
Final Project Report: Facilitating Accurate and 

Effective Application of Coastal Marsh Models 
 

Administrative Information 

PI: Sarah Spiegler; sespiegl@ncsu.edu; 252.222.6307; North Carolina Sea Grant/North 

Carolina State University 

Agreement Number: Project 047 

Date of Report: August 14, 2022 

Period of Performance: May 15, 2020 - May 14, 2022 

Actual Total Cost: $99,686.77 

 

Public Summary 

Salt marshes are integral to coastal communities, providing habitat for important species, such 

as shrimp and fish, and reducing the frequency and intensity of flood impacts on our homes and 

businesses. As sea levels continue to rise it is important that we understand how the health and 

extent of these marshes is expected to change so we know what actions we can take to 

maintain their critical function. There are many models that have been developed to 

characterize how marshes may respond to rising seas, each with a different approach and 

focus. As with any emerging scientific field, it is important to assess if the models’ predictions 

reflect what we observe; however, only recently have we had the ability to do that with marsh 

models because we lacked the detailed observations that were required.  

 

We convened the leading marsh modelers from around the U.S. to devise a scientifically robust 

method for conducting a retrospective analysis. A retrospective analysis is where all the models 

are run with the same input information and from the same starting year from the past and the 

outputs are analyzed to see if they reflect what marshes look like today. It took a whole 

workshop and a team of modelers to devise an approach because each model is different, with 

different requirements for what needs to be put into the model and how the model produces its 

results. With this workshop we were able to devise a plan that worked for all the models and 

build buy-in to the processes among the modeling community. With this plan in place we are 

now able to perform the essential step of conducting the retrospective analysis so that we can 

understand which models work best in which coastal systems and for answering which 

management questions.  
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Technical Summary 

We successfully convened marsh modelers representing six different models on April 11-12, 

2022. The models that were represented consisted of: Marsh Equilibrium Model (MEM); 

Hydrodynamic-Marsh Equilibrium Model (Hydro-MEM); Wetland Accretion Rate Model of 

Ecosystem Resilience (WARMER); Sea Level Affecting Marshes Model (SLAMM); Sea Level 

Rise Viewer (SLR Viewer); and the Louisiana’s Integrated Compartment Model (ICM). There 

were six objectives of the workshop outlined:  

 

1) Learn about stakeholder perceptions of marsh models to ensure that the work resulting 

from the workshop is informed by the needs expressed by stakeholders; 

2) Reach a consensus about what a marsh model retrospective would look like and be able 

to accomplish;  

3) Explore the historical data that are available for performing a marsh model retrospective 

analysis;  

4) Select locations and other technical details such as how to develop historic DEMs, 

estimate sea level rise over the period record of the retrospective, etc.; 

5) Determined the next steps to assess and prepare the model input data;  

6) And agreed upon a timeline for completing the next steps for performing the marsh 

model retrospective analysis 

 

By the end of the workshop, the marsh modelers understood how stakeholders perceive marsh 

models, the need for and goals of a marsh model retrospective, what data are available for 

performing a marsh model retrospective, and where additional gaps may lie. This laid the 

foundation for the marsh modelers to collaborate with the Project Team to complete a 

framework for performing the marsh model retrospective, including what parameters to include, 

next steps, and a timeline for completing the prerequisite work for the marsh model 

retrospective. Overall, this two-day workshop successfully prepared the Project Team and 

marsh modelers to gather necessary data and move the marsh model retrospective forward.  

 

In addition to the tangible outcomes of concrete next steps for the retrospective analysis and 

consensus among modelers of how to productively move forward, relationships were 

established between modelers, many of whom had not previously met. This will strengthen 

future efforts to connect modelers and explore ways of understanding and improving marsh 

models.  

 

Purpose and Objectives 

Purpose: The overarching purpose of this work is to initiate a paradigm-shift in the approach 

and interpretation of coastal marsh models to enhance natural resource management; one that 

will move from single model use to ensemble model application. This large effort will be 

accomplished in distinct, achievable phases. This project represented Phase 1 wherein we 

convened a workshop among top marsh modelers to 1) inventory available data sources 

required for marsh models, 2) scope an approach to an ‘apples-to-apples’ comparison across 



the range of coastal marsh system models, aimed at exploring differences in their prediction of 

marsh conditions under climate change, and 3) deliver to managers guidance on how best to 

utilize the existing marsh tools to inform land management decisions. This project benefits 

managers immediately and lays the foundation of a larger effort with additional benefits. 

 

Objectives: 

Specific objectives for this project were: 

● Conduct additional stakeholder engagement to scope the needs, questions, and 

perspectives of coastal managers around marsh models, 

● Develop a compilation of potential datasets to support conducting a marsh modeling 

retrospective in the southeast, and 

● Conduct a workshop with marsh modelers to assess the currently available data and 

scope a retrospective analysis 

● Report out to coastal managers the planned retrospective approach and any additional 

insights gained into applying marsh models 

 

 

Organization and Approach 

Workshop Design 

In preparation for the workshop, results from the 2018 workshop, which convened modelers and 

natural resource managers to discuss modeling outputs, were reviewed, additional interviews 

with stakeholders were conducted, and data mining and compilation were conducted.  

 

Stakeholder Input to Workshop Design 

During the 2018 workshop and the interviews from this project it became clear that managers 

have hesitancy in applying the model outputs for a variety of reasons ranging from suitable 

timesteps and scale to undefined uncertainty in model outputs. We were also able to 

characterize what actions managers would like to take with model outputs and when model 

outputs have been used, what their applications were. This information was then used to review 

our draft framework for a retrospective analysis and ensure that outputs from a retrospective 

would address multiple gaps and needs expressed from managers including questions around 

uncertainty and which models may be better suited for different types of management 

questions.  

 

Data Mining and Compilation 

Multiple locations originally identified by stakeholders, marsh modelers, and the Project Team 

were explored to determine where there may be sufficient data to conduct a marsh modeling 

retrospective. The data collected were determined based on the individual model requirements 

and then reviewed prior to the workshop by the marsh modelers to ensure that there were no 

other types of data that needed to be compiled. All data were publicly available data and the 

data viewer only served to access them in one place. Ultimately, locations in Mississippi, 

Alabama, and North Carolina were presented. The data viewer can be found here: 

https://arcg.is/0CL9D90. 

https://arcg.is/0CL9D90


Workshop Implementation 

During the two day workshop, marsh modelers gathered with the Project Team to discuss the 

approach and timeline for a marsh model retrospective.  

The first day of the workshop (April 11) consisted of presentations, discussions, and activities 

developed and led by the Project Team to prepare the marsh modelers for an in-depth 

discussion of the technical details required to perform a marsh model retrospective. On day two 

of the workshop, the Project Team and marsh modelers determined the technical details 

needed to develop a proposal to advance the marsh model retrospective project. This was 

accomplished through discussions that shared the knowledge that the Project Team had 

accumulated and the professional expertise of the marsh models. Discussions from day one 

and day two included: 1) Stakeholder perceptions on marsh modeling; 2) Big picture questions 

for the marsh model retrospective; 3) Available data for performing a marsh model 

retrospective; 4) Details for performing a marsh model retrospective.  

Discussion summaries for both day one and day two of the workshop can be found in the 

workshop report on the marsh modeling retrospective project page (placeslr.org/our-

work/projects/marsh-model-comparison/) and at the end of this report. 

Project Results 
During the close of day one, workshop attendees reviewed the primary outcomes from the 

discussions which consisted of a list of outputs to compare from the marsh model retrospective: 

1) Vertical elevations

2) Horizontal habitat changes

3) Landscape (holistic output)

At the end of day two, workshop attendees focused on the details for performing a marsh model 

retrospective. This included details regarding vegetation input layers, appropriate DEMS, 

timesteps, sea-level rise, locations, and model uncertainty. The specific decision points and 

next steps for each marsh model input are outlined in the workshop report. By standardizing 

these inputs across all marsh models, the results of this analysis will highlight true differences in 

model skills and not input data sources. Additionally, by comparing the results to historical data, 

we will gain a better understanding of the accuracy of the marsh models to “real-world” 

conditions.  

Analysis and Findings 

Retrospective Feasibility 

https://placeslr.org/our-work/projects/marsh-model-comparison/
https://placeslr.org/our-work/projects/marsh-model-comparison/
https://placeslr.org/our-work/projects/marsh-model-comparison/
https://placeslr.org/our-work/projects/marsh-model-comparison/


This work confirmed the feasibility of conducting a retrospective analysis given the available 

data at various locations around the country. Marsh observing and other related data needs - 

high resolution digital elevation models, rates of accretion and subsidence, etc. - were not 

available until recently. We needed the availability of sufficient input data coupled with enough 

time passing for sea-level rise to impact the extent and health of marshes. Through this 

workshop we were able to determine there is enough data to effectively conduct a retrospective 

analysis.  

Retrospective Analysis Plan 

This work also produced a plan for both conducting the retrospective and the necessary next 

steps for beginning to undertake the retrospective. The specific next steps and the plan are 

outlined in the workshop report. For the plan decisions were made around locations for 

conducting the retrospective, digital elevation model construction, and output classification. Next 

steps included additional data to be collected including assessing how many cores exist from 

the target areas, availability of data from the National Wetlands Inventory, and synthesis of sea-

level change data at those locations.  

Conclusions and Recommendations 

Conclusions 

This project took a critical step forward in effectively conducting a marsh model retrospective by 

scoping the process in collaboration with top marsh modelers from around the U.S. This project 

had the expected outputs of successfully producing a plan and a series of next steps. It also had 

the expected outcomes of establishing and strengthening relationships between marsh 

modelers, funders and outreach professionals effectively beginning a community of practice 

wherein the members are collaboratively pursuing enhanced function and application of marsh 

model outputs.  

Recommendations 

The project did face difficulties regarding COVID-19, delaying the ability to have the workshop 

because it was determined that an in-person meeting was essential to effectively achieving the 

project objectives. The work was highly technical which is not well suited for remote 

environments, additionally many of the modelers did not know each other. Meeting in-person 

allowed for stimulating and effective engagement during the workshop and for the opportunity to 

build trust and connections across the participating members. Meeting in-person proved to be 

worth the wait and it is recommended for similar projects and actions that in-person meetings be 

prioritized.  



Management Applications and Products 

In the process of the workshop, additional guidance for marsh managers was identified and is 

being integrated into the outreach and extension programming for all three Sea Grant programs. 

This guidance will help managers frame the appropriate application of the current marsh model 

outputs and consider additional approaches for applying the data.  

After the retrospective has been conducted, a wealth of knowledge for management will be 

available. Ideally, this will trigger a shift in choosing a single model to run in a specific location, 

to an ensemble model approach, with managers using a suite of models to assess different 

questions and/or locations for the areas for which they are responsible. Additionally, the 

retrospective will identify strengths and opportunities for improvement of the models - identifying 

additional areas in which to improve marsh models to even more so meet the needs of the 

managers.  

Outreach and Communication 
Outreach 

We worked with natural resource managers, researchers, and consultants to understand the 

perceptions around the marsh model comparison, marsh models, and preferred analyses and 

outputs. We also engaged with marsh modelers to ensure understanding of and participation 

ahead of the workshop.  

During the workshop, there were two outreach materials that were identified in the workshop to 

create and share: 1) What marsh modelers want natural resource managers to know; 2) What 

managers want marsh modelers to know. The marsh modelers requested a product, such as a 

two pager, outlining the materials above. The Project Team will also create an extension and 

outreach product to aid stakeholders in understanding of marsh model outputs and provide 

guidance on applying them based on feedback from the marsh modelers.  

Communication 

Communication materials will consist of detailing the appropriate utility of existing model outputs 

for relevant management options. Opportunities to use multiple model approaches 

simultaneously from an ensemble model approach, will be addressed. Combining multiple 

outputs via an ensemble marsh model will improve the understanding of the future range of 

conditions as well as the certainty of those conditions under sea-level rise.  
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1.0 Introduction 

On August 7-9, 2018, natural resource managers and decision makers from across the Gulf of Mexico 

were convened to explore comparisons of already existing marsh model outputs and discuss potential 

drivers of the differences and how this may impact choices when selecting models to support natural 

resource decision making. The purpose of this comparison was not to identify the “best” model, but to 

instead work on understanding the different outputs of each model and how managers might utilize the 

different marsh models for different purposes. At this workshop, there was agreement amongst the 

participants that a retrospective analysis needed to be performed with all the models utilizing the same 

data inputs across multiple geographies. The results of the retrospective analysis would enhance 

guidelines on the model application and identify potential areas of research to enhance the existing 

models’ predictive capabilities.  

A Project Team comprised of marsh model funders, coastal resilience specialists who support coastal 

managers, data analysis and visualization specialists, and modeling experts secured funding to convene 

marsh modelers from a range of marsh models in order to scope a retrospective analysis. On April 11–12, 

2022, marsh modelers representing six marsh models (Table 1) gathered with the Project Team to 

discuss an approach and timeline for a marsh model retrospective at the Beaufort Hotel in Beaufort, North 

Carolina. This workshop had six objectives that were achieved throughout the course of the two days.  

Table 1. List of marsh models and the representative in attendance at the April 11-12, 2022 workshop.  

Marsh Model Name Model Representative 

Hydro-MEM Karim Alizad  

Integrated Compartment Model (ICM) Eric White 

Marsh Equilibrium Model (MEM) James Morris 

Sea Level Affecting Marshes Model (SLAMM) Jonathan Clough 

Sea Level Rise Viewer (SLR Viewer) Connor Levy 

Wetland Accretion Rate Model of Ecosystem Resilience (WARMER) Kevin Buffington 

 

The first day of the workshop (April 11) consisted of presentations, discussions, and activities developed 

and led by the Project Team to prepare the marsh modelers for in depth discussion of the technical 

details required to perform a marsh model retrospective. These introductory sessions were conducted to 

accomplish the following objectives. To:  

1. learn about stakeholder perceptions of marsh models to ensure that the work resulting from the 

workshop is informed by the needs expressed by stakeholders;  

2. reach a consensus about what a marsh model retrospective would look like and be able to 

accomplish; and 

3. explore the historical data that are available for performing a marsh model retrospective analysis.  

Through activities and robust discussions, each of these objectives were accomplished during day one of 

the workshop. See sections 3.1-3.4 for day one discussion summaries.  



 

 

The overarching goal of day two (April 12) of the workshop was to determine sufficient technical details to 

develop a proposal to advance the marsh model retrospective project. This was accomplished through 

detailed discussions that shared both the knowledge that the Project Team had accumulated in 

preparation for the workshop and the professional expertise of the marsh modelers, in addition to 

collaboration between both groups for future planning. During day two, workshop participants (the Project 

Team and the modelers in collaboration) accomplished the following objectives:  

1. selected locations and other technical details such as how to develop historic DEMs, estimate 

sea-level rise over the period of record of the retrospective, etc.; 

2. determined the next steps to assess and prepare the model input data; and  

3. agreed upon a timeline for completing the next steps for performing the marsh model 

retrospective analysis.  

See sections 3.5-3.7 for day two discussion summaries.  

By the end of the workshop, the marsh modelers understood how stakeholders perceive marsh models, 

the need for and goals of a marsh model retrospective, what data are available for performing a marsh 

model retrospective, and where additional data gaps may lie. This laid the foundation for the marsh 

modelers to collaborate with the Project Team to complete a framework for performing the marsh model 

retrospective, including what parameters to include, next steps, and a timeline for completing the 

prerequisite work for the marsh model retrospective. Overall, this two-day workshop successfully 

prepared the Project Team and marsh modelers to gather necessary data and move the marsh model 

retrospective forward.  

1.1 Objectives 

Day One (April 11, 2022) 

● The marsh modelers will understand how stakeholders use and perceive marsh model outputs in their 

decision-making. 

● The project team and marsh modelers will agree upon the scope of the marsh model retrospective 

and understand what it will accomplish. 

● The marsh modelers will have a better understanding of what historical data is available for 

performing a marsh model retrospective.  

 

Day Two (April 12, 2022) 

● The marsh modelers and project team will determine the priority locations and select other technical 

parameters for performing the marsh model retrospective analysis. 

● The marsh modelers and project team will collaborate to develop next steps and assign 

responsibilities for the next steps to move the marsh model retrospective analysis forward.  

● The marsh modelers and project team will develop and agree upon a timeline for all next steps for the 

marsh model retrospective analysis.  
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3.0 Discussion Summaries  

This section includes summaries of the discussions that took place over the course of the workshop, 

including all pertinent decision points and next steps. Sections 3.1–3.4 summarize discussions from day 

one, while Sections 3.4–3.7 summarize those from day two.  

3.1 Stakeholder Perceptions on Marsh Modeling 

On April 11, 2022, marsh modelers convened with the project team to discuss an approach to performing 

a marsh model retrospective analysis. Before entering these discussions, Sara Martin (PLACE:SLR) and 

Mary Schoell (National Estuarine Research Reserve [NERR] Association) presented their findings about 

stakeholder perceptions and use of marsh models. The goals of this session were for marsh modelers to 

understand 1) how stakeholders use marsh models, 2) what makes a marsh model output most useful for 

stakeholder applications, and 3) what other model outputs stakeholders would like to see from marsh 

models.  

The presentation contained data obtained through interviews and surveys conducted with stakeholders by 

Martin, Schoell, and other members of the Project Team. The stakeholders consulted by the project team 

consisted of researchers and land managers. Stakeholder were interviewed to the point of saturation (i.e., 

no new trends or information was being gained) for a total of 7 interviews. Following the presentation, the 

marsh modelers asked questions to further understand how stakeholders use and think about marsh 

model outputs. Discussion was aided by a posted flipchart page that listed key points from the 

stakeholder presentation labeled “Managers Want Models That” (Table 2). Following the presentation, 

marsh modelers were able to ask questions and provide their own perspectives on the use of their 

models. Feedback from the marsh modelers was captured on a flipchart page labeled “Things for 

Managers to Know” (Table 3). See the presentation and flipchart page images provided in Appendix A.2 

and Appendix D.2-3 respectively.  

Table 2. Managers Want Models That… 

Managers Want Models That 

1. are easy to understand 

2. are specific to their managed lands 

3. include outputs for various time steps and sea-level rise scenarios 

4. are transparent about the input data 

5. are clear about what any uncertainty means 

6. can analyze management options  

 

Table 3. Things for Managers to Know  

Things for Managers to Know 

1. Age of National Wetlands Inventory (NWI) Data: NWI vegetation data are outdated in some areas  

2. Clarify difference between time steps and (model version) updates 

3. Stage of development = generalities: tipping points should be considered by decades, not by year 

4. “Elevation capital” = elevation of the marsh above the minimum required for vegetation growth 

5. Managers are the tuners for marsh models: their feedback helps modelers to fine tune the models 

6. Models are describing vulnerability overall of marsh areas and are not trying to predict the future of exactly what will 
happen. 

7. Models are useful for understanding marsh processes and vulnerabilities 

 



 

 

From this discussion, the marsh modelers were able to learn about stakeholder perceptions, identify 

actions for aiding stakeholders understanding of marsh model outputs, and set goals for continuing to 

build a dialog between modelers and stakeholders. Furthermore, two Decision Points and two Next Steps 

were determined.  

3.1.1 Decision Points 

1. Stakeholders would be better served by marsh model outputs if they viewed the outputs as a means 

by which to determine vulnerabilities in a particular marsh, rather than to identify the year that a 

marsh will reach a “tipping point.” 

2. It is important for marsh models to include adequate explanation of source of uncertainty to increase 

stakeholder confidence in the outputs.  

3.1.2 Next Steps 

1. Marsh modelers requested a product, such as a two pager, which describes stakeholder perceptions 

on marsh modeling. 

2. The Project Team will also create an extension and outreach product to aid stakeholders 

understanding of marsh model outputs and provide guidance on applying them based on feedback 

from the marsh modelers. 

 

3.2 Big Picture Questions for the Marsh Model Retrospective 

To prepare the marsh modelers for investigation of the data available for the marsh model retrospective, 

Trevor Meckley (NOAA) presented details regarding the background of the marsh model retrospective, 

including why the retrospective is needed, further discussion of the relevance of stakeholder perceptions 

of marsh models, and summarized the challenges that decision-makers face in applying marsh model 

outputs. Meckley also highlighted the goals of the workshop and the “big picture questions” that the 

Project Team seeks to address with the marsh model retrospective. Big picture questions included 

Example Application Questions and Scoping Questions. See Appendix A.3 and Appendix B.2 for 

presentation slides and workshop handout listing the questions, respectively.  

Following the presentation, the marsh modelers were given time to ask questions and voice any concerns 

about the marsh model retrospective. The marsh modelers suggested seven considerations for scoping 

the retrospective process, which were captured on a flipchart (Appendix D.6) and added to the list of 

scoping questions to consider (Table 4).  

As a result of this discussion, the marsh modelers obtained a greater understanding of what the marsh 

model retrospective will accomplish and the scoping questions for the Project Team and marsh modelers 

were refined.  

  



 

 

Table 4. Considerations for Scoping the Marsh Model Retrospective 

Considerations for Scoping the Marsh Model Retrospective 

1. Need to discern the impact of sea-level rise from other factors (e.g., storms, human changes) 

2. Need to include models in the marsh model retrospective that are transferable to multiple locations   

3. Sites have experienced enough change in sea level to drive change in a marsh 

4. Sometimes things other than sea-level rise, like logging, are driving the marsh changes 

5. Sea-level rise should be a primary driving factor of change in any location selected for inclusion in the marsh model 
retrospective 

6. The marsh model retrospective analysis will have to avoid sites with punctuated changes or account for any event, 
management actions, or restorations that have occurred.  

7. River diversions and barrier islands can change the hydrodynamics of distant locations of the system – need to ensure 
this is acknowledged and addressed if necessary during a retrospective 

 

3.3 Available Data for Performing a Marsh Model Retrospective 

Members of the Project Team from The Water Institute of the Gulf guided the marsh modelers through an 

exploration of the data currently available to run a marsh model retrospective in three locations: 

Apalachicola NERR, Florida; Grand Bay NERR, Mississippi; and three NERRs in North Carolina 

(Currituck Banks, Rachel Carson, and Masonboro Island Reserves). The exploration was done through a 

web-based mapping platform (Figure 1) built by The Water Institute of the Gulf. This mapping tool can be 

found at https://arcg.is/0CL9D90. It included digital elevation model (DEM), tidal datum, land cover, 

surface elevation table (SET) elevations, and real-time kinematic (RTK) elevation layers for each location 

across three decades (1990s, 2000s, and 2010s). This data exploration was facilitated by a data 

inventory handout and a guided exploration activity sheet (see Appendix B.3 and Appendix B.4).  

Figure 1. Screenshot of the web mapping platform used for the data exploration by the marsh modelers. 

https://arcg.is/0CL9D90


 

 

The data exploration was followed by a discussion of the presented data as well as additional data that 

the marsh modelers identified as beneficial to include. Overall, the marsh modelers found that the tool 

had an intuitive and easy to use interface and particularly appreciated the inclusion of SET data. The 

marsh modelers discussed concerns for assessing the results of the marsh model retrospective analysis. 

Primarily, they discussed how to address the bias of knowing what the retrospective output should look 

like. For instance, if it is already known that over a twenty-year period there is a 20% decline in vegetation 

cover how does the project team ensure that the bias does not influence adjustments in the retrospective 

model?  

However, the primary purpose of the data exploration was to determine if there is sufficient data to 

perform a marsh model retrospective. In addressing that question, the marsh modelers had six concerns 

(Table 5), identified six data needs (Table 6), and one data want (Table 7). Overall, the group reached 

two decision points and one next step was identified.  

Table 5. Data Concerns 

Data Concerns 

1. Data quality was not clear. Only the most recent data was shown for many of the layers. In particular, the analysis will 
need historic NWI vegetation data.  

2. NWI data changes over time. The imagery may need to be reclassified so that changes over time reflect actual change 
rather than changes in classification categories.  

3. SETs are not randomly distributed. Because they are typically located in convenient locations and rarely in 
“unimpacted” ones, which can give a misleading estimate of rate of change. SET elevations may be biased to eroding 
edges.  

4. SETs are not routinely monitored. Half of the SETs in North Carolina are not currently monitored due to a lack of 
funding, so the data may not be available for target time periods. Rather, data from a particular SET may be relevant just 
to a snapshot in time.  

5. Site selection may have confounding factors. These factors could include salinity, freshwater input, heavy rainfall, 
etc. This concern could be addressed by including multiple types of sites in the retrospective analysis.  

6. Poor quality or lack of historic DEMs. Performing the marsh model retrospective will require quality DEMs for 
whatever period is decided on for the analysis. These may not be available, and the need will have to be addressed.  

 

Table 6. Data Needs 

Data Needs 

1. Salinity. The analysis will require long term salinity monitoring.  

2. Total suspended sediments (TSS). A time series of TSS may be needed. This could be acquired from the NERRs 
System Wide Monitoring Program (SWMP) datasets.  

3. Dated soil cores. These will be required for building a historic DEM. 

4. Water level time series.  

5. Stream gauge data points. 

6. Data trends and points.  

 

Table 7. Data Want 

Data Want 

1. Habitat layer that identifies change. Layers that show drowned forests or ghost trees would be useful. 

 



 

 

3.3.1 Decision Points 

1. In order to perform the marsh model retrospective, a significant amount of work and funding will be 

required to support necessary data gathering. In particular, future costs will include processing, 

adjustment, or standardization of historic NWI data, and gathering the dated soil cores. 

2. An objective referee will be needed to evaluate the marsh model retrospective analysis.  

3.3.2 Next Steps 

1. The marsh modelers requested that the Project Team share the North Carolina and Gulf of Mexico 

SET inventories with them.  

3.4 Day One Wrap-Up 

At the close of day one, Renee Collini (PLACE:SLR) reviewed with attendees the accomplishments of the 

day and provided a brief description of what would be covered in day two of the workshop. The primary 

outcome from discussions to wrap up day one was a list of outputs to compare from the marsh model 

retrospective analysis. This list of outputs was determined by the marsh modelers.  

Table 8. Marsh Model Retrospective Outputs to Compare 

Marsh Model Retrospective Outputs to Compare 

Vertical elevations 

Horizontal habitat changes 

Landscape (holistic output) 

 

3.5 Details for Performing a Marsh Model Retrospective 

The second day of the workshop focused on discussion of the details for performing a marsh model 

retrospective analysis. This included details regarding vegetation input layers, appropriate DEMs, 

timesteps, sea-level rise, locations, and model uncertainty. The overarching goal of this discussion was to 

refine the input details for the marsh model retrospective so that the project team and modelers pursue 

funding to perform the retrospective analysis. Important discussion notes and decision points were 

captured on flipchart pages throughout the discussion (Appendix D.4-5). Detailed discussion of each topic 

is provided below.  

3.5.1 Vegetation Input Layers 

For a model to accurately project changes in marsh habitat, there must first be accurate and reliable 

layers for existing habitat. However, the project team and marsh modelers identified complications with 

easily accessible vegetation layers, particularly those available through NWI. Discussions among the 

project team and the marsh modelers are detailed below.  

One of the first concerns raised was that NWI habitat classes have changed over time. Because of this, 

comparisons of NWI layers over time can be difficult. To remedy this, historic NWI layers will need to be 

reclassified to ensure that all time periods in the retrospective analysis are comparable. The marsh 

modelers suggested several ways to complete this task. First habitat re-classification could be 

accomplished using aerial imagery. To train the reclassification, ground truth data points may be required. 

However, it is not known if this data exists. Furthermore, historical imagery may be of a lower resolution 

and therefore the classifications may have to be on the scale of fresh marsh, salt marsh, etc.  



 

 

In some locations and for some time periods, the historic data for metrics that affect vegetation changes 

(i.e., accretion, biomass density, TSS, etc.) do not exist. The marsh modelers recommended that site-

specific calibration of these metrics could be conducted for the current, existing condition. Then, the 

relationship between those metrics and vegetation could be assumed to be consistent for historical time 

periods. By applying those relationship assumptions to historical vegetation layers, metrics such as 

accretion can be accounted for with reasonable accuracy. 

Throughout the discussion, it became clear that each marsh model may have different definitions of 

“vegetation data.” There was a short pause in the discussion to allow each marsh modeler to define what 

“vegetation data” means in their model (Table 9). Following that, the project team and marsh modelers 

discussed what definition should be used for the marsh model retrospective analysis. It was widely 

agreed, based on what each model already considers for their vegetation layers, that each model could 

use high, mid, and low marsh categories for the retrospective analysis. However, the Louisiana ICM is an 

exception. Because of the low elevation of Louisiana coastal marshes, the elevation-based categories 

may not apply. However, Eric White (CPRA) suggested that the dominant species could be assigned and 

be used to create comparable categories for Louisiana marshes.  

Table 9. Model Vegetation Data Definitions and Other Important Data 

Model Vegetation Data Definition Other Important Data 

ICM 
Uses species level that is then scaled up 

to the community level 
Vertical accretion 

Hydro-MEM and MEM 
Can be species specific, but generally 

uses high, mid, and low marsh categories 
Biomass and accurate RTK 

elevations 

SLAMM 
Needs marsh habitat classes (e.g., high, 

low, tidal fresh), but can use species 
mixtures 

SET data could be useful, but is not 
absolutely necessary 

WARMER 
Uses high and low marsh classifications, 
but also incorporates dominant species 

 

 

The final vegetation topic discussed was how to proceed with the vegetation data layer. Initially, the 

conversation centered on choosing between NWI or Coastal Change Analysis Program (CCAP) data 

layers, or an entirely separate dataset. CCAP does not distinguish between high and low marsh, so that 

would create extra steps in the retrospective process. NWI is likely to provide historical data if provided 

with a detailed, specific request, but the project team will also need details on the workflow and 

classification scheme used by NWI. The marsh modelers and project team briefly discussed deriving their 

own vegetation dataset. However, that would be a more substantial task than building on an existing 

dataset. It was determined that the project team would begin with historical NWI imagery and reclassify 

the data to include high, mid, and low marsh while ensuring that each marsh category has a clear 

definition.  

3.5.1.1 Next Steps 

- Obtain raw, historical NWI imagery 

- Reclassify the imagery to include standardized high and low marsh categories across all time steps; 

consider other classifications such as mid 

- Create clear definitions of high and low marsh, and mid as well if necessary 



 

 

3.5.2 Digital Elevation Models 

An accurate DEM is considered to be a necessity for contemporary marsh models. However, accurate 

and high resolution DEMs are unlikely to be available for historical time periods due to the lack of LiDAR 

data, as LiDAR surveys were rarely performed prior to 2007. The marsh modelers first discussed what 

other historical options are available.  

Jonathan Clough (SLAMM) discussed how SLAMM addressed elevation before LiDAR DEMs were 

available. He suggested that prior approaches would not be applicable for the retrospective because the 

resulting elevation model would be too coarse to be useful. Even with interpolation, artifacts had big 

impacts on the marsh model results. Because of the lack of existing historical options, it was decided that 

the project team and marsh modelers would attempt to build a DEM using historical data. The 

methodology with which to accomplish this was the focus of conversation for the duration of the DEM 

discussion. It was acknowledged that building a pre-LiDAR DEM would be a significant undertaking, but 

the project team and modelers developed a list of the necessary steps and pieces to accomplish the task 

while also accounting for concerns raised during the discussion.  

The first piece that was discussed was the use of dated soil cores to adjust a contemporary DEM to an 

agreed upon starting point. The marsh modelers agreed that this could be a blunt approach to rolling back 

time followed by more fine scale modeling. They also agreed that this could be a good approach, but it 

may be limited by the necessary assumption that the plant community has not changed much over time. 

To address that limitation, the marsh modelers suggested that historical vegetation data may be able to 

improve the built DEM resolution. Theoretically, the marsh modelers thought that this would be a good 

working solution but acknowledged that the accuracy of the resulting DEM may not be sufficient for the 

marsh model retrospective. Kevin Buffington (WARMER) has experience using dated soil cores to adjust 

DEMs with success but has not attempted it on a large scale. Jonathan Clough also expressed concern 

that this may not be valid on dry land adjacent to coastal marshes, which would limit application of the 

marsh model outputs for marsh migration questions.  

Despite the concerns, the marsh modelers agreed that building a new DEM by using soil cores to adjust a 

good, contemporary DEM would be the best option for the marsh model retrospective analysis.  

3.5.2.1 Next Steps 

- Choose a good, contemporary DEM 

- Obtain data from dated soil cores  

- Use soil cores to adjust the DEM to the target time period 

- Further increase resolution of the built DEM using historical vegetation data, if needed 

3.5.3 Time Steps 

To perform a marsh model retrospective analysis, it is critical to agree upon the time steps and time 

period to consider.  

The project team and marsh modelers first discussed what is meant by “time steps.” The marsh modelers 

pointed out that with modeling there are two types of time steps to consider. There is an internal time step 

and an external time step. Internal time steps refer to the intervals of data that the model uses in the 

background processing, like hourly water levels. External time steps refer to the time steps presented in 

the model outputs. The project team clarified that for the purposes of this discussion, the marsh modelers 

should consider external time steps.  



 

 

To begin selection of time steps to use in the marsh model retrospective, the discussion referred to what 

stakeholders could be expected to want to see in model outputs. Because stakeholders would be most 

interested in intermediate time spans for the comparison, it was agreed that five-year time steps would be 

ideal. However, the marsh modelers felt that this would primarily depend on data availability. Point 

elevations, rather than landscape ones (i.e., LiDAR DEMs) would be most useful for achieving five-year 

time steps. Overall, the project team and marsh modelers agreed that five-year time steps would be 

possible. However, a starting and ending time point was not agreed upon. Rather, it was agreed that data 

availability would have to be further explored at target locations to make this decision.  

3.5.3.1 Next Steps 

- Obtain historical point elevations.  

- For the marsh model retrospective analysis, the outputs will have five-year time steps. 

3.5.4 Sea-Level Rise 

Sea-level rise data are necessary in considering changes to coastal marshes in marsh models. While the 

retrospective analysis will use known inputs, sea-level rise is recorded in linear and non-linear trends. To 

determine which type of sea-level rise data to use in the marsh model retrospective, the marsh modelers 

discussed a few points.  

First, Renee Collini presented information about the difference between the linear and non-linear sea-

level rise trends. Based on her presentation, the marsh modelers needed clarification on using the 

observed data versus using a sea-level rise trend. If we have known data, then that would seem ideal for 

model applications, especially considering the high amount of variability in water levels over time. 

However, because the retrospective is intended to run from a starting point and forecast unknown 

conditions, a sea-level rise trend would be most appropriate.  

Next, the marsh modelers discussed the choice between the linear and non-linear sea-level rise trends. 

They determined that it would be most useful to choose the trend to use based on the nearest tide station 

to the targeted locations. Each model would perform the retrospective based on the curve that has the 

best fit at each location. However, the marsh modelers also pointed out that this exercise could also be 

useful for identifying areas of uncertainty in each model if compared to model runs using the actual 

observed data. Therefore, outside of the marsh model retrospective analysis, the marsh modelers will run 

their model with observed data to support extension and outreach to stakeholders.  

3.5.4.1 Next Steps 

- Identify the sea-level curve with the best fit (linear or nonlinear) at tide stations nearest the target 

locations. 

- Use the selected curve to run the models in the marsh model retrospective analysis. 

- To create extension materials for stakeholders, compare the results of the analysis with another 

model run using observed sea-level rise data. 

3.5.5 Locations 

Throughout much of the discussion during day two of the workshop, it was mentioned that data 

availability by location may be a limitation for different input parameters. For this reason, the discussion 

moved towards narrowing down location choices for the marsh model retrospective analysis. This process 

began with the marsh modelers suggesting locations that they deemed to fit two criteria: 1) the location 

has a wealth of data, and 2) there has been enough change in the marsh that the models would be able 



 

 

to describe the change. Each location was then discussed to determine what data may be easily 

accessible.  

3.5.5.1 Grand Bay NERR 

The Grand Bay NERR was suggested because it has been well studied, several of the models 

represented in at the workshop have already been run there, and the marsh modelers believe that data 

would be easy to obtain. Grand Bay would also serve as a good representative of how the models 

perform in a microtidal system.  

3.5.5.2 Apalachicola NERR 

Apalachicola NERR, like Grand Bay NERR, has been well studied and several of the marsh models have 

already been ran there. However, Apalachicola is a relatively complex system that could create difficulties 

in the marsh model retrospective analysis. There have been many changes in the Apalachicola NERR 

that may have a variety of drivers. This would make it difficult to distinguish the effects of sea-level rise 

from other drivers.  

3.5.5.3 North Carolina Reserve System 

The North Carolina Reserve sites have been well studied (e.g.vegetation surveys, SETS, water level 

data) and were included in the data mining that was explored in day one of the workshop, so it is known 

that there is a lot of existing data in the region. The marsh modelers also pointed out that these locations 

would serve as a good comparison to the microtidal locations along the northern Gulf of Mexico that had 

already been suggested. However, some marsh models have not been run in this area.  

3.5.5.4 Louisiana 

Coastal marshes in Louisiana have experienced considerable amounts of change, and there is a breadth 

of data available. In particular, the marsh modelers specified available vegetation surveys, SETs, 

accretion, and water level data. USGS also has regularly updated aerial imagery that may be useful for 

reclassifying vegetation data layers for the marsh model retrospective analysis. Eric White indicated that 

CPRA is interested in doing a rigorous hindcast in the region, which could be leveraged for this effort. 

There were two concerns raised by the marsh modelers. First, the complexity of Louisiana marshes could 

prove difficult. Second, a specific location within Louisiana was not agreed upon during the workshop.  

3.5.5.5 Plum Island, MA 

Plum Island is a marsh that is data rich. In particular, James Morris and Karim Alizad expressed high 

levels of familiarity with the data available in that area. They also indicated that there has already been a 

lot of change in marsh extent at Plum Island. Plum Island could also be a representative location for 

marshes along the east coast of the United States.  

3.5.5.6 Sacramento Delta 

The marsh modelers were asked to suggest locations on the west coast in addition to those already 

suggested on the east and Gulf coasts of the United States. The Sacramento Delta was suggested as the 

best-known choice. However, areas of significant change may be hard to find in the area. Elkhorn Slough 

was suggested, but otters have played a key role in driving the change there. While there are data rich 

areas in the region, selecting one with significant change may be a challenge.  

After discussion of the possible locations, the marsh modelers were asked to indicate their preference for 

where to run the marsh model retrospective by placing sticky dots next to their top three locations on the 

flipcharts. When they completed that task, the votes were tallied to decide which three locations to focus 

on for this effort. Through this, it was decided that the project team and marsh modelers would move 



 

 

forward in Louisiana, Grand Bay NERR, and Plum Island, MA. Primarily, these locations were selected 

due to the availability of data and the breadth of complexities and variables that the locations cover. The 

voting tally can be seen in Table 10 below or on the flip chart images (Appendix D.5). 

Table 10. Votes for Marsh Model Retrospective Locations 

Location Votes 

Apalachicola NERR 3 

Grand Bay NERR 5 

Louisiana 4 

North Carolina Reserves 1 

Plum Island, MA 5 

 

3.5.5.7 Next Steps 

- The marsh modelers decided to focus on Louisiana, Grand Bay NERR, and Plum Island, MA for the 

marsh model retrospective. 

- A specific location will need to be selected in Louisiana. 

- The project team and marsh modelers will work to inventory the available data at each of the three 

locations to ensure their applicability in the marsh model retrospective. 

3.5.6 Model Uncertainty 

Lastly, the marsh modelers discussed how to address model uncertainty based on stakeholder feedback. 

Stakeholders indicated that sources and meaning of uncertainty should be clear so that they can 

understand how to account for it in their decision making (for more information, see the Stakeholder 

Perceptions Presentation in Appendix A.2). The marsh modelers first defined the uncertainty in their 

models (Table 11). Then, they decided that for the marsh model retrospective they will set boundaries on 

the uncertainty based on the various models and the range of conditions that the models will use. The 

marsh modelers also pointed out that this effort for the marsh model retrospective could be used as an 

opportunity to characterize the uncertainty for stakeholders.  

Table 11. Sources of Uncertainty in Models 

Model Sources of Uncertainty 

SLAMM 

This model has some uncertainty bounds around processes 
(including DEMs) that help to generalize the confidence 
intervals and relative vulnerability on marsh presence 

likelihood.  

WARMER 
This model samples from a distribution of accretion rates, 

decomposition, and other factors and runs Montecarlo 
simulations to get a confidence level.  

ICM 
This model has more scenario-based uncertainty. It has 
some model validation to generate statistics and then 

perturbs the model.  

Hydro-MEM 
No details about model uncertainty are provided in model 

outputs. 

MEM This model uses the Montecarlo approach with uncertainty 

 



 

 

3.5.6.1 Next Steps 

- Once the data are defined, bounds of uncertainty and the range of conditions that will be used in the 

marsh model retrospective analysis will be set. 

- This effort will be leveraged to create extension products for stakeholders to explain uncertainty in 

model outputs.  

3.6 Discussion Summary: Revisiting the Marsh Model Retrospective 

Framework 

Following the discussions about what details to include in the marsh model retrospective analysis, the 

modelers and project team returned to the questions regarding framework to ensure that all the decisions 

that had been made will support the example application and scoping questions listed at the beginning of 

the workshop (questions are included in Section 3.2, and in the handout provided in Appendix B.2).  

The group first reviewed the scoping questions. Questions for which there was discussion are listed 

below, with specific discussion points noted.  

1. What site specific variables do we need to evaluate for their influence on model performance?  

a. Estuary type and characteristics 

i. The modelers stated that the locations selected cover both a range of estuary 

types and site complexities that will sufficiently test the capabilities of the models.  

2. How do we evaluate marsh model performance? What outputs do we compare? 

a. The modelers detailed two ways that the outputs could be compared: cell-by-cell in the 

output maps, by percent area, or both.  

b. Cell-by-cell is likely to be more reflective of the starting conditions and cell sizes. 

c. Percent land cover change may be more informative, but the modelers were unsure if it 

would answer questions related to where a model performs well.  

i. Instead of cell-by-cell analysis, the outputs could be divided into sub-domains, in 

which model “hits or misses” could be further explored. 

d. For the purposes of comparison, areas where the model outputs are predicting similar 

vulnerabilities should be highlighted. 

e. The comparison can be depicted using a histogram of vegetation types or classes.  

3. Do we have enough data, and the needed data, to perform the retrospective analysis and to 

answer the research questions right now? 

a. The modelers agreed that there is too much uncertainty on the data availability to answer 

this question.  

The group then reviewed the example application questions. The modelers were asked if the questions 

could be answered in the three selected locations based on what had been scoped throughout the 

workshop. The modelers primarily discussed the use of the retrospective in addressing questions of 

marsh migration. They expressed concerns that the limitations of a constructed DEM, as discussed in 

Section 3.5.2, would undersell migration potential and model certainty. This would need to be addressed 

in communications with the stakeholders about the retrospective analysis.  



 

 

3.7 An Approach and Timeline for the Marsh Model Retrospective 

The final discussion of the workshop was focused on gathering the information gained from the two-day 

workshop to outline an approach for performing the marsh model retrospective. This included listing next 

steps, assigning who will be responsible for each task, estimating costs, and setting a timeline for 

completing the tasks. The decisions were captured on a flipchart (Appendix D.7) and are outlined below. 

The purpose for each task was discussed in detail throughout the workshop and can be found in Section 

3.5.  

Task:   Acquire NWI Data 

Responsibilities: Christine Buckel and Trevor Meckley will reach out to the United States Fish and 

Wildlife Service to request NWI data layers. 

Timeline:  Approximately two months 

Estimated Costs: No associated costs 

 

Task:   Reclassify NWI Data 

Responsibilities: Renee Collini will facilitate discussions about classifications for the data. 

The project team will ask for volunteers to participate in the discussions once the 

NWI data is in hand. 

The Water Institute of the Gulf expressed interest in doing the data classification 

once funding is available. 

Timeline:  6–8 months for the entire process once the data is in hand 

Estimated Costs: Funding will be required to pay for someone’s time to do the classification of the 

NWI data. 

 

 

Task:   Gather DEM data for the selected locations  

Responsibilities: Responsibilities were discussed by site: 

    Louisiana: Eric White will lead the effort for this site. 

Plum Island: Karim Alizad believes that Matt Kirwan has the existing 

DEM for Plum Island and will reach out to him. 

Grand Bay: The project team already has access to the DEM for 

Grand Bay.  

Timeline:  2–4 months for all three sites, 

Estimated Costs: There are no estimated costs associated with this task. 

 

 

Task:   Pick a specific location for Louisiana. 

Responsibilities: Eric White and Christopher Esposito will lead the selection of a site in Louisiana 

Timeline: Approximately 2 months because some data will need to be found, but not 

analyzed, before final site selection occurs. 

Estimated Costs: No associated costs. 

 

 

Task:   Identify existing soil cores. 

Responsibilities: Trevor Meckley, James Morris, and Eric White will work together to first define 

what soil core data is needed for the retrospective analysis 

The leads for identifying soil cores differed based on location. 



 

 

    Louisiana: Eric White 

    Plum Island: Karim Alizad and James Morris 

    Grand Bay:  Karim Alizad 

Christine Buckel will be the point of contact for assuring this task is completed on 

time. 

Timeline:  Approximately 4 months.  

Estimated Costs: No associated costs. 

 

 

Task:   Acquire Sea-Level Rise Data.  

Responsibilities: Renee Collini will lead this effort. 

Timeline: Renee indicated that this task can be done quickly once the final site selection is 

completed. 

Estimated Costs: No associated costs. 

 

 

Task:   Acquire RTK data. 

Responsibilities: The lead for this task differs by location: 

    Louisiana: Eric White 

    Plum Island:  Karim Alizad 

    Grand Bay:  Renee Collini 

Timeline:  8 months 

Estimated Costs: No associated costs. 

 

 

Task:   Build the historical DEMs 

Responsibilities: Due to the complex nature of this task, the project team and modelers believe 

that someone will have to be hired to complete it. 

Timeline:  18 months 

Estimated Costs: Money will be required to hire someone to complete this task. 

 

 

Task:   Obtain new soil cores to fill in any gaps in the existing soil cores. 

Responsibilities: Due to the complex nature of this task, the project team and modelers believe 

that someone will have to be hired to complete it. 

Timeline:  2–5 years for full collection and analysis. 

Estimated Costs: Money will be required to hire someone to complete this task. 

 

 

Task:   Determine specific model costs 

Responsibilities: Trevor Meckley will reach out to each modeler to determine their specific model 

costs. 

Timeline:  1 month. 

Estimated Costs: No associated costs. 

 

 



 

 

3.7.1 Next Steps 

Following the discussion of the timeline and specific tasks to be completed before a marsh model 

retrospective analysis could be conducted, Renee Collini led discussion of the next steps to follow the 

workshop.  

To ensure continued communication and that updates are shared with the entire project team, emails will 

be sent out quarterly. Virtual meetings will be held semi-annually or as needed based on project progress. 

These meetings will be organized using online polling to select dates, and available data will be sent to 

the project team ahead of any meetings. This will ensure that valuable time is spent on discussion in the 

meetings rather than extensive data presentations.  

David Kidwell expressed concerns that the estimated timeline for the retrospective analysis (5 years) is 

too long; the need for the retrospective is too pressing. To hasten the timeline, the project team and 

modelers agreed to address the following tasks within six months of the workshop completion:  

● Assess availability of existing soil cores 

● Identify existing RTK data 

● Obtain existing NWI data 

● Obtain existing DEM data 

● Pick a specific Louisiana location 

● Determine costs for running each of the models 

This list will form the checklist of tasks to be completed before the first virtual meeting.  
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Appendix A: Workshop Presentations 

A1:  Introduction to the Workshop 

 

 



 

 

 

 

  



 

 

A2: Stakeholder Perceptions of  Marsh Models  

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

A3: Background on the Marsh Model  Retrospective  

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

A4: Introduction to Data Explorat ion  

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

A5: Marsh Model Retrospective Framework  

 

 

 

 

 



 

 

 

 

 

 



 

 

 

  

 



 

 

Appendix B: Handouts 

B1: Part ic ipant Agenda 

 

 



 

 

 

 



 

 

B2: Questions for Marsh Model  Retrospective  

 

 



 

 

B3: Data Inventory  

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

B4: Map Data Explorat ion Activi ty  Sheet  

 

  



 

 

Appendix C: Data Exploration Web Application Screenshots 

 

 



 

 

 

 



 

 

Appendix D: Workshop Flip Charts  

D1: Workshop Marina & Ground Rules  

 



 

 

D2: Managers Want Modelers to Know 

 



 

 

D3: Things for  Managers to Know 

 



 

 

D4: Data Discussion 

 



 

 

D5: Detai ls  of the Retrospective  

 



 

 

D6: Scoping Question Discussion  

 

D7: Next Steps 
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