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Abstract
Numerical modeling efforts in support of restoration and protection activities in 
coastal Louisiana have traditionally been conducted externally to any stakeholder 
engagement processes. This separation has resulted in planning- and project-level 
models built solely on technical observation and analysis of natural processes. 
Despite its scientific rigor, this process often fails to account for the knowledge, 
values, and experiences of local stakeholders that often contextualizes a modeled 
system. To bridge this gap, a team of natural and social scientists worked directly 
with local residents and resource users to develop a participatory modeling approach 
to collect and utilize local knowledge about the Breton Sound Estuary in southeast 
Louisiana, USA. Knowledge capture was facilitated through application of a local 
knowledge mapping methodology designed to catalog local understanding of cur-
rent and historical conditions within the estuary and identify desired ecological 
and hydrologic end states. The results of the mapping endeavor informed modeling 
activities designed to assess the applicability of the identified restoration solutions. 
This effort was aimed at increasing stakeholder buy-in surrounding the utility of 
numerical models for planning and designing coastal protection and restoration 
projects and included an ancillary outcome aimed at elevating stakeholder empow-
erment regarding the design of nature-based restoration solutions and modeling 
scenarios. This intersection of traditional science and modeling activities with the 
collection and analysis of traditional ecological knowledge proved useful in elevat-
ing the confidence that community members had in modeled restoration outcomes.
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1 Introduction

Coastal Louisiana has experienced a globally high rate of wetland loss due in part 
to a combination of sea level rise, subsidence, saltwater intrusion, and reduced sedi-
ment inflow (Barras et  al. 2003; Blum and Roberts 2009; Day et  al. 2000, 2011; 
Scavia et  al. 2002; Turner 1997). Between 1932 and 2016, coastal Louisiana lost 
approximately 4833 square kilometers of wetlands and is predicted to lose an addi-
tional 5827 square kilometers over the next 50 years (Couvillion et al. 2017; Loui-
siana Coastal Protection and Restoration Authority 2017). The loss of these coastal 
wetlands represents not only a deterioration of ecological and economic viability, 
but a loss of the vital shoreline protection zone that insulates coastal communities 
from the impacts of coastal hazards such as storms and the effects of climate change 
(Laska et  al. 2005). As more wetlands are lost, coastal communities will become 
increasingly vulnerable to storm surge, coastal flooding, and tropical weather events. 
The region is home to a wide range of ethnic and cultural groups that have long 
coped with extreme weather events, enhancing community resilience through strong 
family, ethnic, and religious ties (Colten et al. 2018). A number of these ethnic and 
social groups, including Native American, Acadian, Isleño, African American, and 
Vietnamese, which reside in the coastal parishes are often supported by livelihoods 
based on the abundant renewable and nonrenewable natural resources of the region. 
Residents residing in this changing environment will be forced to either adapt or 
relocate away from the coast. Those who choose to remain, or who lack the means to 
relocate, may face increasing economic threats in addition to environmental threats, 
as rising insurance rates may make living in coastal areas unaffordable (Dalbom 
et al. 2014).

Much of Louisiana’s coastal zone is outside of the current system of hard or gray 
infrastructure (primarily levee) protection. Therefore, the potential benefits of pro-
tecting, restoring, and enhancing intact ecosystems via green infrastructure—includ-
ing the potential benefits to humans in terms of protection from waves and storm 
surge as well as provision of fisheries and livelihoods—are particularly important to 
these most vulnerable communities (Carruthers et al. 2017). Maintenance and res-
toration of intact coastal ecosystems are globally considered to have high potential 
for supporting community resilience (Travers et al. 2012), which can also be applied 
to coastal communities of Louisiana. Natural solutions are those conserving exist-
ing habitats such as salt marshes while nature-based solutions are those created by 
humans, such as oyster reefs (Arkema et al. 2017). The ecosystem functions of these 
solutions provide essential ecosystem services that can increase community resil-
ience through: reducing direct impacts of waves, storm surges, and marginal ero-
sion; provision of essential habitat for juvenile and adult fisheries species, ducks, 
and other hunted species; and potential revenue raising functions such as nutrient 
and carbon sequestration (Barbier et  al. 2011; Chesney et  al. 2000; Gedan et  al. 
2011; Mitsch and Gosselink 1986). The 2017 Louisiana’s Coastal Master Plan for a 
Sustainable Coast focuses both on structural or engineered protection and restoration 
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(Louisiana Coastal Protection and Restoration Authority 2017). Natural and nature-
based solutions that can restore or enhance intact natural ecosystems such as bar-
rier islands, marshes, mangrove stands, aquatic vegetation, and forested wetlands are 
an important component of restoration efforts (Boesch 2006; Boesch et  al. 1994). 
These solutions also provide additional nonstructural protection from flooding or 
surge attenuation that have the potential to enhance community resilience in some of 
the most vulnerable parishes that are not amenable to structural protection options 
(Dalbom et al. 2014).

Alongside their anticipated benefits, many of these protection and restoration 
projects are also projected to disrupt ecological conditions that sustain the coastal 
resources that many of Louisiana’s residents rely on for their livelihoods and suste-
nance (Colten et al. 2018). When these impacts are inadequately planned for, knowl-
edge controversies may develop, leading to conflict between residents and public 
officials. In coastal Louisiana, one such knowledge controversy has developed 
around the planned reintroduction of Mississippi River water and sediment into the 
Breton Sound Estuary in an attempt to mimic the natural functioning of the river 
delta (Barra 2016). Public opposition to this and other large-scale sediment diver-
sion projects has developed around a number of perceived threats, including the 
over-freshening of coastal estuaries, displacement of fisheries, and the assertion that 
nutrients in the river water will lead to degraded water quality (Bargu et al. 2019) 
and wetland deterioration (Day et al. 2018). Despite recent efforts by public officials 
and scientists to actively engage with coastal residents and stakeholders, many of 
these residents still feel that their local knowledge is not ultimately accounted for in 
the coastal restoration planning process within their own communities, eroding pub-
lic trust in both scientists and public officials (Carruthers et al. 2017; Hemmerling 
et al. 2019). This gap between practice and perception highlights the need for new, 
meaningful, and actionable ways of accounting for and integrating stakeholder input 
into the environmental planning and decision-making process.

Several recent advances in geospatial technologies allow for the input of quali-
tative local knowledge into mathematical models and have provided tangible ways 
to evaluate quantitatively the potential outcomes of restoration and protection pro-
jects, which can allow coastal planners to better respond to the short- and long-term 
needs of impacted communities. The results from these approaches can provide a 
new, geographically targeted evidence base for planning strategies, especially those 
focused on mitigation and recovery (Curtis et  al. 2018). Local knowledge map-
ping (LKM) is one such approach that aims to encourage community members to 
share knowledge and perceptions of a given area and has been shown to provide an 
effective means of incorporating community and traditional ecological knowledge 
(TEK) into a coastal protection and restoration framework. Qualitative data col-
lected during LKM exercises have been used to create geospatially explicit baseline 
datasets allowing researchers to incorporate local knowledge into an assessment of 
ecological restoration projects (Barra 2017; Carruthers et al. 2017). When incorpo-
rated 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 associated areas of consensus and potential conflict between 
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local stakeholders and policymakers (Bethel et al. 2011, 2014, 2015). The incorpo-
ration of these data into the planning process would represent an important step in 
identifying and reducing the risk of disproportionate impacts on particular social or 
cultural groups.

While the goal of LKM, Sci-TEK, and other geospatial techniques is to trans-
late local knowledge into model-ready frameworks, and the stakeholder engagement 
techniques used during qualitative data collection need to directly elicit a sense of 
ownership and trust in the process itself. Effective engagement should be an ongo-
ing process that fosters social learning among stakeholders and provides a means of 
arriving at consensus among a large group of stakeholders. Methods such as par-
ticipatory integrated planning (Castelletti and Soncinisessa 2006) and deliberative 
multicriteria evaluation (Mavrommati et  al. 2017) encourage two-way knowledge 
building and active involvement of impacted stakeholders in the analysis of environ-
mental problems and design of potential solutions. A competency group approach 
takes these principles of active involvement of stakeholders one step further and 
challenges assumptions about the fundamental differences between scientific and 
experiential knowledge. Competency groups consist of both technical knowledge 
experts and local knowledge experts and foster an ongoing, open exchange of knowl-
edge and ideas. The process foregrounds how scientists come to know (and model) 
environmental problems, framing environmental controversies as opportunities for 
re-envisioning what expertise is, and its role in developing solutions for pressing 
environmental problems (Whatmore 2009). By generating new knowledge about the 
environment, the competency group method represents an important shift away from 
merely gathering local knowledge as data to add to existing environmental models.

Ultimately, for any environmental modeling results to be meaningful, they must 
be understandable and have the confidence of the public. A transparent modeling 
process is essential to achieve this confidence and is a prerequisite to the successful 
outcome of any future modeling activity (Johnson 2008). To maximize transparency, 
the modeling process should include ongoing, active participation of potentially 
affected stakeholders in the analysis of environmental problems and in the design of 
solutions to these problems. Such a co-design process can be a powerful approach 
to directly engage local residents in the scientific process (Hare et  al. 2003). Par-
ticipatory modeling is a project development technique that allows for two-way 
communication between local stakeholders and scientists about the problems facing 
local communities and the co-design of solutions to these problems. The process 
directly incorporates local and traditional ecological knowledge into models that can 
help plan and manage coastal protection and restoration (Johnson 2008). Recogniz-
ing that the engagement methods used to communicate scenario-based modeling 
information to local residents may influence their knowledge building and prefer-
ence judgments (Mavrommati et al. 2017), an active participatory modeling process 
should incorporate a competency group approach to stakeholder engagement. The 
competency group approach would allow for the continuous involvement of appro-
priately representative technical and local knowledge experts and would culminate 
in the co-development of the ecosystem model that would be used during the partic-
ipatory modeling process. To assess the effectiveness of such an active participatory 
modeling approach, this project convened a competency group of technical and local 
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knowledge experts with expertise on the Breton Sound Estuary and co-developed 
two numerical models, a planning-level model and a project-level model. These 
models were used to assess the effectiveness of a suite of natural and nature-based 
solutions conceptualized and designed by the competency group.

2  Study area

This study focused on communities surrounding the Breton Sound Estuary, an area 
bounded on the west and north by the Mississippi River, on the south by the Gulf 
of Mexico, and on the east by the Mississippi River Gulf Outlet (Fig. 1). Study par-
ticipants were drawn from rural communities in both St. Bernard and Plaquemines 
parishes (counties). Large portions of these parishes are exposed to tides and waves 
from the Gulf of Mexico and significant fresh water from multiple connection points 
with the Lower Mississippi River. The area is composed of shallow water bodies, 
broken marsh, and a mixture of natural channels and dredged canals. The northern 
part of the area is mostly fresh and intermediate marsh, gradually transitioning to 
brackish and saline marsh.

In the wake of Hurricane Katrina in 2005, the majority of residents live within 
a 100-year federal hurricane flood protection system. However, several small fish-
ing communities located along the bayous that connect Breton Sound to the interior 
marshes, including Yscloskey, Hopedale, Woodland, Delacroix, and Shell Beach, 
remain outside federal flood protection. These communities are home to multiple 
generations of subsistence and commercial fishing families and have been impacted 
by several large hurricanes as well as the Deepwater Horizon oil spill in 2010. The 
ZIP Code that encompasses these fishing communities (70085) experienced massive 
depopulation following Hurricane Katrina, dropping from 7890 people in 2000 to 
4427 people in 2010. The most recent US Census data, released in 2017, shows a 
slight rebound, with the total population climbing to 4878. Over 81% of this popula-
tion is white, and an estimated 26% lives at or below the federal poverty line.

Research by the Louisiana Coastal Protection and Restoration Authority has iden-
tified these areas as being highly dependent on commercial fishing and in need of 
additional socioeconomic and ecological monitoring (Hijuelos and Hemmerling 
2016). Residents of the region often emphasize the ecological, economic, and his-
torical importance of the Breton Sound Estuary in maintaining local culture and 
livelihoods (Carruthers et al. 2017). For this reason, many of the commercial fisher-
folk of the region have historically been engaged in efforts to advise local and state 
restoration projects.

3  Public engagement concepts

The goal of this research was for scientists to collaborate with residents who work in 
the Breton Sound Estuary to develop, plan, and assess a suite of natural and nature-
based solutions and to evaluate the related and potential ecosystem function via a 
series of participatory modeling scenarios. Two main research questions were asked: 
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(1) based on the traditional ecological knowledge (TEK) of local residents, what 
are the possible natural and nature-based solutions to address coastal hazards in and 
around the estuary?, and (2) how do these nature-based solutions support various 
ecosystem services? To address these questions, it was necessary to develop a partic-
ipatory modeling methodology capable of capturing the breadth of knowledge held 
by coastal Louisiana residents residing around and working within Breton Sound 
Estuary and incorporating this into a quantitative ecological modeling framework.

Participatory modeling can be broadly conceptualized as a purposeful learning 
process that engages the implicit knowledge of local residents to create formalized 
and shared representations of reality (Voinov et al. 2018). The process uses a com-
bination of fact-finding, process facilitation, and modeling to engage non-scientists 
in the scientific process (Voinov et al. 2018). Stakeholders are expected to engage 
in all steps of the participatory modeling process. When fully realized, the process 
will allow residents to utilize their TEK to help structure the problem, describe the 
system, create an operational computer model of the system, use the model to iden-
tify and test policy interventions, and choose one or more solutions based on the 
model analysis (Stave 2010). While the level of participation of various local stake-
holder groups may vary between projects, all stakeholders should understand why 
particular methods and tools are appropriate at each stage of the process (Voinov 
et al. 2018).

All of the local residents participating in this project reside around the Breton 
Sound Estuary, and most were fishermen, shrimpers, and oystermen who utilize the 
estuary on a daily basis. They were recruited using a peer review selection process, 
whereby researchers went to local boat launches, seafood processing plants, local 
coastal zone management boards, and other regional environmental management 
groups to solicit recommendations on knowledgeable residents with an extensive 
history and knowledge of the estuary and its surrounding regions (Bethel et al. 2011, 
2014; Landström et al. 2011). Researchers kept a running list of names, cross-listing 
individuals who were frequently recommended based on multiple interactions across 
groups. The research team strove for occupational, age, and gender diversity among 
residents, in order to ensure that the selection of members did not overwhelmingly 
represent commercial and recreational fishing industries. Researchers also asked for 
non-fishing industry individuals who might be candidates for the working group. 
There were nine regular participants in the working group: a local fisheries scien-
tist, a recreational fishing guide, a construction business owner, a marina owner, a 
forester, a resident with extensive land holding in the estuary, and three commercial 
fishermen (shrimp, crab, and oyster). Each individual was asked to represent his or 
her own personal interests and knowledge and not act as a representative of any par-
ticular political group or set of interests. Honorariums were provided to participating 
local residents to compensate them for their time and expertise.

The scientists involved were drawn primarily from the Water Institute of the Gulf 
and included researchers who played key roles in the development of the sediment 
diversion models used by the State of Louisiana in its Comprehensive Master Plan 
for a Sustainable Coast (Louisiana Coastal Protection and Restoration Authority 
2012, 2017). The research team also extended invitations to scientists from local uni-
versities in New Orleans, Baton Rouge, and Lafayette. Due to the long commuting 
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distance and high demand of time, however, only scientists from the Water Institute 
of the Gulf were able to attend all group meetings. There were six regular Water 
Institute of the Gulf participants: a coastal ecologist, three civil and environmental 
engineers, a cultural geographer, and an environmental anthropologist.

The full group met on a regular basis over an eight-month period to define the 
scope and priorities for the creation of a new nature-based solution model and use 
that model to assess the effectiveness of a suite of coastal protection and restoration 
projects developed by the group (Hemmerling et al. 2019). Group meetings were not 
open to the public except when extra hands were needed for photograph or video 
documentation. This was crucial to building relationships and trust among partici-
pants over time. This was also an intentional decision on the part of the researchers 
to make the meetings working sessions, not public input sessions. The participatory 
modeling process had three overarching goals:

1. To establish a set of objectives that nature-based solutions should address;
2. To produce formal numerical models that incorporate the combined traditional 

and scientific knowledge of the competency group members;
3. To explore the extent to which alternative nature-based solutions might be able to 

address the objectives and develop a list of solutions that the competency group 
identified as warranting further appraisal.

3.1  Competency group

While a number of different participatory modeling approaches have been proposed, 
this project employed a competency group approach, a process of engagement in 
which natural and social scientists collaborate over time with residents impacted 
by flooding in localities in which environmental management is already a source of 
controversy (Lewis and Ernstson 2017; Whatmore 2009). In southeast Louisiana, 
public opposition to the planned diversion of Mississippi River water and sediment 
into the Breton Sound Estuary has coalesced around the impacts of the over-freshen-
ing of coastal estuaries and the potential displacement of fisheries (Day et al. 2018). 
In order to account for this public opposition, as well as the current levels of distrust 
between residents and scientists, the competency group approach was used to allow 
residents to play an active role in the development of the numerical models used 
during the participatory modeling process. The competency group consisted of ten 
residents and six scientists who met in the town of St. Bernard, LA, on a monthly 
basis from March to October 2018. These meetings were organized and scheduled to 
get feedback and insight from locals about the condition of the estuarine system of 
Breton Sound Estuary, which coastal hazards they are concerned about, and the type 
of natural and nature-based solutions that could help reduce that hazard. The TEK 
gathered through this process was used to update the 2017 Louisiana Coastal Mas-
ter Plan Integrated Compartment Model (ICM) and integrated biophysical Delft3D 
model that were used during the participatory modeling process.



1 3

Elevating local knowledge through participatory modeling:…

3.2  Participatory modeling

Participatory modeling involves the active and direct participation of local residents 
in model formulation and in the process of building the model itself. Residents pro-
vide input to the model, contribute to the identification of model components, the 
linkages of these components, and the dynamics between and among components 
(Mendoza and Prabhu 2005). The process integrates local knowledge with accu-
mulated technical scientific knowledge, leading to an improved understanding of a 
system’s interactions and behavior, allowing local residents to contribute informa-
tion regarding the coastal restoration planning process within their own communi-
ties (Carruthers et al. 2017). However, for the process to be embraced at the local 
level, participatory modeling must represent scientific knowledge in a simple and 
transparent way, stripped of the complexity that often characterizes numerical mod-
els (Voinov and Gaddis 2008). The competency group method accomplished this by 
allowing the numerical models to be co-developed with direct input from residents. 
These co-developed models were used during the participatory modeling phase of 
the research to test the ability of nature-based solutions and restoration projects 
identified by the competency group as having potential to enhance the stability and 
resilience of the region.

4  Methods

4.1  Workshop facilitation

The participatory modeling component of the project took place from June through 
October 2018 and included two meetings of the full competency group. Data were 
gathered through facilitated small group discussions and local knowledge mapping 
(LKM) exercises. LKM is a technique that encourages participants to identify areas 
of value or concern that are not readily available through traditional quantitative and 
cartographic methods (Clavel et al. 2011; Curtis et al. 2018). This method is a pow-
erful way to integrate qualitative data into quantitative ecological models that can 
support decision-making in regard to coastal protection and restoration (Carruthers 
et  al. 2017). Facilitation of the LKM exercise began by dividing the competency 
group members into five competency mapping groups containing between four and 
five participants each, including both scientific and local knowledge experts. Divid-
ing the competency group into smaller competency mapping groups provided the 
opportunity for in-depth discussion about the possible outcomes, benefits, and con-
straints of each proposed project, resulting in a wider range of nature-based solu-
tions to assess.

Each competency mapping group marked and annotated a base map, identifying 
and labeling locations in the estuary where group members believed specific nature-
based solutions would provide the greatest resilience benefits. The base maps devel-
oped for the LKM effort provided enough key contextual information to the group 
members to allow them to easily identify geographic features while not influencing 
the project development process (Fig. 2). Contextual information was limited to the 
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current land–water interface and labels for significant waterbodies as well as towns, 
villages, and cities within the study area.1

Participants also filled out an associated LKM worksheet to provide additional 
details on the project being developed, including information on the goals of the 
project and the scenarios that they wanted the project to be tested under (Fig. 3). 
The LKM worksheet is in paper format and two pages in length. The first page of 
the worksheet is comprised of five questions focusing on specific nature-based solu-
tions that each competency mapping group wanted to use the models to test. The 
second page focuses on the different scenarios that group members wanted to test 
these solutions under. The competency group meetings were also audio recorded 
with participants’ consent, transcribed, and coded to provide additional detail and 
clarification on the projects and scenarios that may not have been captured in the 
worksheets.

4.2  Project and scenario development

Participants were provided with a hard copy of the LKM template and subsequently 
guided through the process of nature-based solution project selection and scenario 
identification through use of the LKM worksheet. Project-specific prompts asked 
participants to: (a) describe the nature-based solution they were interested in imple-
menting, (b) spatially locate the identified nature-based solution on a map, (c) cat-
egorize the desired outcomes motivating project selection, (d) identify a model out-
put that could quantify the outcomes, and (e) identify specific benefits or constraints 
associated with implementation of the identified solution (e.g., synergy with existing 
solutions, changes to flood risk, likelihood of funding approval, potential concerns 

Fig. 3  Competency mapping groups discuss project selection and model development

1 The land–water interface geodata was originally created for the 2017 Coastal Master Plan. Place geo-
data was pulled from the U.S. Bureau of Census’ publicly available TIGERLine database. Water bodies 
and waterway flow lines were adapted from the U.S. Geological Survey’s National Hydrography Dataset.
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with project longevity). Scenario-specific prompts asked participants to identify 
potential scenarios to test the identified solutions against. Scenario examples were 
provided to the competency group and included adjustments to rate of sea level rise, 
performance against historic storm tracks and intensities, modifications to known 
subsidence rates, alterations to the frequency of drought, high-intensity rainfall, riv-
erine flooding from the Mississippi River, and variations in storm surge or wind-
based scenarios. Other potential scenarios included anthropogenic alterations to the 
landscape, such changes to the operating regime of sediment diversion projects in 
Breton Sound, and the inclusion or exclusion of 2017 Coastal Master Plan projects. 
To clarify the applicability of a given scenario, participants were also asked to iden-
tify the outcomes the scenario was designed to analyze (e.g., changes to salinity, 
changes to vegetation, land building potential).

Following the competency group’s selection of desired restoration projects and 
scenarios, the project team transformed the LKM annotations into a digital form by 
scanning the paper map output and georeferencing them in a geographic informa-
tion system (GIS) (Fig. 4). The research team then digitized the project’s footprint 
and created unique feature classes for each project (Fig. 5). All three types of gen-
eral GIS feature classifications (point, line, and polygon) were required based on 
the range of projects selected by the competency group. Point features were used to 
indicate a discrete project location, including the site of an existing rock dam iden-
tified for removal and the location of new river diversion structure. Line features 
were used to show the spatial extent of project classes that are typically linear in 
nature. Examples of linear features identified through the LKM process include the 
placement of shoreline protection structures and the infilling of oil and gas pipeline 
canals. Finally, polygon features were used to identify the areal extent of a restora-
tion project’s footprint when a discrete point or line was not descriptive enough to 
illustrate the wider impact of the identified project. This included the placement of 
marsh creation projects and the areal extent of terracing projects meant to capture 
sediment and build land. Each of the digitized features was classed based on the 
type of nature-based defense and assigned a unique identifier based on the mapping 
group that developed the project. Data derived from the LKM 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 and provided to 
the modeling team for evaluation. The modeling team adapted the generalized pro-
ject feature to the landscape to assure comparability with the models, and the final 
project footprints (Fig. 6) were reviewed and edited by the full competency group.

4.3  Project and scenario modeling

Two numerical models were adapted by the competency group and used to test 
the ability of the planned nature-based solutions to achieve the desired outcomes 
(Meselhe et  al. in press). The Integrated Compartment Model (ICM), a planning-
level tool developed for Louisiana’s 2017 Coastal Master Plan, has a large grid 
size and a relatively fast computing time (Louisiana Coastal Protection and Res-
toration Authority 2017). This comprehensive landscape model, referred to by the 
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competency group as the “fast model,” was used to perform decadal simulations and 
examine the impact of environmental drivers on coastal ecosystems. The ICM was 
used to assess how salinity and water level variability affect the spatial distribution 
of vegetation taxa as well how hydrodynamic forcings and marsh edge erosional 
processes impact wetland loss rates. The ICM was also used to assess how changes 
in organic matter accretion and sediment deposition impact wetlands under a num-
ber of sea level rise scenarios (Alymov et al. 2017).

The second model used to test the effectiveness of the proposed nature-based 
solutions was the Integrated Biophysical Model (IBM), a project-level Delft3D 
model that has small grid cells and a slow computing time, referred to by the group 
as the “slow model” (Baustian et al. 2018; Meselhe et al. 2015). The IBM couples 
hydrodynamics, nutrient dynamics, vegetation dynamics, and morphodynamics 
to model changes to wetland vegetation and estuarine open water (Baustian et  al. 
2018). Additionally, scenarios that included future environmental conditions (sea 
level rise and subsidence) and the impacts of hurricane-force winds, water levels, 
and drought conditions were run with the IBM.

Due to computing time and computational resources required to run the mod-
els, many of the projects proposed by the competency group were initially screened 
and evaluated using the ICM. When the initial model results from the ICM-sug-
gested potential benefits from particular projects, these projects were then evaluated 
using the IBM. Because conducing model runs with the IBM is computationally 
expensive and time consuming, this model was strategically used in a select num-
ber of simulations to illustrate the response of the landscape to the implementation 
of nature-based solutions under select environmental conditions. The advantages 
and disadvantages of both models were discussed with the competency group prior 
to the participatory mapping exercise to determine which model best captures the 
ecological, hydrological, and morphological aspects of the estuary that participants 
were interested (Table 1).

5  Results

A total of 21 natural and nature-based solutions (named with the prefix PXXX) 
were catalogued based on input from the full competency group. Of these 21 pro-
jects, one was outside of the model domain and four were deemed duplicative of 
other proposed projects and combined, leaving 16 projects to be modeled (Table 2). 
Ridge restoration and marsh creation projects were most frequently recommended 
by the competency mapping groups during the LKM workshops. Ridge restoration 
was also identified as the single most important nature-based solution in a survey of 
competency group members conducted at the conclusion of the project.

The competency group proposed four main marsh creation projects (P001, 
P009, P011, and P012) as nature-based solutions in Breton Sound Estuary. Three 
of the created marshes were designed to fill in the shallow open water and restore 
the marsh habitat, and the fourth was to maintain the shoreline edge around Lake 
Lery. Model run scenarios for these projects also included the operation of the pro-
posed Mississippi River sediment diversion project proposed by CPRA (Mid-Breton 
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Sediment Diversion). The potential ecosystem functions evaluated for these nature-
based solutions include nutrient uptake, fisheries habitat, and soil carbon storage. 
The group also proposed a series of ridge restoration projects (P004, P005, P006, 
and P007) to protect residents living proximate to Breton Sound Estuary. The group 
members were most interested in how these ridges could dampen the water levels 
from major weather events like a strong and persistent southeast wind or hurricane-
force winds. To test this, model run scenarios for these projects used 2005’s Hurri-
cane Katrina as a template.

Projects with the same desired restoration outcomes (e.g., Marsh Creation: P001, 
P009, P011, and P012) were consolidated into single model runs to save computing 
resources, resulting in nine grouped projects to evaluate. The most appropriate eco-
system model was chosen based on the model’s capability to evaluate each nature-
based solution and environmental scenario identified by the competency map-
ping groups in the LKM surveys. For example, the ICM was utilized to determine 
whether land loss could be slowed down by the proposed marsh creation projects 
(P001, P009, P011, and P012), and then, the IBM was run to provide more detailed 
outputs. Conversely, because the ICM does not possess the capabilities to model 
storm surge, the ridge restoration projects (P004, P005, P006, and P007) were only 
run with the IBM to see if these projects could protect coastal communities under 
future storm scenarios. The majority of these project groupings were evaluated at 
year 20 to assess the potential ecosystem function with and without nature-based 
solutions. For the storm surge and constant wind simulations used to assess the 
effect of ridge restoration on water elevation, the model utilized year 0 (current con-
ditions) data only. The first model run (P000) included no new nature-based solution 
features so that it can be compared to the other model runs that included proposed 
nature-based solutions.

While several project types were evaluated by the competency group, the results 
of the marsh creation and ridge restoration projects noted above are discussed here. 
Initial project evaluation of marsh creation projects coupled with terrace features 
using the ICM shows increases in both sediment accretion and water level upstream 
of the terraces. A net land loss was predicted at year 20 due to the localized inun-
dation-related stressors to the wetland vegetation. Project evaluation with the IBM 
shows no significant impact on the hydrological condition (mean water level, salin-
ity, sediment accretion) in the project area at year 10.

The evaluation of the ridge restoration projects using the IBM shows that restor-
ing historical ridge features can block and reduce storm surge heights locally. How-
ever, the ridges can also trap surge flow, resulting in increases in surge height in 
other locations, suggesting a trade-off in costs and benefits of the project. This is 
because surge height is highly dependent on wind direction and storm path. When 
the impacts of a strong, constant wind was modeled, the results show that water 
levels on the backside of ridges were reduced until water levels reached the ridge 
elevation. However, similar to the impacts of storm surge, the presence of ridges 
increased the local water elevation due to the ridges trapping water. Water elevation 
changes were highly related to the wind direction and orientation of ridges.

The results of these model runs were presented to the competency group dur-
ing the final meeting of the group. Project fact sheets were developed for each of 
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the nine project groupings, providing a detailed description of the project, the sce-
narios considered in the model runs, comments from the modeling team describing 
the results of each model run, and an approximate project cost (Fig. 7). The project 
unit costs were based on average values used in the 2017 Coastal Master Plan and 
provided as a means to illustrate the potential scale of a project’s overall cost rather 
than provide a detailed estimate as it was not feasible to capture any site-specific 

Fig. 7  Example draft project summary sheet presented to the competency group in October 2018 for 
review
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restoration elements or other project constraints. Following a final review by the full 
competency group, the fact sheets were bound and presented to each of the group 
members. Digital versions of this booklet were also provided electronically to ensure 
that the results of this process could be easily disseminated.

At the conclusion of this process, a paper survey was provided to all group mem-
bers to allow them to provide feedback on the participatory modeling process. A 
total of ten group members participated in the survey, which contained a series of 
short, open-ended questions and 12 questions with a Likert-type scale (from poor 
to excellent) to assess aspects of the meeting process and logistics (Table 3). Over-
all, the survey results suggest that the participatory modeling approach can be an 
effective way to update ecosystem models and test ideas about potential natural and 
nature-based solutions to coastal hazards (Meselhe et al. in press). With regard to 
meeting logistics, respondents consistently assessed the quality and organization of 
the meetings, clarity of the goals, and the consideration of all opinions in the good 
to very good range. Group members found the process to be “fundamentally differ-
ent” from other coastal planning and science meetings as public input “was sought 
prior to modeling efforts.” Additionally, group members noted that this process was 
more inclusive and involved a more diverse group of participants than “the usual 
coastal planning meetings” and that “most coastal planning meetings don’t include 
people from the community.”

Likewise, the meeting outcomes were generally deemed successful by group 
members, who highly ranked their responses about learning something from this 
collaboration, that their voices were heard, and that certain members did not have 
too much of an influence on the discussion and decision to include natural and 
nature-based projects or adjustments to the models. One group member noted that 
participatory modeling should “absolutely” be included in future coastal planning 

Table 3  Survey questions used to assess the effectiveness of the competency group process

Meeting logistics
1. Quality of the meeting preparation and communication
2. Clarity of project goals
3. Meeting organization and conduct
4. All opinions were considered during the group meetings
Meeting outcomes
1. Do you feel like your voice was heard during our group meetings?
2. Do you feel that your perspective was represented in the restoration projects?
3. Did your opinions and understanding of restoration projects change over the course of our meetings?
4. Did your understanding of the modeling process change over the course of the group meetings?
5. Do you feel certain members of the group had too much of an influence over selected projects and 

models?
6. Do you feel like you learned something from your collaborators?
7. Do you feel that the groups’ models and projects are distinct from state projects and processes (i.e., 

CPRA/CWPPRA)?
8. Overall, do you feel that the project outcomes reflected the project goals?
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processes and that the process allowed for a true “exchange of ideas between resi-
dents and scientists.” This exchange of ideas resulted in an enhanced co-learning 
process, whereby scientists learned that the public is “quite knowledgeable about the 
systems dynamics” and the public learned that the models have tremendous benefits 
but that they also have their limitations. It is these last points that perhaps explain 
the lowest ranked response from group members, many of whom felt that the final 
models were only moderately distinct from other models developed by state agen-
cies. One group member noted that the overall results could have been improved 
if the scientists gave more consideration to making changes to the “default model 
conditions.” Yet this shortcoming was generally viewed as something that could 
be overcome with “more time or a longer project duration.” Most group members 
felt that continued engagement was a key to the success of the participatory mod-
eling process. Ultimately, by working together over an 8-month period, the group 
felt that they were able to effectively bridge perceived knowledge gaps and foster 
an increased sense of trust between scientist and residents, which allowed modeling 
information and traditional ecological knowledge to be more effectively co-deliv-
ered and co-shared.

6  Conclusions

For coastal protection and restoration to proceed in a socially just manner, the coastal 
planning process will need to strike an effective balance between science-driven 
processes and engagement with residents and stakeholder groups. This is especially 
important in areas vulnerable to risk as well as those likely to be affected by policy 
actions (Hemmerling et al. 2019). Such collaborative natural resource management 
process requires a combination of descriptive and prescriptive knowledge as well as 
local capacity and desire for change. Because local resource beneficiaries in coastal 
Louisiana, and in most if not all coastal communities in general, have such knowl-
edge and capacity, localized engagement is crucial to the successful implementa-
tion of coastal protect and restoration projects. The people who live and work in 
coastal communities have developed a wealth of knowledge from their experiences 
and should be considered as valid “sensors” of their environment (Goodchild 2007). 
Despite the presence of this evidence base, it remains effectively untapped. This can 
be attributed to the fact that there are often overlapping layers of power between sci-
entists and local residents—often with scientists leading the projects and dominating 
the balance of power due to their academic status and wider access to funding and 
formal education (Jordan et al. 2018). Regardless of scientific intention, this can cre-
ate a cycle of repudiation often at odds with the endgame of unbiased decision-mak-
ing (Steel and Whyte 2012). Indeed, the extant research has overwhelmingly relied 
on “official” data to understand and then proscribe actions to promote resilience.

This project took a different tack by elevating local knowledge as a scientific 
data source and collecting and analyzing it in ways that are systematic, rigorous, 
and replicable to create a model of community-informed resilience in concert with 
actionable policy (Curtis et al. 2018). Application of participatory modeling meth-
ods for modeling complex coastal environments can help incorporate stakeholder 
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input into a traditionally analytical decision-making process. Used properly, it can 
be an important tool in fostering stakeholder buy-into the oft-contentious solutions 
posited by organizations charged with coastal restoration activities. An extra-dis-
ciplinary approach, when applied to modeling efforts or any solely scientific pro-
cess, can account for localized knowledge often overlooked during consolidation of 
a study domain’s knowledge base. Participatory modeling is particularly compat-
ible with the rising focus on integrated natural resources management grounded in 
systems theory aiming to improve resource resiliency while still accounting for the 
socioeconomic concerns of the surrounding community (Voinov and Gaddis 2008). 
Such an integrated systems management approach requires development of solutions 
for unique local situations, a task that is supported by engaging stakeholders in the 
research process through collection of traditional ecological knowledge. Participa-
tory modeling, as demonstrated in this effort, provides a useful platform for amal-
gamating scientific understanding with local knowledge. When executed effectively, 
it can provide an objective forum for a diverse group of stakeholders to contribute 
information regarding issues important to them.
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