessels and seeks to use the resultant dredge material to
construct natural and nature-based solutions that will generate
multiple co-benefits for the Port, nearby communities, and the
regional ecology. This dredging project will initially generate
between 13 and 20 million cubic yards of uncontaminated
material as well as a smaller, more continuous supply from
maintenance dredging (GIS Engineering, LLC, 2018; U.S. Army
Corps of Engineers, New Orleans District, 2021). The amount of
sediment produced by the dredging activities, and thus the number
of different solutions that can be constructed, ranges widely. With
the large quantity of sediment that will be available, the possibilities
for what to build, how to build, and where to build are numerous. In
addition to a full understanding of regional ecosystem dynamics, an
understanding of the social and cultural landscape surrounding Port
Fourchon is necessary to plan and select the most beneficial option
for dredge material placement.

Successful implementation of coastal protection and restoration
strategies that strive for resilience require that the accumulated local and
traditional knowledge of residents and local stakeholders be taken into
account at every stage of project planning (Martinez, 2021).
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Transdisciplinary research further requires the active participation of
scientists, policymakers, residents, and local stakeholders working
collaboratively throughout the entire research process, including the
co-design of the research and the co-production of knowledge (Newton
and Elliott, 2016). This collaborative approach contrasts with the more
traditional approach to research, where knowledge is often fragmented
by economic sector, region, administrative departments, and scientific
expertise (Tu et al., 2022). In the traditional approach, technical science-
based knowledge—including devices such as predictive models, risk
indicators, monitoring  instrumentation, ecosystem  services
calculations, and benefit cost analyses—is granted priority over local
experience-based knowledge, often leading to a disconnect between the
lived experience of residents and the outputs of the hydrological and
hydraulic science that underpins much of coastal management (Barra
et al., 2020).

The transdisciplinary approach utilized in this research, on the
other hand, brings individuals from different scientific disciplines
and from civil society together to actively collaborate in the co-
development a series of natural and nature-based solutions (Krueger
etal,, 2016). This approach requires local stakeholders and scientists
from diverse fields to work on the same problem, plan, and identify
solutions that fully integrate local and traditional knowledge with
physical and social scientific knowledge. This process adds
significant value by leveraging the approaches, knowledge, and
principles of the individual disciplines as well as the accumulated
local knowledge of residents and local stakeholders. By integrating
local knowledge experts into the scientific process, the results are
much more likely to be actionable than those developed through
traditional research (Bethel et al., 2014). This actionability highlights
a key aspect of transdisciplinary research: socially relevant issues,
rather than scientific disciplines, define the frame of inquiry
(Krueger et al, 2016). The social relevance of transdisciplinary
research requires a reconceptualization of public engagement and
the traditional role that the public plays in scientific research.

To allow for sustained engagement between residents and local
stakeholders from Port Fourchon and the surrounding communities
and coastal scientists and engineers, the Institute utilized an
environmental competency group (ECG) approach to participatory
modeling (Hemmerling et al., 2020a; Baustian et al., 2020; Meselhe et al.,
2020). While participatory modeling seeks to integrate scientific
knowledge with local knowledge using through use of numerical
models, the ECG approach seeks the co-production of knowledge
through a redistribution of expertise through the collective
investigation of problems (Landstrom et al, 2011). From the outset
of this project, the Institute team has adapted this methodology, directly
including industry and other coastal decision makers to develop a fully
transdisciplinary process that will result in the construction of a co-
developed coastal protection and restoration project. The ECG
approach allowed for active dialogue between local knowledge
experts and technical knowledge experts and ensured that both
sources of knowledge were included and valued throughout the
process modeling (Barra et al., 2020).

2 Materials and methods

Participatory modeling is a method of incorporating local
stakeholders, including residents, resource users, and decision
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makers, into a technical science-based numerical modeling process

to support formal decision-making involving complex
environmental questions. In the participatory modeling process,
stakeholders work directly with modelers and other technical
knowledge experts to identify the local environmental problems
to be addressed and then use modeling to develop and test solutions
and to inform the decision-making and actions of the group (Voinov
et al., 2018). The incorporation of local and traditional knowledge
into numerical models often leads to improved understanding of a
system’s interactions and behavior (Voinov and Gaddis, 2008) and
planning outputs that are more socially just and responsive to
community needs (Hemmerling et al., 2020b).

This research followed a structured, stepwise approach to
participatory modeling piloted in an earlier project organized by
the Institute (Hemmerling et al., 2020a; Barra et al., 2020; Baustian
et al,, 2020; Meselhe et al,, 2020) to identify the optimal utilization
and placement of dredge material. This approach involved
convening a series of facilitated ECG meetings with the outputs
of each meeting activity serving as inputs to subsequent meeting
activities. Adapting Maskrey et al, 2016, the ECG approach to
participatory modeling used for this research was structured into

four key stages.

Stage 1. A coupled stakeholder-led determination of a set of
objectives for enhancing the resilience of Port Fourchon and
surrounding communities and analysis of the local and
traditional knowledge of residents and local stakeholders
necessary to inform the modelling process;

Stage 2. The co-development of natural and nature-based
solutions representing the ECG’s shared understanding of the
local social and ecological environment and the interactions
between interventions and objectives within the study area;
Stage 3. The application of the Coastal Systems Modeling
Framework to explore and assess the impact that applying
different (and
combinations thereof) had on the objectives;

natural and  nature-based  solutions
State 4. A stakeholder-led social value assessment to assess the
impacts that applying different natural and nature-based
solutions (and combinations thereof) had on communities,

regional ecology, and wildlife and fisheries.

2.1 Convening the environmental
competency group and establishing
objectives

Engagement activities followed a methodology that has been
employed in Louisiana by the Institute before and adapted it for this
specific location and community. This methodology involved
forming a small group of community members and scientists
into an ECG that would work together over the course of several
meetings to review model inputs, develop model alternatives, and
review model results (Hemmerling et al., 2020a; Baustian et al,
2020). A snowball sampling method was employed to select local
knowledge experts for the ECG, in which recommendations are
solicited from the community and the most frequently mentioned
persons are asked to join the group (Bernard, 2017). Technical
knowledge experts for the ECG were selected from the Institute
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based upon their scientific knowledge of the area in and around Port
Fourchon. The final ECG membership included local landowners,
recreational and commercial fishermen, representatives from the
GLPC and its tenants, representatives from local government, and
the local Sea Grant representative, as well as modelers, geologists,
and ecologists from the Institute (Table 1). Recognizing that the
technical knowledge experts in the ECG were being paid by their
employers for their time taking part in the meetings, the local
knowledge experts were financially reimbursed for each meeting
they attended to appropriately acknowledge the value of the time
they spent working on the study and providing key data to build and
test the numerical models.

The first meeting took place on 18 February 2020, at the
headquarters of the GLPC in the town of Cutoff, LA. This
introductory meeting was focused on introducing the members
of the ECG to one another and discussing the goals of the study
with the group. This was also an opportunity for the technical
knowledge experts to introduce the group to the types of models that
would be developed through this process and what these models are
intended to measure. The suite of models presented to the group
included a landscape morphology model, a wetland carbon model, a
hydrodynamics model, and a storm impacts model. Examples of
model outputs for each of these models were presented to the
group. In addition to discussing the models to be developed, this
first meeting was also an opportunity for the local knowledge experts
to discuss the environmental changes that they have seen take place
in and around Port Fourchon. Several maps set up around the
meeting room served as discussion prompts for the ECG group
members.

In this first meeting, steps were taken towards developing a
common language and establishing that the knowledge possessed by
the technical knowledge experts was not going to be prioritized over
the local and traditional knowledge possessed by residents and local
stakeholders. It was also necessary to set specific expectations for
what can and cannot be accomplished given environmental and
economic constraints, including the potential type and magnitude of
projects that can be constructed using the limited amount of
The knowledge
communicated with the local knowledge experts about their prior

sediment  available. technical experts
modeling experience with similar project types across Louisiana.
Similarly, the local knowledge experts discussed their experiences
living and working and in the area around Port Fourchon. Building
an understanding of each group member’s individual background
and experience was important for the group to set reasonable
expectations for this participatory modeling effort.

In addition to introducing the group members to one another and
providing background on the project, the first ECG meeting provided
an opportunity for the full group to discuss the expected composition of
the dredged material, which is most likely to consist of cohesive fines
and organics, with sparse amounts of very-fine sand. Based on their
understanding of the expected properties of the dredge material, the
ECG collectively decided to limit proposed restoration project types to
wetland restoration and construction of intertidal habitat consisting of
marsh grasses and mangroves. The group agreed that the composition
of the dredge material would likely not be suitable for other project
types such as beach, dune, and ridge restoration. At the conclusion of
this first meeting, the ECG scheduled the second meeting for the
following month, March of 2020.
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TABLE 1 Stakeholders who participated in the ECG by type.

Number of
stakeholders

Stakeholder type

Modelers 2
Researchers (e.g., geologists, ecologists) 3
Community Service and Outreach 1
Conservation Organization 2
Education and Research 1
Local Business 1
Local Government 1
Local Landowner 4
Port Employee 1
Recreational User (hunting, fishing, birding, 2

boating, etc.)

2.2 Local knowledge mapping and
participatory modeling

Qualitative and geospatial data collection efforts centered
around a series of local knowledge mapping workshops and
subsequent participatory modeling activities. The outputs of these
engagement activities were analyzed both qualitatively and
quantitatively to translate workshop outputs into geospatial data
that could be incorporated into the numerical models that would be
used to assess the impacts of the proposed project, with the results
reviewed by the local and technical knowledge experts that comprise
the ECG.

Local knowledge mapping is an approach that aims to
encourage community member participation in sharing
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 (Curtis et al., 2018). This is
traditionally done in a face-to-face setting, using paper maps,
markers, and other physical materials. However, weeks after the
initial ECG meeting, the first case of COVID-19 was diagnosed in
Louisiana and by March of 2020, Louisiana had one of the world’s
highest average COVID-19 daily growth rates (Madhav et al,
2020). The state’s governor ordered that all non-essential
businesses be closed to the public and issued a stay-at-home
order for all residents. As a result, the remaining ECG meetings
were held virtually.

The second meeting, originally scheduled to take place in
March 2020, was delayed until May of that year as the technical
team worked to develop tools to conduct the local knowledge
mapping workshops virtually. The team ultimately adapted an
online survey software called Maptionnaire, an online public
participation GIS portal which allows users to interactively
mark-up maps in response to a number of survey questions
(Maptionnaire, 2020). The remaining ECG meetings and
participatory modeling activities were held virtually, utilizing a

combination of Zoom and the online public participation GIS
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portal. The planned second and third meetings were combined
into a single meeting comprised of two segments. During this
meeting, the technical team provided an overview of the mapping
portal and how to use it and well as the types of spatial data that
can be collected. Participants were provided with a link to the
mapping site to allow them to continue to add data to the maps on
their own.

The first segment provided participants with an overview of
progress to date as well as an update on modeling activities that
took place between meetings. This included a discussion of many
of the technical details related to the models, including mesh size,
different sea level rise scenarios, and the period of analysis. A
primary goal of this segment was to establish guidelines and set
limits on what the technical team was able to model using the
tools being developed.

The second segment of the second ECG meeting focused on the
different inputs to the model, including bathymetry, topography,
vegetation types, and storm impacts. The group was tasked with
reviewing the model inputs and to identify inaccuracies in the
datasets based upon the members’ local and traditional
knowledge of the landscape. Each of the model input datasets
were loaded into Maptionnaire, allowing ECG members to mark
up and annotate the datasets as necessary. During this segment,
using the Zoom breakout rooms function, the ECG divided into
smaller virtual breakout groups to engage individual group more
fully in deeper conversations and bring out greater details on the
data developed through the public participation GIS activities. The
breakout groups were organized such that each group had a
representative grouping of technical and local knowledge experts.
To optimize participant engagement. Breakout group roles were
assigned among the technical team members prior to the meeting. A
lead facilitator was tasked with guiding the discussion while a map
manager navigated the onscreen map in real time, focusing on
specific areas being discussed by the ECG. The map manager was
also responsible for drawing and annotating the points, lines, and
polygons for participants, if they were unable to do so themselves.

Once in the breakout groups, the Institute modeling team
presented maps of the model inputs (e.g., elevation maps,
vegetation maps) to the full ECG while facilitators guided the
conversation between the technical experts and local knowledge
experts in order to interrogate the accuracy of the model input
data more fully. All conversations were recorded with the
permission of the ECG members. This allowed the technical
knowledge experts to analyze the qualitative data outputs and
link these to the geospatial outputs. Following this meeting, the
technical team reviewed the resultant data outputs and adjusted
the model inputs as appropriate, providing detailed responses to
the full ECG (Table 2). This served dual purposes. First, the
process provided a valuable quality control check on the model
inputs, utilizing the local knowledge of those who are on the
ground every day. Secondly, this transparent process will enhance
confidence in the models within the community and trust in the
scientists that are developing them (Barra et al., 2020).

The third ECG meeting resulted in the co-development of a
series of natural and nature-based solutions that group members
felt would provide a balance of social, economic, and ecological
benefit to the region around Port Fourchon. The meeting again
had to take place virtually and began with a discussion of the
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TABLE 2 ECG review of model inputs.

ECG input
type

ECG input

10.3389/fenvs.2023.1105671

Modeling team response

Morphology Land has changed in areas surrounding the barrier islands We will update topobathy to account for this and to include some of the
other update features like the depth of the slips in the port, depth of a few
certain canals mentioned in the meeting

Topobathy does not show recent construction of a park within Port We will update topobathy to account for this and to include some of the

Fourchon other update features like the depth of the slips in the port, depth of a few
certain canals mentioned in the meeting

The topobathy map appears to show a shallow place within Port Fourchon = The models will be adjusted for the consistent depth

that participants confirmed has been dredged to a uniform 27 feet.

Bathymetry does not reflect many recent changes We are manually editing the DEM to include these updates as the datasets
we are using are only globally updated every 5-10 years

The topobathy map shows uneven depths around the port The models will be adjusted for the consistent depth

Last Island (directly south of Cocodrie) has been “washing out” really quickly | This location is at the edge of the model domain. This may be updated

the past few years depending on the location of the final project scenarios to be modeled

Can we include maintenance dredging as part of the production runs? How maintenance dredging is incorporated will be discussed in the next
internal modeling meeting

Hydrology The bayou ridges in the area are consistent and do not break until the east wet = We will verify that the model is representing this flow path

canal in Leeville. Generally, the bayous in the area are 10 feet deep but at that
crossing it is believed to be 40 feet deep
The east west canal in Leeville plays an important role in the hydrology of the | We will verify that the model is representing this flow path
area. Multiple participants agree fresh water traveling down Bayou Lafourche
is diverted east or west at Leeville, meaning everything traveling into
Barataria has to cross in Leeville
Participants expressed concern that Louisiana Highway 1 (LA 1) does not | The new elevated LA 1 is included in the surge model although it should not
appear on the elevation maps mentioning that it is a higher elevation that | be because it is on piles. The old LA 1 can be added to the representation in
surrounding land often acting as a buffer and channeling water and is the | the model using LIDAR elevations
most continuous elevation from Grand Isle to the Lafourche ridge
Ecology Participant mentioned there may be more mangroves than shown on the | We will review the vegetation map and update to assure that the mangrove

vegetation map, along LA 1 just south of Lake Laurier. This area is slightly
northeast of Port Fourchon north of Elmer’s Island

vegetation in this area is shown

Participants mention a space within Port Fourchon has been restored to
“thick marsh vegetation.” This is the same location east of the Flotation Canal
that many other participants mentioned has been restored and will not be

We will review the vegetation map and update to assure that the created
marsh in this area is shown

developed for industrial use

types of coastal restoration projects in that have historically been
constructed in the region. Following this, the group set about
designing a number of wetland restoration projects throughout
lower Lafourche Parish that the group felt would maximize social,
environmental, and ecological co-benefits. Both the types of
projects and locations of project that could be built were
discussed. As with the second meeting, the ECG divided into
smaller breakout groups with a representative sampling of local
and technical knowledge experts in each. In each breakout group,
community members and scientists were able to discuss their
concerns about different areas of the landscape with the modelers
so that, together, they could design potential solutions. Again,
using the public participation GIS portal, group members
collectively identified locations where sediment placement
might generate the most benefit and mapped out a series of
generalized project footprints that could be incorporated and
tested in the numerical models being developed for this project.
Group members all recognized that there are physical and
financial limits to what can be constructed given the amount
of sediment available.

Frontiers in Environmental Science

2.3 Developing the coastal system modeling
framework

Following this meeting, the technical team collaborated with
other engineers and ecologists from the Institute to refine the
generalized project footprints developed in the GIS portal and
adapt them to fit the landscape. The Institute assigned
geographically appropriate attributes to each project, which
assured data comparability with the numerical models being
developed by the team. As they were refining each project
footprint and fitting to the currently landscape, the modeling
team noted all changes made to the initial project footprints and
provided explanations and rationale for why these decisions were
made. The final footprints used in the modeling were provided to the
ECG group member prior to the subsequent social value assessment
phase of the research. This process again attempts to reinforce
confidence in the modeling and trust in the technical team, as well as
the outputs that the models are generating. As the modeling team
worked to refine the project footprints, Institute social scientists
transcribed and coded the audio from the third meeting, allowing
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FIGURE 1
Schematic of the coastal systems modeling framework.

the research team to link the desired outcomes of each proposed
project established by the ECG to the geospatial data derived from
the project footprints.

The final output of the participatory modeling phases of the
project was a GIS database consisting of fully attributed project
polygons developed and reviewed by the ECG. In total, 43 feasible
sites were identified through this process, consisting of wetland
creation and ridge restoration projects. Each project polygon was
developed with specific goals in mind, ranging from protection of
industrial infrastructure to protection of wildlife and fisheries
habitat, to recreational utilization. The ECG meetings were
additional
qualitative data analysis. Through this process, the goals and

recorded, transcribed, and coded to allow for
intentions detailed by ECG members during project development
were identified and tagged in the GIS.

Once the feasible projects were identified and mapped, the
modeling team worked to develop the framework that would be
used to efficiently make modeled projections of the ecosystem and
landscape around Port Fourchon to assess the effectiveness and
sustainability of each co-designed wetland restoration project over a
“Coastal Modeling
Framework” was constructed such that important processes were

30-year analysis period. This Systems
grouped into sub-models that can be run independently while
communicating through a reduced number of coupling points.
The modeling framework consists of four component models: the
Morphology Model, the Coastal Wetland Carbon Model, the
Hydrodynamics Model, and the Storm Impacts Model (Figure 1).
Each model is a combination of previously developed open-source
codes and purpose-built software designed at the Institute. Several of

the models employed in this research utilize the Delft3D FM
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modeling suite principally developed by Deltares. Delft3D FM
consists of tools to model the flow of water in coastal settings
(D-Flow FM), waves (D-Waves, which is based on the SWAN
model), and sediment transport and morphology (D-Morphology).

For this analysis, two modeling grids were employed when using
tools from Delft3D FM. The first, the “morph grid” is designed to
run more quickly and is used for computationally intensive
procedures within the Morphology Model. The second, the
“hydro grid,” has more grid cells and provides more spatial detail
but takes longer to run. Prior to running the models, the input files
were adjusted based on the data collected during the second ECG
meeting.

2.4 Calculating the social return on
investment of co-designed projects

The co-design process allowed the ECG to identify and delineate
the final set of project polygons and numerical modeling determined
the physical outputs of these proposed wetland restoration features
in terms of acres of land built and maintained, the tonnage of carbon
captured, and storm surge reduction. These project outputs do not
account for the types of social outcomes that may ultimately
determine the success or failure of the projects and their ability
to enhance community resilience. These methods do not allow for
an accounting of the social value that might accrue to local
stakeholder if the projects are implemented. To accomplish this,
the technical team used a modified Social Return on Investment
(SROI) framework to integrate community-based qualitative
research, ecological site assessments, and economic proxies to
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calculate the social value of candidate projects. SROI is a
performance measurement framework that directly accounts for
the broad concept of social value, a measure of change that is
relevant to people and organizations that experience it. Built upon a
combination of traditional cost-benefit analysis and social
accounting principles, the SROI process involves a systematic
analysis of the effects of projects or programs on communities of
interest and key stakeholders, with stakeholder input as part of the
data that are analyzed (Nielsen et al., 2021). SROI encompasses a
much broader concept of how change is created and valued, moving
beyond what can be captured in pure, market-based financial terms.
When used to assess environmental change, the process can be
employed to help reduce inequality and environmental degradation
and improve human health and wellbeing by incorporating social,
environmental, and economic costs and benefits into project
valuation (Teo et al., 2021).

SROI is classified into two types: evaluative analysis and forecast
analysis. In the former, the goal is to evaluate the social value that has
already been created by a project while the latter estimates how much
social value a project could generate in the future (Teo et al, 2021).
Forecast SROIs are especially useful in the planning stages of an activity.
They can help show how investment can maximize social impact and are
also useful for identifying what should be monitored and measured once
the project is implemented (SROI Network, 2012).

For this study, the forecast SROI process was adapted to allow
the technical team to focus on potential impacts to key stakeholders
who have a direct physical connection to the project. SROI analyses
are often used by corporate funders and governmental agencies that
have fiduciary responsibility to the public and may include social
benefits such as improved company reputation and social license to
operate to these funders as key outcomes. While these social benefits
would certainly accrue to Port Fourchon and the POWC partners
following project construction and implementation, this was not a
key focus of this research. Building on the traditional SROI
methodology, this process was undertaken in three primary stages.

1. Identify and engage key stakeholders affected significantly by the
proposed projects—-Understand what each stakeholder wants
changed (objectives), what they contribute (inputs), what
activities they do (outputs) and what changes for them
(outcomes, intended or unintended);

2. Measure and value the social impacts of the proposed
projects—-Understand the value created because of the changes
experienced by each stakeholder group by using indicators to
measure the outcomes and financial proxies to value the
outcomes; and

3. Create a forecast analysis to measure and evaluate the impacts of
the proposed projects—Articulate the key drivers of social value
and identify what data are needed to best measure and evaluate
the impacts of activities.

2.4.1 Identifying social impacts of co-designed
projects though qualitative analysis

Potential social costs and benefits of each proposed wetland
restoration project on nearby communities were assessed through
qualitative research and stakeholder engagement including one-on-one
interviews and questionnaire research. The technical team conducted a
series of guided interviews using an option questionnaire to assess the
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Groupings of potential natural and nature-based solutions
identified by the ECG and assessed during stakeholder interviews.

social value that that local stakeholder felt would be generated by each
project. To simplify the process and reduce the amount of time that would
be required for respondents to assess the projects, the initial projects
identified by the ECG were first grouped into four project clusters based
upon geographical proximity and project type. Respondents were asked to
review the project clusters and also to note if any of the constituent
polygons differed significantly from the others in terms of outcomes
generated. Initial review of the project clusters found that one proposed
liner project feature identified by the ECG located along Louisiana
Highway 1, was significantly different from the other in the project
clusters, given its location along the primary roadway in and out of Port
Fourchon. This single feature was therefore assessed separately from the
other project clusters, resulting in five areas of analysis (Figure 2).

The option questionnaire developed to assess each project
cluster was constructed around the three broad categories
identified through qualitative analysis of the workshop results:
impacts on ecology, impacts on wildlife and fisheries, and
impacts on human communities (Table 3). Potential project
outcomes within each of these categories were identified by the
technical knowledge experts in the ECG. Through a guided
interview process, respondents were instructed to consider each
project grouping separately and determine if that project grouping
(or any of the individual constituent projects) will result in an
impact. If the respondent determines that there will be an impact,
they were instructed to consider each anticipated project outcome
and determine the directionality of that outcome (e.g., will the
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TABLE 3 Option questionnaire assessment variables.

Impacts to wildlife and fisheries

Alter habitats for crabs, shrimp, oysters and fish

Alter spawning ground for finfish and shellfish

Alter habitat for bird species (e.g., migratory, threatened and endangered, secretive
marsh)

Alter habitats for nesting reptile species (e.g., diamondback terrapins)

Affect the amount of mammals in the area (e.g., deer, fur-bearing mammals)

Impacts to ecosystems

Affect daily erosion of wetlands, bays, bayous, and canals (i.e., tidal prisms, changing
salinity regimes, wind fetch)

Affect storm induced erosion of wetlands, bays, bayous, and canals

Impact existing and ongoing restoration projects

A change in plant and animal distributions and biodiversity (e.g., migration of more
saline tolerant species)

Alter the number/distribution of invasive species

Alter the acreage of saltmarsh

Alter the acreage of mangroves

Alter the water quality (e.g., harmful algal blooms, microalgae, and bacteria)

Impacts to humans
Alter storm surge and wave impacts on oil and gas infrastructure (port, pipelines)

Alter storm surge and wave impacts on essential facilities (grocery stores, schools,
day cares)

Alter storm surge and wave impacts on critical facilities (water treatment facility,
hospitals, police stations)

Alter storm surge and wave impacts on homes and camps

Affect seafood harvest for commercial fishermen

Affect recreational or subsistence catch (redfish, trout, etc.)

Filling in of navigable waterways making locations more difficult or easier to get to

Create opportunities for recreation (e.g., birding, paddling, recreational fishing and
hunting)

Create educational opportunities (e.g., ecotourism, K-12)

Alter sense of place/community

project result in more or less habitats for crabs, shrimp, oysters and
fish), its severity, how likely it is to occur, and over what timeframe
and spatial scale it would take place. The respondents were also
asked if the anticipated project outcome would be beneficial or
harmful. Respondents were also given an opportunity to identify any
other potential outcomes that were not included in the
questionnaire.

In total, 13 interviews were conducted'. Each interview lasted
approximately 85 min and ranged from 65min to 110 min. In

1 Interviews took place during the spring and summer of 2021 and
concluded after Hurricane Ida made landfall at Port Fourchon on
29 August 2021, as a category four storm.
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addition, one respondent was unable to find time for the
interview and opted to fill out the questionnaire on their own. In
this case, the respondent was provided with background
information on how the project polygons were derived and
detailed instructions on how to fill out the questionnaire.

Upon completion of the interviews, the Institute developed a
scripted workflow to analyze the option questionnaire spreadsheets.
To convert the categorical data into quantitative scores, each
attribute rank was translated into a corresponding numeric value,
so that low, medium, or high were respectively translated into 1, 2, or
3, respectively. In converting the categorical data for directionality,
the scores for each category were then adjusted based upon whether
an outcome was perceived to be positive or negative. By converting
the responses to numbers, the ranks could then be averaged across
all surveys.

The script then computed the average scores for the four
assessed attributes (likelihood of occurrence, consequence of
impact, how widespread, and over what period). To further
refine risk averages, the scores were divided into three groups
based on the average score. For outcomes that respondents
believed would be negative, averages ranging from 1.0 to
1.68-2.33 received a B, and
2.34-3.0 were given a C grade (Table 4). For positive outcomes,

1.67 received an A grade;

the grading scale was reversed, with averages from 2.34 to 3.0 were
given aa A grade.

2.4.2 Quantifying the social value of co-designed
projects

After the survey results were compiled and each of the project
groupings received an initial grade, the technical team worked with
partners from EcoMetrics LLC to incorporate these data into a social
valuation model that incorporates both the survey outputs and the
outcomes of the Coastal Systems Modeling Framework. Using a
modified version of the EcoMetrics methodology developed by the
Restore the Earth Foundation (REF) and previously piloted by the
Institute and REF in coastal Louisiana (Hemmerling et al., 20174,
2017b), a relative social value score was calculated for each of the
project groupings assessed. EcoMetrics, built on the guiding
principles of Social Value International’s SROI methodology,
provides evidence-based understanding of environmental change
for a full range of community stakeholders, recognizing both
positive and negative changes as well as intended and unintended
outcomes (SROI Network, 2012). The process utilizes data derived
from stakeholder engagement to identify environmental, economic,
and social costs and benefits resulting from nature-based solutions
and quantifies the cumulative costs and benefits of these over time.
The SROI calculated by EcoMetrics measures the value of social
benefits created by an environmental action in relation to the
estimated financial cost of achieving those benefits (Rotheroe and
Richards, 2007). This quantification results in the calculation of a
final SROI ratio for each of the project groupings. For this research,
this SROI ratio is used to rank the project groupings on the basis of
anticipated social value.

Value in this context refers to the relative importance placed by a
stakeholder group on one potential outcome over another and uses
financial proxies as key performance indicators for each of the
identified outcomes (Nielsen et al., 2021). In SROI analyses, financial
proxies estimate the value of non-monetary social outcomes by
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TABLE 4 Example of possible responses and corresponding grade.

Likelihood of
occurrence

Consequences of impact

10.3389/fenvs.2023.1105671

How widespread Over what period

Low
Receives an A grade if
harmful/C grade if beneficial

Unlikely to occur

Life will go on, could adjust

Limited-Site specific (e.g., small structure: dock,
bridge, sewage plant)

30 + years away

Medium
Receives a B grade if harmful
or beneficial

Moderate chance of
occurrence

Moderate impact

High
Receives a C grade if
harmful/A grade if beneficial

Already occurring
or unattainable

identifying the economic cost or benefit of activities that may accrue
to different stakeholders as the result of a given social outcome (Kim
and Belzer, 2021). The financial proxies were drawn from the
in this
“importance weights” for each of the potential outcomes of

literature and used analysis to create consistent
project groupings, based upon the social value that stakeholders
placed on each of the analyzed outcomes. To link the outcomes of
the social value assessment to the modeling outputs, each of the
proxies needed to be geographically based and focused on the
amount of land built or lost, including acres of both saltmarsh
and black mangrove (Table 5). Where possible, the proxy values
were drawn from economic studies of coastal Louisiana (Barnes
et al., 2015). In all cases, the values were converted to 2022 US$/ha.

Several caveats should be noted regarding the financial proxies
used for this analysis. The selection of financial proxies used in an
SROI is an inherently subjective process (Kim and Belzer, 2021). In
some cases, there was not a geographically based proxy that perfectly
matched an anticipated outcome. In these cases, similar proxies were
selected and reviewed by the technical members of the ECG. In other
cases, the lack of granularity in some of the proxies necessitated that
some be used for more than one outcome. For example, de Groot
et al,, 2012 provides a single value for the ability of coastal wetlands
to moderate the impact of storms and other disturbances. For this
research, this value is compounded based upon the anticipated
impacts on human communities. For example, a proposed
project that will moderate storm impacts on critical facilities,
essential facilities, and homes is counted higher than one that
only protects homes. While some of the same proxies were used
for multiple outcomes, efforts were made to assure that no outcomes
were double counted. For example, the question of impacts of storms
on port facilities did arise during the ECG meetings. However, since
port facilities were already included as part of industrial
infrastructure, they were not included separately in the social
valuation process, precisely to avoid double counting the same
outcome on the same facility. As better or more applicable
economic data becomes available, the EcoMetrics model will be
updated.

The social value assessment also included an analysis of the
social cost of carbon, defined by the USEPA as an “estimate of
climate change damages and includes, among other things,
changes in net agricultural productivity, human health,
property damages from increased flood risk and changes in
energy system costs, such as reduced costs for heating and
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Regional-Place or region (e.g., community, harbor,
state park, wildlife refuge, sub-watershed)

10-15 years

Widespread-Extensive (most of the watershed or
most of the estuary)

Already occurring/
imminent or 0-10 years

increased costs for air conditioning” (USEPA, 2016).
Utilizing the estimated tonnage of carbon calculated during
the modeling phase of this research and the social cost values
established by the USEPA for each specific year, the social value
of carbon sequestered in dollars was calculated for each project
grouping4F>. The financial proxies used to assess both the land
built and carbon sequestered provided standard metrics by
which each of the projects are ranked. To estimate the social
value of each of the project groupings, EcoMetrics multiplies
the quantity of the outcomes (in either hectares of marsh/
mangrove or tonnes of carbon) derived from the Coastal
Systems Modeling Framework by the value of the financial
proxy and the percentage of deadweight for each outcome is
deducted (Teo et al.,, 2021). These values were estimated and
summed across the 30 year period of analysis used in the
numerical modeling.

For this analysis, one additional step was taken to account
for the expected likelihood and consequence of each outcome
among local stakeholders, as determines through the social
value interviews and questionnaires. The estimated social
value generated by each outcome was weighted based upon
the results of the option survey. The percentage of survey
respondents identifying that specific outcome, the perceived
likelihood of that outcome occurring, and the expected
consequences of the outcome were all equally weighted in the
final value calculation. If the perceived outcome is a benefit,
then that outcome was assigned a positive value. Conversely, if
the perceived outcome is a harm, then that outcome was
assigned a negative value. The maximum weighted social
value would therefore be an outcome that all respondents
identified as a benefit with a high likelihood of occurring and
a high level of impact. The same scoring rubric was applied to
establish the minimum social value, which would be an outcome
that all respondents identified as harmful. If no survey
respondents identified a specific outcome as a possibility or if
all respondents deemed the anticipated impacts of an outcome
to be inconsequential, the weighted social value was estimated

2 For the SROI valuation, tonnes of carbon was calculated based on GHG
flux (sinks) for vegetated habitats only (brackish and saline marsh +
mangrove forest) of future with action (placement of dredge material)
and future without action.
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TABLE 5 Financial proxies used to rank project groupings.

10.3389/fenvs.2023.1105671

Service 2022 USS$/ha Source
Human Impacts | Alter recreational or subsistence catch (redfish, trout, efc.) $1,510.96 de Groot et al. (2012)
Alter seafood harvest for commercial fishermen $3,696.00 Barnes et al. (2015)
Alter sense of place/community $1,757.12 de Groot et al. (2012)
Affect storm surge and wave impacts on critical facilities (water treatment facility, hospitals, police $7,277.36 de Groot et al. (2012)
stations)
Affect storm surge and wave impacts on essential facilities (grocery stores, schools, day cares) $7,277.36 de Groot et al. (2012)
Affect storm surge and wave impacts on homes and camps $7,277.36 de Groot et al. (2012)
Affect storm surge and wave impacts on oil and gas infrastructure (port, pipelines) $7,277.36 de Groot et al. (2012)
Create educational opportunities (e.g., ecotourism, K-12) $2,982.48 de Groot et al. (2012)
Create opportunities for recreation (e.g., birding, paddling, recreational fishing, and hunting) $5,758.05 Barnes et al. (2015)
Filling in of navigable waterways making locations difficult to get to $7,624.16 de Groot et al. (2012)
Ecosystem Alter plant and animal distributions and biodiversity (e.g., migration of more saline tolerant species) $8,826.40 de Groot et al. (2012)
Impacts
Alter daily erosion of wetlands, bays, bayous, and canals (i.e., tidal prisms, changing salinity regimes, wind = $5,343.44 de Groot et al. (2012)
fetch)
Alter storm induced erosion of wetlands, bays, bayous, and canals $5,343.44 de Groot et al. (2012)
Alter the acreage of mangroves $21,096.32 Salem and Mercer
(2012)
Alter the acreage of saltmarsh $23,307.68 de Groot et al. (2012)
Affect the number/distribution of invasive species $1,289.28 de Groot et al. (2012)
Alter the water quality, e.g., harmful algal blooms, microalgae, and bacteria $1,980.65 Barnes et al. (2015)
Impact existing and ongoing restoration projects $7,277.36 de Groot et al. (2012)
Wildlife Impacts | Alter the number of mammals in the area (e.g., deer, fur bearing mammals) $1,453.08 Barnes et al. (2015)
Alter habitat for bird species (e.g., migratory, threatened and endangered, secretive marsh) $1,453.08 Barnes et al. (2015)
Alter habitats for crabs, shrimp, oysters and fish $1,453.08 Barnes et al. (2015)
Alter habitats for nesting reptile species (e.g., diamond back terrapins) $1,453.08 Barnes et al. (2015)
Alter spawning ground for crab, fish, and shrimp (e.g., trout, redfish) $14,481.28 de Groot et al. (2012)

to be zero. Once the estimated impacts of all outcomes are
estimated, the total impact of each project grouping is
calculated by summing the results together (Teo et al., 2021).
This resultant value represents the net present value of the
project grouping, defined in the SROT as the summed costs and
benefits paid or received over different time periods (SROI
Network, 2012).

2.4.3 Estimated project construction costs
To estimate project construction costs, of

assumptions was required. These assumptions characterize

a series
the shape and elevation of the features, the methods for
estimating dredge fill volumes, and the geotechnical
properties of the sediment and underlying soils in borrow
and placement areas, which impact settlement, subsidence,
and cut/fill dredging ratios. The cost of wetland restoration
projects in Louisiana is influenced by the type of material to
be dredged, the distance from the dredge location to the fill
location, fuel costs, and mobilization/demobilization cost.
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Mobilization and demobilization cost are influenced by
project size, borrow source, dredging distance, pipeline
corridor, dredging equipment, and dredging volume. Where
necessary, the USACE’s Civil Works Construction Cost Index
System was used to inflate costs from prior years to present day
dollars (USACE, 2021). All costs utilized in the SROI analysis are
intended to provide planning level insights under significant
uncertainty and are not intended to represent design or bid
levels of detail or accuracy.

The final estimated construction costs and the associated
maximum weighted social value for each project grouping
were used as inputs for a modified version of part of the
component of the EcoMetrics model and
calculated out to 30 years in the future to coincide with the

calculations

timeframe of the ecosystem models. This process resulted in a
final Adjusted SROI score for each project grouping, a ratio of
the expected construction costs to the perceived social benefits
and costs estimated using the final weighted social value
scores.
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3 Results

3.1 Coastal systems modeling framework
results

Each proposed wetland restoration project was compared to
future without action (FWOA) alternative to assess project
performance, the persistence of the project after 30 years, project
impact to storm surge and waves, and how it influences habitat
changes for the estimation of the net GHG flux (Figure 3). An
important note about the project alternative evaluations discussed
here is that because multiple wetland restoration projects were
it the
performance or effects of any single project polygon from the
others in the same area. Any single location where wetlands are

modeled together, is not possible to disentangle

restored is likely receiving some benefit from other restoration areas
in its vicinity.

3.1.1 West of Port Fourchon

The wetlands to the west of Port Fourchon lose land area and
transition to a more open water environment between 2020 and
2050 in the FWOA alternative. In the West of Port Fourchon project
alternative, the models show that approximately 980 acres of land is
created, while only 160 acres are lost by 2050. All wetland
restorations remain largely intact in 2050. The wetlands
constructed in this area are projected to be nearly 70% mangrove
forests which was parameterized to capture more carbon than saline
marshes due to the greater aboveground biomass in woody trunks
and stems compared to marsh grasses. The wetlands in this area
therefore represent a net sink of GHG emissions from years
2020-2050 with a range of —0.03 to —0.04 MMT CO,e. As soon
as these projects are constructed (model year 2020) their influence
on storm surge and wave heights are observed at the Port. The
reductions in peak storm surge heights are modest in 2020 (<5 cm)
while the reductions in peak and average wave height are greater
(5-25 cm, in the project area). The greatest reductions are seen in the
southernmost area where a large open water area was filled.

3.1.2 East of Port Fourchon

Two different sets of wetland restoration projects were modeled
for East of Port Fourchon: broad wetland polygons, which are
located closer to the Port, and narrow linear wetland polygons
near Louisiana Highway 1, the primary road leading to the Port, and
along existing ridges. In the FWOA alternative, about 250 acres of
land is lost in the area in which the broad wetland polygons would be
constructed. The broad wetland restoration project will build nearly
1,800 acres of wetlands, although more than 250 acres of this will be
lost by 2050 around the edges of project areas and close to open
water areas. These wetlands gained in this area are expected to be a
mixture of mangrove forest and both brackish and saline marshes.
Model results estimate that these wetlands will be a net GHG sink
of —0.02 MMT CO,e. Wave heights are reduced by up to 0.25m
within the project footprint, even when surge heights are increased.
However, where increased water levels are observed near the project
footprint, wave heights increase. Wave height reductions are
minimal, at best, however, for all modeled storms in 2050.

Model results found that the linear wetland features created
about 320 acres of land and lost about the same amount of land area
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over the 30-year period of analysis. These linear features have a
larger proportion of edges to interior wetland and thus were more
susceptible to edge erosion compared to most other restoration
projects modeled. The linear wetlands in this area include a mixture
of mangrove forests and brackish and saline marshes that largely
remained intact over time. At year 2050, it is estimated that these
linear wetland feature will be a net GHG sink of —0.02 MMT CO,e.
Wave height reductions from these linear wetland features are
expected to be minimal for all storms in 2050. In some cases,
wave heights are expected to increase due to increased water
depths associated with higher surge allowing larger waves to
propagate through the area.

3.1.3 Leeville

Restoration projects north of Port Fourchon near Leeville both
nourish existing wetlands and create new wetlands in open water.
These projects create over 1,200 acres of land compared to the
FWOA alternative and result in about 1,140 additional acres of
land within the project footprints. However, these wetlands do not
persist on the landscape to 2050 as well as other alternatives
modeled. Results show that more land will be lost with action
than in the FWOA, likely because construction in open water with
only fragments of existing wetlands will increase the area of
wetlands able to be lost at this location. The creation of
additional wetlands in this area does not result in long-term
land gain in the model. Some smaller areas of created wetlands
are almost entirely lost over 30 years. Over time, as this area
converts back to open water year, it is projected to be a net
GHG source of +0.05 MMT COse. Similarly, this area is not
expected to experience a consistent reduction in storm surge
heights and wave heights resulting from construction these
wetlands. The magnitudes of the effects are generally small and
localized to the project areas.

3.2 Social return on investment (SROI)
results

Stakeholders interviewed believe that each of the project
groupings will generate positive social outcomes overall, although
the project alternatives featuring broad wetlands to the east and west
of the port are expected to generate the greatest social value
(Figure 4). The West of Port Fourchon project grouping is
expected to generate the greatest social return, with almost all
respondents believing that utilizing the dredge material for marsh
creation in this area will result in an increase in saline marsh and
mangrove forest habitat areas. As a result, survey respondents
anticipated that bird and mammal habitat will increase. Many
respondents also anticipate a concurrent improvement in crab,
shrimp, oyster, and fish habitat if this area were restored,
suggesting that they view these wetland areas as ecological
systems supporting both aquatic and terrestrial species. It should
be noted that there was not a consensus on this last point, however,
with several respondents noting that they believe this project will
harm aquatic habitats. Finally in terms of co-benefits, a majority of
respondents believe that this project will reduce wave impacts on
both fishing camps and oil and gas infrastructure while providing
enhanced opportunities for recreation in the area.
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The East of Port Fourchon (Broad Marsh) project grouping is
expected to have many of the same beneficial outcomes as the West
of Port Fourchon project groups with some notable exceptions.
Many more stakeholders expect that this project will ultimately
harm crab, shrimp, oyster, and fish habitat with a trickledown effect
on subsistence, recreational, and commercial fisheries than seen in
the West of Port Fourchon results. Conversely, more respondents
believe that building marsh in this location will protect more homes,
fishing camps, and oil and gas infrastructure than any other project
grouping examined here. The additional negative outcomes related
to fishers, however, coupled with higher planned construction costs
for this area, reduce the overall return on investment for this
location.
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The third broad marsh features project grouping examined in
this study was in Leeville (West of Bayou Lafourche). Like the other
broad marsh project groupings, survey respondents expect to see an
increase in saltmarsh with fewer anticipating an increase in
mangrove habitat (Figure 92). Given that this location is the
farthest north of the areas surveyed, it is not surprising that
fewer stakeholders anticipate improved mangrove forest habitat
here. Beyond this, the results for this area are similar to those
seen in the East of Port Fourchon (Broad Marsh) project grouping,
with many respondents believing that harm to crab, shrimp, oyster,
and fish habitat will result from this project, directly impacting
subsistence, recreational, and commercial fisheries. Though not a
majority, other respondents believe work in this area will directly
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impact navigability and boating access and will also result in more
invasive species in the area. These negative impacts are balanced out
however, by a belief that March creation projects constructed in this
area will reduce erosion and also protect homes and camps from
storm surge. This project grouping is expected to have the greatest
cost per acre to build however, resulting in the second lowest social
returns on investment among the project groups analyzed.

The linear marsh and ridge features, including those
immediately adjacent to LA one and those further to the east of
the proposed broad wetland features, are expected to generate less
social value than broader wetland features. In general, the survey
results show that the primary anticipated impacts of these projects
are on reducing erosion. The East of Port Fourchon (LA one Fringe)
feature, a proposed linear feature located directly adjacent to LA one
and Port Fourchon itself, is expected to have the added benefit of
reducing wave impacts on oil and gas infrastructure. These
protection benefits are seen as coming at the expense of access to
the area for recreational and subsistence fishing. However, even as
stakeholders see minimal benefits of these project for the area’s
coastal fisheries, they recognize that they do have the potential to
generate saline marsh and mangrove forest habitats, which are
valuable for birds and mammals.

Despite having the lowest planned construction cost per acre,
the East of Port Fourchon (Linear Wetlands) project grouping is
expected to generate the lowest social return on investment of all
the project groupings examined. Most stakeholders see this project
grouping as having a positive impact on the ecosystem and the
wildlife that depend on that ecosystem. Additionally, they
recognize that these ridges will result in more saline marsh and
mangrove forests and improve bird habitat. They also expect that
this project grouping will reduce both daily and storm induced
erosion of wetlands, bays, bayous, and canals in the region.
However, most respondents do not see this project grouping
generating benefits for local residents and communities, nor do
they see additional co-benefits to the area’s oil and gas
infrastructure.
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4 Discussion

For Port Fourchon and the communities in and around Lafourche
Parish to remain viable into the future, it is necessary to support both
the region’s valuable fisheries and the critical industrial infrastructure
that supports offshore oil and gas production. As the Port moves
toward improvements that could generate an initial 13 to 20 million
cubic yards of sediment, the work set out in this report was initiated to
inform the design of potential nature-based wetlands restoration
projects using this future sediment resource.

The transdisciplinary approach developed and operationalized
in this study resulted in a suite of wetland restoration project
alternatives that are all expected to generate a range of ecological
and societal co-benefits. The ECG approach to participatory
modeling actively encouraged residents and local stakeholders to
work with scientists and other technical knowledge experts to co-
design a suite of projects that, by their very nature, support local
2022). This work
progressed in an iterative fashion, with the full ECG developing

values and concerns (Hemmerling et al,

and reviewing each of the final project polygons. A key finding of
this research is that the collaborative management approach resulted
in a suite of project alternatives that are all expected to generate
positive social value for stakeholders.

Each project grouping has a unique cost required to transfer the
dredge material and construct and maintain the wetlands. The social
value rating accounts for these costs as well as the anticipated value
of a range of ecosystem, wildlife and fisheries, and human outcomes.
These outcome values utilize financial proxies that are based upon
model outputs, namely, acres of wetlands restored, and the net
carbon flux generated by these wetlands. The social value generated
is weighted based on the perceived likelihood and severity of the
While  still
accounting for cost differentials, this stakeholder weighting

anticipated changes generated by each project.
effectively shifts the valuation process from a more output-based

to an outcome-based assessment. As such, while the acres of wetland
restored and the net carbon flux are important and easily measurable
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outputs of these projects, the final valuation looks at the outcomes
generated and ways these outcomes will affect residents and the
natural resources they rely upon for their sustenance and wellbeing.

For example, the proposed linear wetlands project east of Port
Fourchon has the lowest cost per acre to construct and maintain among
the project groupings analyzed. A pure cost-based model might be
expected to prioritize these linear wetlands over more costly project
alternatives. However, qualitative research found that the wetlands
restored by this project grouping, while expected to generate a number
of ecosystem and wildlife benefits, would not provide as much direct
social value for human communities as some of the other groupings.
The participation of local knowledge experts in this planning process
provided insight into social and cultural values that could not be gained
through technical approaches alone, allowing the research team to
generate more alternatives, resulting in flexible actions and mutual co-
benefits (Stringer et al., 2006; Zedler, 2017).

Finally, there is general agreement between the results of the social
valuation model and those of the ecological and hydrodynamic models,
highlighting the scientific value of utilizing local knowledge in the coastal
planning process. The outputs of the Coastal Systems Modeling
Framework identify the West of Port Fourchon project grouping as
generating the greatest amount of sustained land building and carbon
sequestration relative to project costs. Similarly, the social value
assessment, which examines the anticipated positive and negative
outcomes resulting from land building and carbon sequestration in
each project location, identifies the West of Port Fourchon project
grouping as having the greatest social value for residents and local
stakeholders.

The final results of this project were presented to the ECG and
the leadership of the Partnership for our Working Coast, a public-
private partnership comprised of the Greater Lafourche Port
Commission and several tenants of Port Fourchon, including
Shell, Chevron, and Danos, during a public meeting held at Port
Fourchon on 28 July 2022. Following this meeting, the port director
announced that the West of Port Fourchon project would be
constructed by the port with the generated dredge material. This
outcome highlights that coastal planning that is supported by the
generation and incorporation of reliable knowledge drawn from
both the scientific community and from the local knowledge of
stakeholders who live and work in the project area improves the
likelihood of effective and sustainable project outcomes.

It is important to note that both the modeling and the social valuation
assessment represent future forecasts of change. Forecast assessments and
models such as the ones generated for this research are especially useful in
the planning stages of an activity. In addition to identifying how planned
projects can maximize social impact, forecast assessments based around
local engagement are useful for identifying what should be monitored and
measured once as project is implemented (SROI Network, 2012).
Following the construction of the identified restoration project, project
managers should make every effort to conduct periodic evaluative
assessments of outcomes, following many of the same stakeholder
engagement steps utilized in the forecast assessment. Residents and
local stakeholders who live and work around the project site are
unique sensors of their environment and often make observations for
longer time periods and at finer spatial scales than any scientific
instruments (Goodchild, 2007; Curtis et al, 2018). As such, they
represent an important source of data for project evaluation and
adaptive management of project outcomes.
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5 Conclusion and future prospects

Community resilience is closely related to the concept of adaptive
capacity, defined as the ability of a system to adjust to change, moderate
the effects, and cope with a disturbance (Cutter et al,, 2008). In natural
resource-dependent communities like those around Port Fourchon,
resilience is often tied to the ability of residents to pursue natural
resources in alternate areas or to shift the object of natural resource
collection (Colten et al., 2012). This ability to shift to alternate areas is
particularly important when working with renewable natural resources,
such as fisheries. For communities that are reliant upon mineral resources
such as oil and gas, where the location of the resource is often fixed,
community resilience is more closely tied to the ability to protect those
resources, and the infrastructure necessary for their extraction and
transport, in place.

The projects co-developed by the ECG through this research were
specifically designed to maximize co-benefits, including the protection
of the primary natural resources that residents and local stakeholders
rely upon, fisheries and oil and gas. Several of these co-benefits were
assessed directly through numerical modeling. The ability of the
projects to build wetlands, including saltmarsh and mangroves,
and to reduce wave impacts on infrastructure was examined for
each project grouping. Recognizing that there is a social cost of
carbon associated with the release of greenhouse gasses that will
impact communities in the future, each project was assessed to
determine its ability to serve as a sink or a source. One key
resource that the coast requires is a workforce and communities to
sustain that workforce. The ECG recognized this, and each of the
project alternatives was examined and assessed for its ability to protect
surrounding homes and camps from storm surge and flooding.

Beyond providing protection for communities, wetlands are tied
to the region’s history and cultural heritage. Restored wetlands can
provide enhanced opportunities for recreation and education. These
more intangible aspects of coastal protection and restoration are not
as readily modeled but no less important when it comes to building
community resilience. All of these co-benefits were considered during
each step of this research, from the initial conceptualization of the
project footprints to the final social valuation and ranking of project
alternatives. The framework developed and operationalized through
this research represents a key advancement in the collaborative
management of coastal protection and restoration planning and
provides a framework and tools that can be leveraged to enhance
resilience within the study area and adapted for other locations
globally.
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