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ABSTRACT 

This special report summarizes the activities of the Ecological Habitat 
Modeling Workshop held April 11–12, 2019, at the US Fish and Wildlife 
Service (USFWS) Blackwater National Wildlife Refuge Visitors Center in 
Cambridge, Maryland. 

The workshop guided 21 participants through the process of 
conceptualizing, quantifying, evaluating, and communicating ecological 
responses to inform guidance and management decisions for ecological 
restoration projects. Working in interactive groups, participants used the 
restoration work already in progress at nearby Swan Island as the basis 
for their model development. Over the course of the two-day workshop, 
participants learned the mechanics and challenges of applying modeling 
processes to shape the restoration of dynamic ecosystems. Through group 
work and brainstorming, they identified a number of benchmarks to 
assess restoration success and future resilience. To accommodate the 
changeable and often unpredictable natural events that can shape 
ecosystems, workshop facilitators emphasized building iterative, fluid 
ecological habitat models. 

Next steps include publishing this special report and scheduling a follow-
up workshop that will include a site visit to Swan Island.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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PREFACE 

This report summarizes the collaborative activities of a workshop 
conducted on the topic of ecological habitat modeling. It was held April 
11–12, 2019, at the US Fish and Wildlife Service (USFWS) Blackwater 
National Wildlife Refuge Visitors Center in Cambridge, Maryland. 

The workshop was coordinated by Ms. Paula Whitfield, research ecologist, 
of the National Oceanic and Atmospheric Association’s (NOAA) National 
Ocean Service (NOS)–National Centers for Coastal Ocean Science 
(NCCOS) in Silver Spring, Maryland and facilitated by Drs. Brook 
Herman, research ecologist, and Todd Swannack, research ecologist, of 
the Integrated Ecological Modeling Team at the US Army Engineer 
Research and Development Center (ERDC) in Vicksburg, Mississippi. The 
workshop was made possible by support offered through USACE’s 
Engineering With Nature® (EWN®) initiative. 

The organizers would like to thank Mr. Matt Whitbeck, supervisory 
wildlife biologist, of the USFWS and manager of the Blackwater National 
Wildlife Refuge, for providing the conference venue and facilitating on-
site computer and facility support. Additionally, the organizers wish to 
thank all of the workshop participants who shared their knowledge and 
experience, which made it possible to advance the collaborative Swan 
Island Project and the ecological models that will support future 
monitoring and restoration efforts. 

At the time of publication of this report, Dr. Ilker Adiguzel was Director of 
ERDC’s Environmental Laboratory. COL Teresa A. Schlosser was 
Commander of ERDC and Dr. David W. Pittman was Director of ERDC. 

This special report should be cited as follows: 

Herman Brooke, Todd Swannack, Jeffrey King, Paula Whitfield, Jenny Davis, Danielle 
Szimanski, Duncan Bryant, and Joe Gailani. 2019. Proceedings from the US Army Corps of 
Engineers (USACE) and the National Oceanic and Atmospheric Administration (NOAA)–
National Ocean Service (NOS) Ecological Habitat Modeling Workshop. Vicksburg, MS: US 
Army Engineer Research and Development Center.
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EXECUTIVE SUMMARY 

This ecological modeling workshop is the result of a relationship that has 
grown in recent years between the US Army Corps of Engineers (USACE) 
and the National Oceanic and Atmospheric Administration (NOAA). At 
the heart of that relationship is a mutual interest in prioritizing 
collaborative projects that support the Engineering With Nature (EWN) 
initiative. Having identified areas of mutual research interest through 
earlier collaborative workshops (Bridges, Banks, and King 2016, 12–20), 
the pursuit of a large, collaborative project was a natural next step. 

In summer 2018, NOAA and USACE began the process of dedicating 
resources that would allow for the pre- and postconstruction monitoring 
of a restored island, Swan Island in the Chesapeake Bay. Swan Island, 
adjacent to Smith Island in Somerset County, Maryland, functions as a 
natural breakwater for the town of Ewell. 

In fall 2018, Baltimore District began dredging and placing 61,000 cu yd1 
of sediment on the island as part of the restoration effort. This work 
culminated in late April 2019, shortly after the workshop. The Baltimore 
district established natural and nature-based features (NNBF), including 
high and low marsh and beach and dune vegetation. They completed the 
planting in July 2019. A joint effort between USACE Baltimore District, 
the USACE Engineer Research and Development Center (ERDC), NOAA–
National Ocean Services’ (NOS) National Centers for Coastal Ocean 
Science (NCCOS), the US Fish and Wildlife Service (USFWS), and the 
Maryland Department of Natural Resources (MD DNR) will study the 
island for the next three years to better understand its ecological and 
engineering performance. 

Upon completion of the initial, preconstruction sampling of the island, 
NOAA and ERDC investigators recognized the value of leveraging the 
collected data to pursue ecological modeling for future management 
decisions while quantitatively evaluating the long-term performance of 
Swan Island. USFWS and MD DNR scientists and resource managers also 
agreed that introducing a modeling element would help achieve the 
project’s overall goals. Thus, the workshop arose out of the project team’s 
desire to identify and validate the appropriate parameters for this study, 
establish predictive tools using ecological habitat models, define 
successful outcomes for the project, contribute findings and improved 
methodologies, and create new, innovative methodologies to address 
island performance. 

                                                           
1. For a full list of the spelled-out forms of the units of measure used in this document, please refer to US Government 

Publishing Office Style Manual, 31st ed. (Washington, DC: US Government Publishing Office, 2016), 248–52, 
https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-STYLEMANUAL-2016.pdf. 



 

viii 

The workshop used Swan Island as a case study to teach participants the 
process of conceptualizing, quantifying, evaluating, and communicating 
ecological responses, with a goal of informing guidance and management 
decisions for ecological restoration projects. The workshop was held April 
11–12, 2019, at the USFWS Blackwater National Wildlife Refuge Visitors 
Center in Cambridge, Maryland. There were 21 participants representing 
a variety of organizations, including USACE, NOAA’s NCCOS and 
National Marine Fisheries Service, USFWS, MD DNR, the University of 
Pennsylvania, and the University of Toronto. Please see appendix A for a 
full list of conference participants and their respective organizations. 

There were three primary objectives associated with the workshop: 

1. Support modeling as a tool to drive the design, monitoring, and 
evaluation of ecological restoration projects using hands-on learning 
modules 

2. Review sampling parameters, determine additional sample collection 
needs (if any), and collaboratively pursue the development of models that 
guide the future monitoring and evaluation of the Swan Island 
restoration project 

3. Achieve consensus on the best approach for harnessing the power of 
ecological modeling to advance the overall project outcomes and the 
broader objectives of the EWN initiative 

The two-day workshop began with introductions by all attendees. Next, 
representatives involved in the Swan Island restoration project from 
NOAA, ERDC, and USACE–Baltimore District presented, among other 
things, an overview of the project’s goals, work completed on site, work 
that remains on site, and information about the environmental and 
hydrodynamic parameters being monitored and collected before project 
construction (completed before the workshop) and after project 
construction (completed after the workshop in August 2019). 

Workshop facilitators presented an overview of the concepts, processes, 
and challenges of ecological habitat modeling. Participants then worked in 
small groups to create their own models for the Swan Island project. 

Break-out sessions were held the afternoon of the first day and the 
morning of the second. During these sessions, participants identified 
restoration goals, anticipated likely challenges when pursuing these goals, 
identified important system components, and diagrammed conceptual 
models for the Swan Island restoration work. Participants presented and 
compared their draft models in the workshop’s final session.2 Trainers 

                                                           
2. Shortly after the workshop, the project team refined one of the general, linear-conceptual models, which was developed in 

the workshop, to produce a simplified model that specifically targeted the funded project objectives. Both models are presented in 
these proceedings (figures 2 and 4). 
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then presented the next steps in model development, including 
approaches for quantification, evaluation, and application. The group 
then discussed the usefulness of such models to inform monitoring and 
adaptive management plans and communicate with stakeholders and 
funding agencies. 

The project team is currently planning a follow-up workshop, which will 
include a Swan Island site visit. 
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1 Introduction 

1.1 Background 

The US Army Corps of Engineers’ (USACE) Engineering with Nature 
(EWN) initiative began in 2010 with the goal of increasing project value 
using natural systems and processes, developing solutions through 
partnerships and collaborations, and encouraging innovation in water 
infrastructure development through field-scale demonstrations. Since its 
inception, the EWN portfolio has grown considerably, with research and 
development distributed across the navigation, ecosystem restoration, 
and flood-risk management business lines. EWN continues to produce 
practical tools and solutions by supporting efforts to engineer with nature. 

The National Oceanic and Atmospheric Association’s (NOAA) National 
Centers for Coastal Ocean Science (NCCOS) has a similar research and 
development profile in their Coastal Change Portfolio. This portfolio 
analyzes the ecosystem services that improve a community’s resistance to 
the impacts of weather and changing climate conditions. NCCOS provides 
timely and actionable scientific assessments, information, and tools that 
coastal communities use to make risk management decisions. 

Within USACE’s EWN initiative and NCCOS’s Coastal Change Portfolio 
exists a subset of research interests specifically focused on natural and 
nature-based features (NNBF). NNBF are those features that define 
coastal landscapes, including barrier islands, beaches and dunes, 
maritime forests, wetlands and seagrass beds, biogenic reefs, and more 
(figure 1). Using and restoring NNBF to provide ecosystem services, 
reduce storm risks, and enhance coastal resilience is a prime example of 
how engineering with nature achieves multiple benefits. NNBF include 
both natural features and those that are nature-based, that is, features 
designed and constructed to provide functions and services comparable to 
natural features. Please visit www.engineeringwithnature.org and 
https://coastalscience.noaa.gov/category/zcoastal-change/natural-and-
nature-based-features/ for more information on efforts pertaining to 
NNBF. 

In March 2016, researchers affiliated with USACE’s EWN initiative and 
NCCOS’s Coastal Change Priority attended a collaborative workshop on 
NNBF in Charleston, South Carolina (Bridges, Banks, and King 2016). 
This workshop developed connections between the two organizations’ 
leaders and staff, resulting in several project ideas. Over the next two 
years, the scientists and engineers affiliated with these organizations 
continued their discussions, participated in subsequent workshops, and 
identified opportunities to collaborate. Ultimately, those engagements 
and continued interest in NNBF research contributed to the identification 
and funding of the Swan Island Research Project. 
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Through a series of communications starting in spring 2018, NCCOS and 
US Army Engineer Research and Development Center (ERDC) 
researchers engaged project managers in Baltimore District to learn more 
about the proposed restoration of Swan Island. In October 2018, USACE–
Baltimore District began dredging the navigation channel that runs 
between Swan and Smith Islands near the Maryland-Virginia border and 
beneficially used 61,000 cu yd of the dredged sediments to restore the 
footprint of Swan Island (figure 2). The district completed dredging and 
sediment placement in April 2019, shortly after the workshop, and 
planting in July 2019, which included establishing NNBF such as high and 
low marsh and beach and dune vegetation. Planting was completed in 
July 2019. The creation and expansion of these habitats will have 
significant benefits: ecosystem service provision, increased resilience of 
Swan Island to future sea-level rise, and abatement of erosive losses for 
the town of Ewell on adjacent Smith Island. However, there is currently 
no mechanism in place to evaluate whether the project achieved these 
intended outcomes, and therefore there exists an urgent need to properly 
quantify and substantiate the widely held beliefs. Long-term monitoring 
of USACE projects, which can fill the gaps that exist within research and 
development, is difficult given that USACE construction, operations, and 
maintenance requirements often do not allow for such strategic actions. 
However, this project will address the previously described information 
gap by gathering and evaluating the ecological and physical data 
necessary to evaluate the outcomes of the Swan Island restoration (see 
appendix B for additional information specific to Swan Island and the 
research and development project). 
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Figure 1. Example natural and nature-based (NNBF) found in coastal environments 
 (from Bridges, Todd S., Cynthia J. Banks, and Jeff K. King. 2016, 2). 

 

NCCOS researchers visited the site in late summer of 2018 to collect 
preconstruction data that provided the baseline information to evaluate 
impacts of sediment placement on the intertidal and subtidal vegetative 
communities and nearshore oyster populations. Likewise, ERDC 
engineers constructed and deployed three platforms prior to construction 
in an effort to better understand the hydrodynamic conditions that existed 
prior to restoration activities. In early 2019, the principal investigators 
acknowledged that the data sets generated over the course of this study 
would include several complex hydrodynamic parameters. Moreover, they 
realized that an opportunity existed to expand overall project outcomes 
through the use of modeling, which they could accomplish through the 
collection of each data set. Therefore, by leveraging the data in this way, 
researchers could construct, update, and improve ecological models over 
the project lifecycle to inform real-time decisions pertaining to adaptive 
management. 

To that end, the principal investigators invited members of ERDC’s 
Integrated Ecological Modeling Team to share information that would 
support the development of ecological models applicable to Swan Island. 
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This initial engagement ultimately resulted in enthusiastic support for a 
workshop that would allow participants to learn how to conceptualize, 
quantify, evaluate, and communicate ecological responses to inform 
guidance and management decisions for restoration projects such as the 
Swan Island project. 

The Ecological Habitat Modeling Workshop was held April 11–12, 2019, in 
support of the Swan Island Restoration project. 

1.2 Objective 

There were three primary objectives associated with the workshop: 

1. Support modeling as a tool to drive the design, monitoring, and 
evaluation of ecological restoration projects using hands-on learning 
modules 

2. Review sampling parameters, determine additional sample collection 
needs (if any), and collaboratively pursue the development of models that 
guide the future monitoring and evaluation of the Swan Island 
restoration project 

3. Achieve consensus on the best approach for harnessing the power of 
ecological modeling to advance the overall project outcomes and the 
broader objectives of the EWN initiative 

1.3 Approach 

Embedded within the above objectives are targeted outcomes that support 
the development of a monitoring and adaptive management plan (MAMP) 
for the island, including a description of the model and how to quantify 
and evaluate it as the data become available. The overarching goal of the 
model is to measure and evaluate several anticipated outcomes associated 
with the Swan Island project including, but not limited to, the following: 

• How have the restoration actions enhanced the coastal protection 
capacity? (for example, modeling action and no-action scenarios to 
quantify reductions in wave energy/attenuation provided by the island) 

• What is the coastal protection capacity of Swan Island under various sea 
level rise projections? (that is, comparing action and no-action scenarios) 

• How has the sediment deposition and vegetation planting affected the 
habitat benefits provided by the island? (for example, modeling 
vegetation, diversity, density, and species distribution as well as 
inundation period; vegetation period and inundation data as proxy for 
birds and fisheries species) 

The subsequent sections of this special report provide details and 
outcomes from the workshop.
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2 Workshop Process 

The Ecological Modeling Workshop served as a venue for scientists and 
engineers to work together to develop an ecological model and learn the 
importance and value of codifying project-level details in an MAMP for an 
ecological restoration project. The Swan Island project serves as an 
example throughout the workshop to demonstrate the ecological model 
development process. 

At the time the workshop was conducted, the restoration of Swan Island 
was already underway, with dredging of the channel and placement of the 
sediment completed while the workshop was taking place. Thus, attendees 
of the workshop needed to accomplish several tasks in order to support 
the overall outcomes of the three-year, monitoring and adaptive 
management aspect of the Swan Island restoration project. First, 
participants identified the ecological systems affected by the restoration. 
Then they defined the critical system parameters for the model. They 
considered parameters outside the scope of the proposed monitoring (if 
money and logistics were not an issue) and within the scope of the 
monitoring (for example, to meet the funded objectives). The participants 
used this exercise to develop the initial conceptual models. The facilitators 
then guided participants through the model conceptualization, 
quantification, evaluation, and application process with a series of 
examples and break-out group exercises relevant to the Swan Island 
project. Finally, workshop facilitators briefed participants on developing a 
MAMP and the overall use and value of such a plan, including how to use 
it as a communication tool between project participants and external 
stakeholders. 
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3 Agenda and Workshop Structure 

The full workshop agenda can be found in appendix C. 

3.1 Background and Introductions 

The two-day workshop began with introductions and an overview of the 
Swan Island restoration work, presented by Danielle Szimanski (USACE) 
(appendix D and E), Jenny Davis (NOAA) (appendix F), and Duncan 
Bryant (USACE) (verbal presentation only)—scientists involved in the 
project. Background presentations included a status update on the Swan 
Island restoration and the hydrodynamic and ecological monitoring 
completed to date. Again, preconstruction monitoring of the vegetation 
(sub/intertidal), sediment, and elevations—as well as installation of three 
platforms with acoustic Doppler velocimeter (ADV) sensors—was 
completed in August and September 2018, prior to the workshop in April 
2019. 

3.2 Measuring Ecological Outcomes/Modeling Basics and Process 

After the overview presentations about the Swan Island project, workshop 
facilitators Brook Herman and Todd Swannack from USACE provided an 
introduction to ecological modeling concepts, including the basics of 
developing a model, processes for measuring outcomes, practicing 
adaptive management, and carrying out ongoing project monitoring. 
Please see appendices G and H for their presentation slides. 

They emphasized that, unlike an engineering model, which generally has 
predictable, static outcomes, developing an ecological model is an 
iterative process that may sometimes require best professional judgment 
based on expert opinion and qualitative data, because there may be 
unknown factors and unpredictable events (for example, storms, climate 
change) affecting project outcomes. This ecological modeling overview 
was placed within the context of the Swan Island restoration project 
objectives. 

The general modeling process is as follows (Grant and Swannack 2008, 
52): 

1. Conceptualization: Develop conceptual model with specific cause-effect 
relationships between relevant parameters. 

2. Quantification: Quantify relationships between the parameters (that is, 
mathematical equations) based on data collected in the field (depicted in 
table at bottom of figure 3). 
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3. Evaluation: Evaluate the usefulness of the model to simulate island 
processes under known scenarios and future scenarios. Also called model 
validation, at this stage in the process, if model results do not match 
reality, other forcing factors and processes would be included to improve 
model performance. 

4. Application: Once validated, apply the model by conducting simulations 
to address specific project objectives and questions. 

Key overview concepts include the following: 

• Ecological modeling is an iterative process; model development needs 
fluidity. 

• Each person’s/group’s model will be different, because of different 
priorities and concerns, and may change over time. 

• Focus on capturing important system-level socio-ecological changes as a 
response to restoration, and identify important components that drive 
system resilience. 

• Long-term, the model should help communicate the value and benefits of 
ecosystem restoration. 

3.3 Modeling 1: Conceptualization 

The trainers first provided an overview presentation (appendix H) 
describing conceptual models, how they are used, and how to develop one. 
This overview included the characteristics of useful conceptual models 
and how to avoid pitfalls. 

Development of a conceptual model is primarily about identifying the 
important system components and parameters, understanding the 
relationship between those parameters, and predicting how they will 
change as a result of the project restoration. Each model will be different, 
because each model developer has their own priorities, concerns, and 
objectives—all of which change over time. Thus, we should expect 
different conceptual models for similar systems. 

After the modeling basics and overview presentations by the trainers, the 
workshop facilitators split the participants into two interactive working 
groups, each with a trainer, to develop a conceptual model for Swan 
Island. 

The following model objectives were used as a guide: 

1. Inform an MAMP for Swan Island 
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2. Capture important system-level socio-ecological and hydrodynamic 
changes as a response to restoration 

3. Identify important components that drive system resilience (that is, 
ability to recover from disturbance) 

4. Communicate the benefits of ecosystem restoration 

Each team first determined the relevant system components and the 
processes (cause-effect relationships) acting on those components, 
keeping the overall project objectives in mind. Figure 2 below shows the 
primary system components and processes used in the initial conceptual 
model. Next, participants identified metric(s) and a unit of measurement 
for each component. A listed version of the components and parameters 
from figure 2 and a table of the links between the participants’ 
understanding of the system, metrics for monitoring and data collection, 
and the initial conceptual model are illustrated in figure 3. 

The first component of the model (orange rectangle at top, figure 2) 
indicates the stressors and drivers that affect the system but are unlikely 
to change as a result of restoration. That is, the system will be subjected to 
a host of stressors beyond what the model measures (in this example, 
climate, storms, sea-level rise, dredging, run-off, human activities and 
development, subsidence, pollution, boat wakes, ice, recreation, and 
herbivory). These stressors can be incorporated as stochastic events if 
relevant to the system. The primary components of the initial model are 
the hydrodynamics, geomorphology, and water quality components. 
These components contain parameters that influence, or will change as a 
result of, the restoration, and several aspects of these components 
can/will be measured during sampling. Hydrodynamics’ parameters 
include infrastructure, tidal prism, water level, and current; water 
quality’s parameters include nutrients, dissolved oxygen, turbidity and 
clarity, and pH; and geomorphology’s parameters include the transition 
zone, topographic design, elevation, infrastructure, vegetative design, 
shoreline structure and change, and habitat complexity. Finally, the 
middle of the figure shown with the large blue arrows contains 
parameters that are the most important in terms of monitoring for 
ecosystem change as well as how they relate to the restoration project 
objectives. These parameters are waves, sediment, biomass, and habitat 
(including SAV, dunes, high marsh, low marsh, and oysters). The arrows 
indicate the direction of the cause-effect relationships between the 
parameters. So, for example, waves affect sediment, which affects 
biomass, which affects habitat, and all of these affect the component 
geomorphology. Of the components, hydrodynamics affects waves and 
sediment while water quality affects biomass. Of particular note is the way 
biomass affects shoreline structure and change and the way biomass also 
affects sediment, which together with waves affect elevation (figure 2). 

Figure 3 depicts monitoring metrics (in table) that are linked to the 
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conceptual model of Swan Island (graphic above the table). 

The table in figure 3 describes the metrics, measurements, and predicted 
changes over time, and the elements of that table are organized in the 
outline below: 

• Waves 

• Metric: currents 
• Measurement: ADVs on three platforms 
• Prediction: stable (neutral) 

• Waves/sediment 

• Metric: turbidity 
• Measurement: ADVs on three platforms 
• Prediction: decrease (-) on south side; stable on north side (neutral) 

• Waves 

• Metric: waves 
• Measurement: pressure differential; ADVs on platforms 
• Prediction: decrease (-) on south side; stable on north side (neutral) 

• Biomass/habitat 

• Metric: establishment 
• Measurement: quadrats, percent cover, density, and species along 

transect 
• Prediction: increase (+) followed by stable (neutral) 

• Sediment/biomass/habitat 

• Metric: elevation 
• Measurement: real-time kinematic (RTK) GPS points along transect 
• Prediction: increase (+) followed by stable (neutral) as vegetation 

establishes 

• Sediment/habitat 

• Metric: sediment characteristics 
• Measurement: sediment cores on transect 
• Prediction: dominant class; size stabilizes 

• Sediment/biomass/habitat 
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• Metric: pH and acidification
• Measurement: porewater cores
• Prediction: unknown

• Waves/sediment/habitat

• Metric: submerged bathymetry
• Measurement: Light Detection and Ranging (LIDAR) and/or boat

surveys
• Prediction: habitat and hydrodynamic modeling

• Habitat

• Metric: salinity, oxygen, pH, temperature, and chlorophyll
• Measurement: to be determined
• Prediction: unknown

• Waves/sediment/biomass/habitat

• Metric: shoreline change
• Measurement: LIDAR and/or boat surveys
• Prediction: shoreline will accrete (+) or slow erosion once vegetation

established

The workshop participants created the table in figure 3 using the Swan Island 
conceptual model in figure 2. The graphic headers in figure 3 (that is, 
hydrodynamics, water quality, and geomorphology) link to the conceptual model 
in  figure 2, and this depiction offers the reader a method of organizing and 
binning a diverse set of metrics that will inform future models.
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Figure 2. Swan Island conceptual model. 
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Figure 3. Monitoring metrics (in table) that are linked to the conceptual model  
of Swan Island (graphic above table). 
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Figure 4. Refined conceptual model reflecting the three main measureable components (blue rectangles), each 
comprised of multiple measureable parameters (blue labeled arrows, not all included here). Note the waves 
component was modified to also include circulation and the measureable parameter of current velocity. The 
yellow ovals are nonmeasured components, and the green rounded rectangles will be inferred from the data 
collected. 

 

Key Model Development Concepts 

• Identify the crucial elements for consideration and monitoring in the 
model (for example, hydrodynamics, geomorphology, water quality, 
biotic components). Determine the most important components within 
each of these parameters (for example, impact of waves, tides, ice; 
important plants or fish habitat). 

• Determine or estimate the relationships between the identified 
components connected in the system. 

• Identify the external drivers that cannot be controlled but must be 
considered (for example, storms, climate change, sea level, pollution). 

3.4 Modeling 2: Quantification 

During this section, the ERDC trainers provided participants with an 
overview of the purpose and functional forms of quantitative models 
(appendix I). This overview included a discussion of the type of math that 
may be required and decisions on time steps. In many cases, having a 
general understanding of the cause-effect relationship between 
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parameters or components (parameter is often used interchangeably with 
component)—for example, the main parameters in the final Swan Island 
model in figure 4—will suffice to develop a quantitative model. The 
trainers emphasized that capturing critical processes is paramount, not 
defining a comprehensive mathematical equation for every process. The 
types of data used varies from quantitative (field data, literature), to 
qualitative (expert opinion, hypotheses), and often the model itself reveals 
trends and patterns. Workshop facilitators demonstrated with examples 
how to capture feedbacks and thresholds in the model and how to 
integrate multiple models. Finally, the facilitators emphasized the 
iterative nature of developing a quantitative model as a natural part of 
investigating the validity of the model relationships. Workshop 
participants discussed common pitfalls, including inappropriate math and 
choosing the wrong time step or unit of measure. 

There are five basic steps to develop a quantitative model (Grant and 
Swannack 2008, 67–78): 

1. Select the general quantitative structure for the model. 

2. Choose the basic time unit for the simulations. 

3. Identify the functional forms of the model equations. 

4. Estimate the parameters of the model equations. 

5. Execute the baseline simulation. 

After this background on quantification, the two working groups split up 
to generate the quantitative process for the specific model parameters and 
relationships for the initial conceptual model (figure 2). (Again, the 
project team developed the simplified conceptual model shortly after the 
workshop.) 

Key Model Development Concepts 

• Determine an appropriate time frame for the model: how many years will 
data collection happen? how frequently will the model be updated? how 
long will the assessments run? 

• Determine an appropriate measurement unit based on the growth cycle of 
what is being measured (for example, annually for certain species; every 
25 years for a tree). 

• Modeling is an iterative process; keep learning about the model and its 
system. Do not put a model into practice until it is well tested and 
rigorous. 



 

15 

3.5 Modeling 3: Evaluation and Application 

The ERDC trainers started this section by providing the background on 
what model evaluation is and how to do to it (appendix J). Along with 
presenting practical evaluation techniques, they provided advice on how 
to deal with uncertainty and avoid pitfalls. Evaluation is the process of 
rigorously assessing model components, structure, parameter values, and 
assumptions, but not scenario results. 

There are five steps to evaluate an environmental model (Grant and 
Swannack 2008, 79–87): 

1. Assess the reasonableness of model structure. 

2. Assess functional relationships and verify code (math). 

3. Evaluate model behavior vs. expected patterns. 

4. Assess model correspondence to data from real system. 

5. Document uncertainty. 

The trainers emphasized model evaluation over model validation, as it is 
commonly called, because this step is not about validating what is true or 
false but rather about evaluating whether the model accomplishes its 
intended purpose. In addition, evaluation is an iterative process that 
determines the model’s limits, strengths, weaknesses, and replicability. 
Different disciplines expect different things from model performance, 
which represents a challenge for model evaluation. Another challenge is 
the failure to document the entire evaluation process in enough detail, 
including the iterative approach that is inherent to the evaluation process. 

The trainers also focused on the methods and challenges of building 
evaluation tools into their ecological models. They taught participants 
how to assign values (data management) to the models to measure 
adaptive management and enable monitoring of the model. They also 
discussed the importance, and challenges, of communicating about the 
model to both technical audiences and the general public. 

3.6 Modeling 4: Communication, Data Management, Monitoring and 
Adaptive Management 

The last phase of ecological modeling development links it to monitoring 
and adaptive management decisions and uses it as a communication tool 
for various audiences, including the project team. First, the trainers 
emphasized the need to develop an MAMP that would serve as a living 
document to codify data management protocols and to link the modeling 
component to the adaptive management of the site. Evaluation of the 
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conceptual model, monitoring metrics, and predictions will continue as 
the MAMP is developed in more detail (appendices K and L). 

In the final working sessions, participants developed measurement 
criteria for their models, and then each group elected a spokesperson to 
present and explain their model to the plenary. Although the diagrams 
and processes the individual groups used to develop their models were 
different, their final models considered largely the same elements. 

Next steps in model development include the following: 

1. Review conceptual model/parameters. 

2. Determine if monitoring metrics should be added or removed. 

3. Review and adjust predictions as necessary. 

4. Build an MAMP with the synthesis information. 

Key Outcome Measurement Concepts 

• The model must reflect what is happening in nature—not what is 
convenient. Determining measureable parameters (for example, current 
velocity, elevation) ensures accurate measurement and communicates 
change in the project. 

• Let the model run long enough to enable accurate measurements. For 
example, if planting is done tomorrow, the project team cannot go back 
the next week to evaluate; plants need a couple of years to grow before 
assessment. 

• When using data management software to assign values to a model, 
remember that not all formats lend themselves to a given problem. 
Statistical models can limit creative problem-solving (for example, using 
a linear system to assess a nonlinear model). 

• The desired data will not always be available when making decisions. Be 
transparent and upfront about gaps in the data and information. It is 
acceptable to use expert opinions to parameterize equations until other 
data sets are available. 

• Validation is not possible in an ecological model—evaluation captures the 
essence of a formal validation. 

• Document the entire evaluation process. This information will be used in 
technical communications and with the general public—and potentially 
funding agencies. 

• When developing a communications strategy about the project, first get 
an understanding of the audience’s pre-existing thoughts before 
determining how to explain the project plan (for example, perceptions of 
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working waterfront communities, whose livelihoods might be impacted 
by a restoration). 

• Develop two levels of communications about the project: 
1. A technical level for a scientific audience so that the model can be 

recreated—what assumptions were put in, what equations were 
used, full technical documentation 

2. A layperson’s level for explaining the project to policy makers, 
citizens, and the general public; putting the project activities into 
narrative form will help explain it plausibly to laypeople and 
funding agencies. 
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4 Closing Session and Workshop Conclusion 

The workshop uncovered some differences between the two groups and 
their understanding of the system; however, there was generally a wide 
overlap of important components and parameters. The group agreed that 
the conceptual models were a good start, but they needed to firm up the 
monitoring metrics and the interpretation of the metrics to best 
understand the system and make adaptive management decisions. In 
addition, participants wanted to practice quantifying the model using best 
available data to better understand this aspect of model development. 

The following is a description of additional participant feedback requested 
by the trainers: 

• Participants expressed interest in a site visit to Swan Island. There was 
general agreement that in the future it would be valuable to include a site 
visit prior to beginning work on the conceptual model. 

• The two-day workshop agenda did not allow for the development of a 
complete model. Many said they would have liked the opportunity to 
develop a complete model from beginning to end (including design of the 
construction/sediment placement component) to use as a reference for 
other projects, instead of starting midproject. 

• There was support for an additional group working session to develop 
monitoring metrics (for example, how to do the model, and from that 
model, how to decide which strategic monitoring parameters are needed). 

• Participants suggested having material showing examples where 
ecological habitat modeling of this kind was applied and using the 
workshop to discuss results and applications. 

• Holding a follow-up workshop to jointly put a model together, with 
monitoring criteria. 

• Holding a follow-up webinar to walk people through how to put a model 
together. 
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5 Workshop Products, Recommendations, and 
Next Steps 

The next step is a follow-up workshop to continue work on model 
quantification and evaluation. Participants will primarily include the 
project team and others with an interest in the geographic area. 

Anticipated Workshop Products 

1. Workshop Proceedings (this document) 

2. Monitoring and Adaptive Management Plan (currently in development) 
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Acronyms and Abbreviations 

Term Definition 

ADV  acoustic Doppler velocimeter 

ERDC Engineer Research and Development Center 

EWN Engineering With Nature 

LIDAR light detection and ranging 

MAMP monitoring and adaptive management plan 

MD DNR Maryland Department of Natural Resources 

NCCOS National Centers for Coastal Ocean Science 

NNBF natural and nature-based features 

NOAA National Oceanic and Atmospheric Administration 

SAV  submerged aquatic vegetation 

SLR  sea level rise 

USACE US Army Corps of Engineers 

USFWS US Fish and Wildlife Service
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Appendix A: Conference Participant List 

 Last Name 
First 
Name 

email Affiliation Role 

1 Balthis Len  len.balthis@noaa.gov  NOAA/NCCOS  participant 

2 Bryant Duncan  duncan.bryant@usace.army.mil  USACE ERDC participant 

3 Burkholder Sean  seanburk@design.upenn.edu 
University of 
Pennsylvania 

participant/landscape 
architect 

4 Chasten Monica  monica.a.chasten@usace.army.mil  USACE Philadelphia participant 
5 Davis Jenny  jenny.davis@noaa.gov  NOAA NCCOS  participant 

NOAA Office for 
6 Garfield Nina  nina.garfield@noaa.gov  Coastal 

Management 
participant 

7 Golden Becky  rebecca.golden@maryland.gov  MD DNR participant 

8 Herman Brook  brook.d.herman@erdc.dren.mil  USACE ERDC trainer 

9 Holzman Justine  justine.holzman@daniels.utoronto.ca  University of Toronto 
participant/landscape 
architect 

10 Ramsay Laura  lramsay@decisionpartners.co  Decision Partners recorder 
11 Roach Andrew  andrew.a.roach@usace.army.mil  USACE Baltimore participant 
12 Seiple Jacqueline  jacqueline.a.seiple@usace.army.mil  USACE Baltimore participant 
13 Sekoni Tosin  tosin.a.sekoni@usace.army.mil  USACE ERDC participant 
14 Specht Jackie  jackie.specht@maryland.gov  MD DNR participant 
15 Spires Jason jason.spires@noaa.gov  NOAA NCCOS  participant 
16 Subramanian Bhaskar bhaskar.subramanian@maryland.gov  MD DNR participant 
17 Swannack Todd todd.m.swannack@usace.army.mil USACE ERDC trainer 
18 Szimanski Danielle  danielle.m.szimanski@usace.army.mil  USACE Baltimore participant 

19 Vogt Bruce  bruce.vogt@noaa.gov  NOAA Chesapeake 
Bay Office 

participant 

20 Whitbeck Matt  matt_whitbeck@fws.gov  USFWS participant 
21

 
 Whitfield Paula  paula.whitfield@noaa.gov  NOAA NCCOS participant 
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Evaluating the Efficacy of Island Restoration and Enhancement for Coastal 
Protection: Swan Island 

Project Summary 

In October 2018, the Baltimore District of the US Army Corps of Engineers (USACE) will dredge 
the navigation channel that runs between Swan and Smith Islands near the Maryland- Virginia 
border and beneficially use 78,000 cubic yards of dredged sediments to restore the footprint of 
Swan Island (Figure 1). The restoration plan includes creation of dunes and high and low intertidal 
marsh (Figure 2). Planting is scheduled for spring 2019. The creation/expansion of these habitats 
is expected to have significant benefits in terms of ecosystem service provision, increased 
resilience of Swan Island to future sea level rise, and abatement of erosive losses for the town of 
Ewell on adjacent Smith Island. However, there is currently no mechanism in place to evaluate 
whether these predicted outcomes are achieved. 

 
Figure 1. Google Earth image showing location of Swan Island in relation to the Town of Ewell, 
Maryland and the beneficial use placement area scheduled for October 2018 (image from: Environmental 
Assessment Twitch Cove and Thorofare Federal Navigation Channel Project, Dec 2015).

Appendix B: National Centers for Coastal Ocean 
Science (NCCOS) Project Proposal 

(Note: For an accessible version of appendix B, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-B.pdf.) 
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Figure 2. Google Earth image of Swan Island, with the beneficial use plan overlaid. Natural and nature- 
based features to be restored include low marsh, high marsh, dunes and strategic use of concrete armor 
units (image from: Environmental Assessment Twitch Cove and Thorofare Federal Navigation Channel 
Project, Dec 2015) 

This project will capitalize on the imminent restoration of Swan Island, to address research gaps 
specific to our understanding of island system function, area of influence and 
ecological/engineering benefits, by gathering and evaluating the ecological and physical data 
necessary to evaluate the Swan Island restoration/placement. NCCOS scientists from Beaufort 
conducted pre-placement sampling (intertidal and subtidal vegetation, sediments and porewater 
and elevation profiles) of the island and MDDNR staff conducted annual SAV surveys in August 
2018 to establish baseline conditions (Figure 3). 

USACE will be installing up to three small platforms (Figure 4) for the attachment of an 
Acoustic Doppler Velocimeter (ADV) that will collect continuous wave, current and turbidity 
data (Figure 5). In addition, USACE proposes to conduct additional LIDAR surveys and 
nearshore boat surveys to provide information on dredged sediment spreading outside the 
construction prism. Additional surveys are proposed at 3, 6, and 9 months post construction to 
evaluate evolution of the island platform. 
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Figure 3. Satellite image of Swan Island indicating the location of the temporary benchmark and the 
marsh and seagrass transects surveyed in August 2018, prior to restoration of the islands natural features 
with the placement of dredged sediments. 

 
 

Figure 4. Image of the ADV platform type to be installed by USACE staff. 
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Figure 5. Site locations proposed for ADV instrumentation to be installed by USACE staff. 

 
 
In summary, sampling will include environmental and hydrodynamic parameters to quantify 
island performance (e.g. how they change over time, longevity), benefits (ecological and storm 
risk reduction) and the island’s area of influence on surrounding features (Table 1). These data 
are also critical to the development/validation of sediment transport models, habitat models, 
guidance/tools and best practices that can be applicable beyond the Chesapeake to other regions 
with a similar tidal range (e.g. Gulf Coast, southeast, mid-Atlantic etc.), making island features 
common practice in the future. 

 
We propose three years of post-restoration monitoring to occur annually (or more depending on 
the parameter) and before and after storm events for the next three years. 

 
Table 1. Parameters to be collected during monitoring efforts. 

 
 
Parameter Category 

 
Parameter Type 

Metric- 
Collection 

method 

 
Purpose 

Agency 
collecting the 
data 

 
 

Ecological Parameters 

 
terrestrial 
vegetation 

Quadrats, 
percent cover, 
density, species 
along a transect 

 
Habitat 
modeling 

 
NCCOS 

terrestrial 
elevations 

RTK GPS 
points along 
transects 

Habitat 
modeling 

 
NCCOS 
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 sediment 
characteristics 

Sediment cores 
on a transect 

Habitat 
modeling NCCOS 

porewater Porewater cores Habitat 
modeling NCCOS 

 
underwater 

vegetation/benthic 
environment 

Quadrats, 
percent cover, 

density, species 
at random 
locations 

 
Habitat 
modeling 

 
 
MDDNR/NCCOS 

 
 
Topography/bathymetry 

submerged 
bathymetry 

LIDAR and/or 
boat surveys 

Habitat & 
hydrodynamic 
modeling 

 
Existing data? 

 
island bathymetry 

LIDAR 
(existing or 
otherwise) 

Habitat & 
hydrodynamic 
modeling 

 
Existing data? 

 
 
 
Hydrodynamic 
parameters 

 
Currents 

ADVs deployed 
on three 

platforms 

Hydrodynamic 
modeling 

 
USACE-ERDC 

 
Turbidity 

ADVs deployed 
on three 

platforms 

Hydrodynamic 
modeling 

 
USACE-ERDC 

 
Waves 

ADVs deployed 
on three 

platforms 

Hydrodynamic 
modeling 

 
USACE-ERDC 

 
 
 
 
Water Quality 

salinity TBD Habitat 
modeling 

 

oxygen TBD Habitat 
modeling 

 

pH TBD Habitat 
modeling 

 

temperature TBD Habitat 
modeling 

 

chlorophyll TBD Habitat 
modeling 

 

 
 

ANTICIPATED PROJECT OUTCOMES: 
 
There are several advantages to developing a comprehensive understanding of the system where 
island projects occur and the benefits they provide. Research outcomes may include, but are not 
limited to: 

 
1. OUTCOME - Quantification of island performance metrics and benefits (e.g. protection 

of adjacent land from erosion, breaking of offshore/storm waves, attenuation of wave 
energy, etc) over time will demonstrate how restoring these islands, by combining natural 
and engineered processes, can achieve ecological, economic and social benefits making 
these projects common practice in the future. 
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2. OUTCOME - Monitoring of the island ecological benefits over time, using vegetation as 
a proxy, (e.g. T&E species, migratory birds, etc), including documenting changes to the 
shallow water habitats around and in the ‘lee’ of the island footprint. Documenting the 
latter may address the “habitat switching’ debate long considered a barrier to permitting 
and implementation of these kinds of projects. As follow-up, we will document island 
ecology and develop best-practices guidance for other sites based on data from this study. 

 
3. OUTCOME - Data from this project will support new and existing hydrodynamic and 

ecological habitat models that will be used to evaluate island benefits and the island’s 
influence on adjacent sites. 

 
4. OUTCOME - Guidance will be developed for applying models that are refined or 

developed as part of Outcome 3. Guidance documents will aide practitioners in applying 
models for use in determining the utility and performance of future-proposed islands. In 
addition, guidance will include information specific to model benefits, limitations, 
applications, data needs, etc. 

 
5. OUTCOME - Monitoring this island will produce data that informs future island 

construction projects around the nation. For example, the performance data will be 
integrated with other applicable data sets, and other tools and models that support future 
construction of island-based, natural and nature-based features (NNBF) for the purpose of 
storm risk reduction. 

 
 
PROJECT TEAM (TO-DATE): 

 
USACE 
Baltimore District - Danielle Szimanski - Project Manager 
ERDC - Joe Gailani - Sediment Transport Processes and Modeling 
ERDC - Jeff King - Research Civil Engineer, EWN Deputy 
National Lead 
ERDC – Todd Swannack – Lead Habitat Modeler 
ERDC – Brook Herman – Habitat Modeler / Research Ecologist 

 
 
NOAA 
Paula Whitfield - Research Ecologist/Environmental Compliance, 
Jenny Davis - Research Ecologist/Coastal Restoration Specialist, 
Don Field - Research Biologist/Ecologist and Remote Sensing Expert 
Carolyn Currin – Research Ecologist/Microbiologist 
Jason Spires – Marine Biologist 
JD Dubick - Biologist 
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USFWS – Matt Whitbeck - Blackwater Refuge Manager 
MDDNR - Brooke Landry - Natural Resource Biologist; Chair, CBP SAV Workgroup 
MDDNR - Becky Golden - Program Manager; Vice-chair, CBP SAV Workgroup 
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Ecological Habitat Modeling 
Workshop April 11 ‐ 12, 2019 

USFWS Blackwater National Wildlife Refuge 
Visitors Center 2145 Key Wallace Dr, Cambridge, 

MD 21613 

Overarching Objective: 
1. The Ecological Habitat Modeling Workshop facilitated by the Integrated Ecological Modeling 

Team of the US Army Engineer Research and Development Center will allow participants 
to learn the process for conceptualizing, quantifying, evaluating and communicating 
ecological responses to inform guidance and management decisions for restoration 
projects such as the Swan Island Project. 

Thursday April 11, 2019:  All times listed are Eastern Time 
Time Action Lead or Speaker 

8:00 Arrive at USFWS Blackwater National Wildlife 
Refuge, 2145 Key Wallace Dr., Cambridge, MD 
21613 

 

8:30-845 Welcome Remarks, Logistics, introductions Paula Whitfield – NOAA 
Matt Whitbeck - USFWS 

8:45 – 9:15 Background – 
1. Swan Island Restoration Project Status 
2. Swan Island Parameters: before/after 

Danielle Szimanski - USACE 
Jenny Davis - NOAA 

Duncan Bryant - USACE 

9:15 – 9:45 Measuring Ecological Outcomes/Monitoring & 
Adaptive Management 

Brook Herman 

9:45 – 10:15 Modeling Basics and Process Todd Swannack 

10:15 – 10:30 Break  

10:30– 11:15 Modeling 1: Conceptualization Todd Swannack/Brook Herman

11:15 – 12:30 Lab 1: Conceptualization ALL 

(Note: For an accessible version of appendix C, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-C.pdf.) 

Appendix C: Workshop Agenda 
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12:30 – 1:45 Lunch ALL 

1:45 – 2:30 Modeling 2: Quantification Todd Swannack/Brook Herman 
2:30 – 3:30 Lab 2: Quantification (Break as needed) ALL 
3:30 – 4:00 Team Report Outs ALL 
4:00 – 4:30 Daily Review: Goods and Betters ALL 
4:30 Adjourn  
4:30-5:30pm Optional trip to BWNWR TLP Site  

 Group Dinner TBD  
 

 
Friday April 12, 2019: All times listed are Eastern Time 

Time Action Lead or Speaker 
8:00-8:30 Coffee  

8:30-9:30 Modeling 3: Evaluation & Application Todd Swannack/Brook Herman 

9:30-9:45 Break  

9:45 – 10:30 Modeling 4: Communication/Data 
management/Monitoring & Adaptive Management 
Plan 

Todd Swannack/Brook Herman 

10:30 – 12:00 Lab 3: Monitoring Plan (Breaks as needed) ALL 

12:00 – 1:15 Lunch ALL 

1:15 – 2:00 Team Report Out Todd Swannack/Brook Herman 

2:00 – 4:30 Parking lot discussions 
Issues 
Goods and Betters 
Next steps 

ALL 

4:30 Adjourn  
 



 

Appendix D: Danielle Szimanski, Swan Island Project 
Update, US Army Corps of Engineers–Baltimore District 
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(Note: For an accessible version of appendix D, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-Habitat-Modeling-
Workshop-Appendix-D.pdf.) 



SWAN ISLAND PROJECT 
UPDATE 

Danielle Szimanski 
Project Manager 
Operations Division – Navigation Section 
11 April 2019 
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WHAT IS THIS PROJECT? 
1. FY16/FY17 maintenance dredging of Smith 

Island federal channels (Twitch Cove, Big 
Thorofare) 

 
2. Approximately 80,000 cubic yards of silt 

(65%) and fine grain sand (35%) to be 
removed 

 
3. Island is natural breakwater for the town of 

Ewell on Smith Island 
 
4. High marsh, low marsh, dune system created 

 
5. Contained with coir logs, hay bales, armored 

concrete units, sand dune 

34 
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EXAMPLE SLIDES 

3 
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CURRENT STATUS 
 
 
 
 
 

1. Dredging Began November 2018 
 

2. Dredging completed at Swan Island 
end of February 2019 

 
3. Approximately 55,000 cubic yards of 

material placed 
 

4. Final grading to be completed by mid-May 2019 
 

5. Planting to be completed by July 2019 

36 
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SWAN ISLAND PROGRESS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

January 2019 37 
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SWAN ISLAND PROGRESS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

January 2019 
38 
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A-JACKS PLACEMENT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

February 2019 
39 
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QUESTIONS? 
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Appendix E: Restoration Status of Swan Island 
April 2019 

(Note: For an accessible version of appendix E, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-E.pdf.) 

Objective  Action Needs 
Deepen federal 
navigation channel 
between Swan and 
Smith Islands to 
enable safe navigation 
for fishing boats and 
Smith Island residents 
who rely on boats to 
get to mainland 
 

• Dredging of Smith Island federal 
channel completed April 12, 
2019 

 

• Monitoring and maintenance plan 
for channel 

• Expectation that dredging will 
need to be repeated in 10 years 

Beneficially used 
61,000 cubic yards of 
dredged sediment to 
restore the footprint of 
Swan Island, create 
dunes and high and 
low intertidal marsh 

• Pre-construction consultation 
conducted with F&WS to 
determine restoration needs for 
each part of the island: (high 
marsh, low marsh, dunes, protect 
Heron rookery).  

• Island surveyed; elevations 
marked to establish benchmarks 

• Took pre-construction 
sediment/vegetation samples to 
assess baseline conditions, and 
determine the optimal growth 
elevation for Spartina alterniflora.  

• Developed metrics for successful 
restoration of marshes, dunes to 
create optimal conditions; help 
predict resilience to long-range 
rise in sea level  

• Placement, grading of dredged 
material completed May 2019 

• Planting of 200,000 plugs of 
various species of site-
appropriate plants (eg; low/high 
marsh plants; switch grass in 
dunes, etc.) to be completed in 
July 2019. 

 

• Determine accretion benchmarks  
• Monitor for 3 years post-

construction to evaluate and 
compare: 

• elevation 
• shoreline erosion 
• vegetative success 
• SAV abundance and 

distribution 
• sediment characteristics 
• fish access using habitat 

complexity, inundation as 
a proxy.  

• oyster population 
 

• Need for funds to 
develop a plan for 
long-term monitoring. 
Funds secured for up 
to three years only. 

• Funds/strategy for 
communicating with 
Island residents, 
funding agencies 
about the restoration 

Improve/Maintain 
habitat value of 
intertidal areas for fish  
 

1. Part of the unvegetated 
subtidal bight will be 
converted to low intertidal 
marsh. This represents a 
balance between increasing 
resilience of the island to 
SLR (by adding elevation) 
and maintaining access for 
fish.. 

• Re-evaluate in 3 years to 
determine if habitat complexity 
and inundation are sufficient to 
support fish accessibility.  

• Other monitoring metrics to use: 
Species diversity, vegetation and 
inundation as a proxy for habitat 
value to fisheries species. 
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Erosion/storm 
protection to increase 
resilience for the town 
of Ewell on nearby 
Smith Island 

2. Three monitoring platforms 
installed around the Island to 
record, currents, sea levels, 
wave heights etc 

3. Construction of breakwater 
using concrete ‘A-Jack’ 
armor units for underwater 
support 

4. Planting of dunes and high 
and low marsh, and 
successful establishment of 
these vegetative 
communities will facilitate 
elevation gain (through 
sediment trapping and 
production of belowground 
biomass) in response to 
future SLR 

5. Monitoring plan is in 
development (by partners) 
but initial funding was for 
design, construction (USACE 
Operations and 
Maintenance).  

(1) Hay bales placed on top of 
breakwall will eventually 
break down. 

(2) Dredging will likely have to 
be done again in 10 years 
– may revisit this then 

(3) Establish a mechanism to 
evaluate predicted 
outcomes 

 

Monitor 
hydrodynamics 

• Three monitoring platforms 
installed around the Island to 
record, currents, sea levels, 
wave heights etc. 
 

1) Ice storms, ice accumulation, 
extreme weather events may 
affect monitoring stations 

Monitor oyster 
colonies 

• Pre-reconstruction survey 
found an intact oyster 
population around the Island 
with multi-year classes 
(generations) of oysters.  

• No oysters were found in the 
channel 

2) Re-assess oyster population in 3 
years 

Funding for 
monitoring, future 
restoration, impact of 
climate change (sea 
level rise; ice storms) 

3) Funding secured for up to three 
years for hydrodynamic, 
ecological and topographic 
monitoring 

4) Develop communications and 
outreach strategy as part of the 
monitoring and adaptive 
management plan 
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(Note: For an accessible version of appendix F, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-Habitat-Modeling-
Workshop-Appendix-F.pdf.) 
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Appendix G:  

a. Models: A Simple Approach to Complex Problems 

(Note: For an accessible version of appendix Ga, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-Ga.pdf.) 
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b. Measuring Ecological Outcomes and Monitoring & Adaptive Management (MAMP) 

(Note: For an accessible version of appendix Gb, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-Habitat-Modeling-Workshop-Appendix-
Gb.pdf.) 
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Appendix H: Model Development: 
Conceptualization 

(Note: For an accessible version of appendix H, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-H.pdf.) 
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Appendix I: Model Quantification: Gettin’ Mathy 
With It 

(Note: For an accessible version of appendix I, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-I.pdf.) 
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Appendix J: Model Evaluation/Application: Does 
Your Model Make Sense & to Anyone Else? 

(Note: For an accessible version of appendix J, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-J.pdf.) 
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Appendix K: Monitoring and Management Plan 

(Note: For an accessible version of appendix K, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-K.pdf.) 
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Appendix L: Communicating Models: Explaining 
Complex Systems to Diverse Audience 

(Note: For an accessible version of appendix L, please visit 
https://ewn.el.erdc.dren.mil/projects/products_19-15/Ecological-
Habitat-Modeling-Workshop-Appendix-L.pdf.) 
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