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1. Background
• 2007-2010: BS Biology (Salisbury University) & BS 

Environmental/Marine Science (UMES)
• 2012-2015: MS Biology (UL Lafayette)
• 2015-2024: Ecologist, USGS Wetland and Aquatic 

Research Center (Lafayette LA)
• 2024-present: Biologist, National Park Service, 

Inventory & Monitory Division, Northeast Coastal and 
Barrier Network (eastern shore MD)

Interests & Expertise:
coastal ecology, salt marshes, mangroves, 

environmental data science, data synthesis,
effects of climate change on coastal ecosystems, 

wetland restoration



1. Background – My SET Experience
• USGS SETs in Everglades NP

– Continued monitoring setup by Tom Smith in the 90s, now led by Mike Osland 
– Organized and QAQC’ed 20+ years of SET data
– Osland et al. 2020, Feher et al. 2020, Breithaupt et al. 2020

• FWS SETs in coastal Texas
– Organized, QAQC’ed, and analyzed SET data from 5 NWRs in coastal Texas
– Moon et al. 2022

• South Florida SET synthesis
– Integrated SET data from 14 partners – 122 SETs across 51 different sites 
– Developed R scripts for transformation and analysis 
– Feher et al. 2024a, Feher et al. 2024b

• NPS SETs along NE US coast 
– Organized + QAQC’ed 20+ years of SET data – 155 SETs across 9 parks setup by Jim Lynch
– R package for data transformation, analysis, plotting 
– In progress: interactive data visualizers, additional publications, data packages

Presenter Notes
Presentation Notes
Lots of experience dealing with legacy data!

https://link.springer.com/article/10.1007/s13157-020-01291-8
https://link.springer.com/article/10.1007/s10021-019-00446-x
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019JG005349
https://link.springer.com/article/10.1007/s13157-022-01565-3
https://link.springer.com/article/10.1007/s12237-022-01141-2
https://link.springer.com/article/10.1007/s12237-023-01268-w


1. National Park Service 
Inventory & Monitoring Program

• Natural resource inventories help us understand the range of natural resources in 
and around parks.

• Long-term monitoring helps us understand how these resources may be changing 
over time.

• Detecting change, identifying any potential problems in the early stages, and 
measuring success. 

Taking the pulse of the National Parks

Inventory and Monitoring Division (U.S. National Park Service)

Presenter Notes
Presentation Notes
Stated plainly, the overall goal of the National Park Service Inventory and Monitoring program is to provide science for park management. Natural resource inventories help us understand the range of natural resources in and around parks. Long-term monitoring helps us understand how these resources may be changing over time. This includes detecting change, identifying any potential problems in the early stages, and measuring success. 


https://www.nps.gov/im/index.htm


What we monitor:
• Wetlands

- Vegetation
- Elevation
- Nekton

• Coastal Geomorphology
- Shoreline position
- Coastal topography

• Estuaries
- Seagrass
- Water quality

• Upland Forests
• Weather & Climate

1. Northeast Coastal & Barrier I&M Network



1. NPS I&M Network SETs
Northeast Temperate Network (NETN): Acadia, Boston Harbor 
Islands

Northeast Coastal & Barrier Network (NCBN): Cape Cod, Fire 
Island, Gateway NRA, Assateague, Colonial NHP

National Capital Region Network (NCRN): George Washington 
PKWY, National Capital Parks East

Southeast Coast Network (SECN): Cape Hatteras, Cape Lookout, 
Canaveral, Cumberland Island, Ft. Frederica, Ft. Matanzas, Ft. 
Pulaski, Timucuan

South Florida & Caribbean Network (SFCN): Biscayne, Salt River 
Bay, Virgin Islands

*NPS SET data available at: 
https://irma.nps.gov/DataStore/Reference/Profile/2305161



Wall of Text Incoming

Make sure you check the notes on each slide! 

Github laura-feher/SECOORA-2025

Presenter Notes
Presentation Notes
Before I get to the next parts of my talk I want to warn you about the incoming wall of text that I have on some of these slides. Normally I believe in keeping the text on your slides limited but I want this presentation to be something that you can refer back to as needed. I’ve also found that having things written out can be really important for accessibility – some people do better with reading rather listening. Plus having everything written out here will be important for getting this info to those who couldn’t listen live. This is just a reminder for if you come back to this presentation later, make sure you check the notes field since that is where I’ll keep all the details that I go over for each slide.

https://github.com/laura-feher/SECOORA-2025
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2. The SET Data Lifecycle

Presenter Notes
Presentation Notes
I first want to define what I call the SET data lifecycle. The lifecycle includes several steps for designing the study, installing SETs, collecting data, entering the data, analyzing the data, and finally publishing the results. All of these steps seem relatively straight forward, and with the exception of step 2, this is the same empirical research model that we all learned in school. 



1. Design 
the study

2. Install 
SETs

3. Collect 
data

4. Enter & 
Store 
data

5. Clean 
& 

Transform 
data

6. 
Analysis 

& Visuals
7. Publish

Repeat

Start

Monitoring

1. Design 
the study

2. Install 
SETs

3. Collect 
data

4. Enter & 
Store 
data

5. Clean 
& 

Transform 
data

6. 
Analysis 

& Visuals
7. Publish

EndStart
Research

2. The SET Data Lifecycle

Presenter Notes
Presentation Notes
The SET data lifecycle is a little different because we’re incorporating monitoring into the workflow, so there is repetition in steps 3 through 7. You don’t just collect SET data one time and then publish it, you’re making repeated trips to the field, entering data, cleaning data, analyzing data and probably publishing over and over again. Its because of this repetition that we need to be methodical with these steps.



3. Research VS Monitoring

Research Monitoring

Address specific questions Document current conditions & 
assess changes over time

Unknown future paths Well defined future paths

Study-specific methods of data collection and analysis Standardized methods and routine data
 collection and analysis

Expands the bounds of existing knowledge Needed for regulatory requirements or
to inform resource management

Peer-reviewed literature *(reports less common) Reports *(although journals becoming more common)

LTER experiments NPS I&M, NEON

• SET studies incorporates elements of both
• Some SET studies are conducted for research, some for monitoring; many are for both 
• Results from research studies can be used for monitoring and vice-versa

Both are very good and important!

Presenter Notes
Presentation Notes
Lets briefly go over the distinction between research and monitoring and on the next slide I’ll talk about why it matters. In general, research is designed to address specific questions or hypothesis. There are unknown future paths – will you expand on this research or go in a different direction. The methods that are used for research are going to be customized specifically for the questions that you're trying to answer. Research is expected to expand the bounds of our existing knowledge. The most common end product for research is peer-reviewed literature but sometimes also reports. An example of research would be the studies that are conducted as part of the LTER program.

In contrast, monitoring is designed to document current conditions and assess change over time. There are usually well-defined future paths – once we finish one round we repeat the process. Monitoring requires standard methods so that we’re so that results collected at different times are directly comparable. The purpose of monitoring is usually that is it is needed for regulatory requirements or to inform natural resource management decisions. Monitoring results are very often published as reports or “grey” literature but some also gets published in journals. And finally, some examples of monitoring include the NPS Inventory & Monitoring program, and the NEON program. 

Of course, there is a lot of overlap between the two types and the SET lifecycle incorporates elements of both. Some SET studies are conducted more for research questions like what processes control elevation change at a particular site or how do things like fertilization or hurricanes affect elevation change. Other studies are more focused on just regular monitoring – what is the rate of elevation change at a site and how does the rate of elevation change compare to sea-level rise. I also want to emphasize that I’m not saying either one is better or more important than the other, both are very good and important!



3. Research VS Monitoring

• Academic institutions focus on teaching/doing research (this is good!) 
• Monitoring often viewed as a management activity that is unrelated to 

scientific research
• On an individual level, many of us might not be super excited about 

monitoring work:
–We want to do “fun” stuff – not sitting in front of a computer
–We want the shiny new thing – not doing the same things on repeat 
–We spend too much time getting $, teaching/supervising – limited time for seemingly non-urgent 

tasks 

• On the institutional level, research studies have also been favored due to:
–Lower cumulative costs
–Fewer long-term staffing and $ commitments
–Need to finish so students/post-docs can move on
–PI career incentives for getting more grants and rapid output of novel findings

Presenter Notes
Presentation Notes

Traditionally, our academic institutions have focused on teaching the research side and this is generally a good thing because empiricism and critical thinking are extremely important and many of the steps in the research lifecycle are the same for the monitoring lifecycle. Additionally, although attitudes are changing now, most monitoring was viewed as a management activity that is unrelated to true scientific research. 

Then, on a person level I think that many of us may not be super excited about monitoring work. I think most of us get into this field because 1) we want to do the “fun” stuff - things like designing new studies, working in the field, publishing in journals, and presenting at conferences. So not sitting in front of a computer fussing with spreadsheets, databases, and code. Similarly, we want to do science - make new discoveries or come up with new methods – in other words we are attracted to the shiny new thing, which is maybe antithetical to doing the same things over and over on repeat as needed for monitoring work. Additionally, we spend a ton of time doing things like applying for grants, teaching classes, supervising students and staff so its very likely we have limited bandwidth for things that we’re already not excited about doing and that might not always seem to be the most urgent – for example, say you’ve been meaning to write SOPs but the next field season always comes around way too quickly and you just didn’t get to it.      

On an institutional level, monitoring has not always been rewarded by the traditional academic model. ‘One-off’ research studies are favored due to lower costs, fewer long-term funding/staffing commitments, need for grad students & post-docs to finish projects, and PI career incentives for getting more money and quick output of novel publications.





Thus, we receive little training as students and spend little time 
in our careers developing experience in monitoring skills and 
processes e.g., 
• Data management, fidelity, documentation, and publication
• Statistical methods for “living” data
• Reproducible research 
• Effectively communicating results to stakeholders, resource managers, 

or non-technical audiences

3. Research VS And Monitoring

Presenter Notes
Presentation Notes
Therefore, as students we receive little training on monitoring in school, and then in our careers we spend little time developing experience in monitoring skills and processes such as data management and data publication, statistical methods for “living” data that is continuously updated, making reproducible research and workflows, and communicating results to non-technical audiences. 
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• Steps 1-3 are well defined by a multitude of prior SET 
publications, Cahoon et al. 2002ab, and the NPS SET 
protocol (Lynch et al. 2015).

• Standardization in these steps is a HUGE strength of the 
SET method.

• Rates of change derived from SET data at any one site are 
directly comparable to other SET data and to rates of SLR.

3. Research and Monitoring: The SET Context

Presenter Notes
Presentation Notes
Now going back to the SET lifecycle, lets dive a little deeper in about each of the steps. First off, steps 1 through 3 are well defined by a multitude of prior SET publications, the Cahoon papers from 2002, and the NPS SET protocol. In fact this standardization is a major strength of the SET method. We can install SETs any where in the world and know that the data will be directly comparable to other SET data and to rates of sea-level rise. 

https://doi.org/10.1306/020702720730
https://irma.nps.gov/DataStore/Reference/Profile/2225005


3. Research and Monitoring: The SET Context

• Steps 4/5. Enter, Store, Clean, & Transform data: 
–Most groups develop their own stand-alone procedures
–May or may not include documentation and publication of data

• Step 6. Analyze & Visualize data:
–Use of linear regression is standard but there is variation in implementation details– see Russell et 

al. 2022
–Many different software options

• Step 7. Publish: 
–Peer-reviewed papers, conference presentations, reports & "grey" literature
–Web-based reports or interactive visualizations (rare)
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Presenter Notes
Presentation Notes
Now lets look at steps 4 through 7 and this is where things can get a little wonky. Steps 4 and 5 include entering and storing data, data management, cleaning data, and transforming data in preparation for analysis. What I’ve seen is that most groups develop their own stand-alone procedures and they may or may not document their metadata and publish their data. Now for step 6, although the use of linear regression for data analysis is relatively standard, there is some variation in the details of how this implemented, for example there are different strategies for averaging cumulative change and in how we estimate rates of surface elevation change from these linear models. For step 7, there are many different ways of publishing results include peer-reviewed papers, conference presentation, reports, or grey literature. More recently some folks have used web-based reports or interactive visualizations, but these are less common due to the requirements for static visuals for journals or printed reports.

https://doi.org/10.1007/s10651-021-00524-1
https://doi.org/10.1007/s10651-021-00524-1


4. Common SET Data Issues

Shame is not the point!

Presenter Notes
Presentation Notes
Next I’m going to go over some of the issues I see frequently and then we’ll talk about some potential solutions and resources. I’ll note that my goal in pointing these things out is not to shame anyone. I’m just trying to share what I’ve learned during my years of working with SET data so that hopefully you can avoid the same pitfalls. I’ll also mention that I do not expect anyone to be in expert in any of these topics but I hope that you can at least be familiar with them. 



• Limited experience and emphasis on data management, 
QAQC procedures, reproducible analyses (i.e., previous 
slide #11)

• “Not Invented Here” syndrome/reinventing the wheel
• Tools/processes developed by other groups are either 

not shared or are not easily discoverable
• Processes for data management and QAQC are often 

not documented in detail (or at all)
• Unsure how to adapt and integrate tools/processes 

developed by other groups
• Frequent personnel changes + lack of defined roles 

and responsibilities

4. Common SET Data Issues

Presenter Notes
Presentation Notes
Before I explain these points, I’ll note that many of these issues are not specific to SET studies and are also present in other projects. In addition to the general lack of experience and emphasis on these topics, the first issue I often see is what's known in the programming world as “Not Invented Here” syndrome. This is a form of cognitive bias where people favor solutions they created themselves or that originated within their own group, even if better options exist elsewhere. I’m not saying you can’t do things the way you want but I always think its good to see how others have solved the problem and so then maybe you won’t need to spend as much time working out a totally original solution or you can adapt the solution for your group. Another issue that I see is that even if we want to look at how other people have dealt with their SET data, the tools and processes are either not widely shared or not easily discoverable using a basic search. Similarly, even though we usually publish the steps taken for data collection and analyses in the methods section of our papers, we usually don’t provide enough or any information about our processes for data management and QAQC. Additionally, even if other tools are available, we may not know how to adapt and integrate these tools into our own workflows. Finally, the frequent personnel changes that are common in research groups can cause issues for long-term projects because everyone likes to do things a little differently – that’s why important to have good documentation and clearly defined roles and responsibilities.




4. Common SET Data Issues: 
Why You Should Care

• Impacts to productivity: 
–Wasted time/effort trying to find files or determine 

which data file is correct
–Wasted time/effort organizing or cleaning untidy data 
–Less time/effort available for field work, analysis, 

publication, etc.

• Impacts to long-term sustainability:
–Losing or forgetting important information
–Introduction of errors or loss of data
–Unable to replicate steps used for previous QAQC and 

analyses (can’t update results)

Presenter Notes
Presentation Notes
So why should even care about these issues? If your SET data is getting collected on a regular schedule then whats the issue, right? Well all of these issues can jeopardize the productivity and long-term sustainability of your SET program. For instance, there can be significant impacts to productivity because you end up wasting time and effort on find files or determine which data is the correct one to use for analysis. Additionally, you can waste time and effort on organizing or cleaning data that hasn’t been well maintained. And this of course leaves you less time and effort available for all the other things you need to get done like field work, data analysis, or writing publications. Additionally, these issues can have significant impacts to the long-term sustainability of your SET program including losing or forgetting important information (like which set of pins goes with which instrument), the introduction of errors or loss of data, and issues with being unable to replicate the steps that you used for QAQC and analyses so you’re not able to update your results when you get new data.



4. Common SET Data Issues: 
Why You Should Care

Michener et al. 1997

Presenter Notes
Presentation Notes
A classic graphic in Michener et al. 1997 demonstrates how knowledge of a data product can be lost over time. As a research team publishes a paper, the information content of the data and metadata is at an all-time high because the ideas and concepts have been intensely studied and evaluated in the months leading up to publication. After publication, researchers move on to other projects or responsibilities, and specific details about the initial project are lost rapidly as attention is focused elsewhere. At longer time scales, other factors can contribute to the erosion of information content, including career changes through retirement or staff turnover or accidental loss of information (laptop takes a bath, lab fires, etc.).

https://doi.org/10.1890/1051-0761(1997)007%5b0330:NMFTES%5d2.0.CO;2


5. Fortifying the SET Data Lifecycle: 
Discuss & Get Buy-in

• Meet regularly to identify what is/isn’t working
- E.g., Yearly operational reviews conducted by NPS I&M networks

• Clearly define roles & responsibilities
• Consider potential downstream effects
• If you’re happy with your current system, keep it
• Drastic changes are likely unnecessary and can hurt you

- Focus on simple fortifications  – e.g., documentation, organize files, develop 
a field data sheet

- Then maybe get more advanced – e.g., databases, packaging 
code, automated reporting

- Get buy-in

Presenter Notes
Presentation Notes
So now I’m going to go over some of my suggestions for fortifying the SET data lifecycle and then I’ll go over some specific resources that I’ve found. I’ll note that the things on this slide apply to all stages of the SET lifecycle. First and foremost is the need to check-in and communicate frequently to identify things that are or aren’t working and come to a consensus on how you want to move forward. For example, within NPS I&M we have a formalized process for doing this called yearly operational reviews and we do these for each of the things that we monitoring and we also document and publish our notes so that everyone is on the same page. Additionally, I’ve found that it's really important to define roles and responsibilities with your group because when we weren’t sure who is supposed to do each thing, then that’s when things get overlooked. I would also urge you to consider any potential downstream effects of both your current workflow and any changes you might make – for example, will the format of your raw data make it difficult for your team to work with the data? Or is there information about your sites that someone would need to know for analysis well documented somewhere? Of course, if you’re happy with your current system and you’re getting the outcomes you want, you can also keep it as is – no need to fix something that isn’t broken. And finally, I’ll stress that any drastic changes are likely unnecessary and could led to unintended harm. Your probably already doing a lot of these things already. If you feel like you want to do some of things or improve your current processes, I would really focus on some simple things like documentation, organizing your files, developing a field data sheet, etc. Then if you’re interested and have time, you can get more advanced with things like databases, packaging code, and automated reported. With any of these changes, I’ll stress that you really want to make sure that you get buy-in from your team on all of these things because people are unlikely to use things that they don’t understand or that don’t work for them.



5. Fortifying the SET Data Lifecycle: 
Document Everything

• Get things out of your brain and on paper 
• Write SOPs - be specific and include pictures
• Think about what someone will need to know to take over 

if you leave

File naming 
conventions Folder structures Data entry procedures QAQC procedures

Data processing steps Data analysis 
formulas/code

Data visualization 
templates/code

Data reporting 
templates/code

Metadata creation Data publication 
procedures

Important metadata & 
logistics Protocol deviations

Presenter Notes
Presentation Notes
Another one of my main recommendations is to document everything. We really need to get things out of brain and on paper because everyone forgets. Write out your SOPs – be specific and include pictures – pretend you have a new person joining the project who has never done anything with SETs and layout the steps needed to follow your procedures. Finally I think its really helpful to think about and document the other information that someone would need to know to over if you leave – and this can be protocol deviation-type things like “SET 3 at Assateague need to use longer pins starting in 2016, so you’ll need to adjust the data from before that time to account for the different pin lengths” but it could also be logistical things like “launch the boat from here to access this site or don’t try to go to this site during high tide because it’ll be underwater” etc. In this table I listed out all the things you should think about documenting.



• Establish standardized file naming and folder 
structures

• Template a field data sheet and stick to it
• Spreadsheets are great for data entry/storage
• Recommendations for excel data entry/storage:

- Treat raw data as read-only
- Use “versioning”
- Store notes separately from raw data
- Incorporate controls for data entry errors, 
alterations, or deletions

• FAIR data: Findable, Accessible, Interoperable, 
Reusable

5. Fortifying the SET Data Lifecycle: 
SET Data Entry & Storage Enter & 

Store 
data

Presenter Notes
Presentation Notes
Now moving on to some recommendations for the data entry and storage step of the lifecycle. Establish standardized file naming convention and folder structures - this makes it much easier to keep all of your relevant data files organized and helps to prevent confusion and errors resulting from not knowing which data files should be used for what. So this is important for distinguishing between your raw data files, QAQC files, processed data files, or older versions. Don’t forget to document the file naming conventions and even provide examples of what kind of things should go in each folder. Create a template for your field data sheet and stick to it – this can help make sure that you record all the things you need to get while you’re in the field and is also a good way to have important info readily available in the field. While databases are great for data entry and storage many of us just don’t have the experience and time needed to stand up a database. Spreadsheets are probably more practical for most us and are great for data entry and storage but you need to keep your raw data spreadsheet separate from everything else. I would recommend that you treat your raw data files as read-only – so don’t clean, transform, QAQC  or analyze data within the raw data spreadsheet. You can either create a copy of the raw data spreadsheet and then do these things or use excel formulas to reference the raw spreadsheet. In keeping with this, I recommend that you do whats called versioning when entering new data. So this would mean that you move the current raw data spreadsheet to an archive folder, create a copy of it in your working data folder, and then add your new data to the copy. Store your notes separately from the raw data – you can have a “flag” column for notes about individual pin measurements but try to keep other notes separate. Use controls like cell formatting to limit data entry errors and prevent the alteration or deletion of data. Finally, it can be helpful to think about your data in the context of the FAIR standard, so you want your data to be findable, accessible, interoperable, and reusable.




• Use programming tools whenever possible
• “Point-and-click” software is also fine but 

requires caution 
• Create an excel template with built-in data 

validation, conditional formatting, formulas, 
actions, etc.

• Document the “whys”
• Keep it human-readable
• Create reusable functions & limit copy-paste
• Package/share your code
• Document the full workflow – e.g. enter raw data 

in excel -> transform/analyze using “XYZ.R” -> 
export results to tables in word doc

5. Fortifying the SET Data Lifecycle: 
Doing Stuff with SET Data

Clean & 
Transform 

data

Analysis 
& Visuals

Presenter Notes
Presentation Notes
Now some recommendations for doing stuff with the data like cleaning, transformation, analysis and visualization. I prefer to use programming tools whenever possible because they make it much easier both to document things and to reuse them later. So I have code for QAQC, data processing, analysis, visualization, reporting, metadata creation, and publication. 

Of course I understand that a lot of people prefer excel or other point-and-click software like SAS, JMP, etc, and I’m not going to try to convince you not to use them, but when you use these tools I think you need to take some extra precautions to make sure that your steps are repeatable. For example, if you use excel for these tasks, I recommend that you create a blank template workbook that has built-in controls and formulas that can be reused every time you do these steps. Note that excel also now has tools for scripting and automating. 

Make sure that your documentation also includes the “whys” for each of the important steps or for things that might not be obvious. For example, don’t just put a comment that says “add 1000 to each pin measurement” but instead say “add 1000 to each pin measurement for x, y, z reasons.”

Additionally, for both code and other programs, try to keep it clean and human-readable, so this means it should be written in a way that is easily understood by humans rather being optimized for machine execution. My favorite tool for accomplishing this is the tidyverse set of R packages.
 
Whenever you find something repeating a task – either in code or your other software – that’s a sign that you should save that function so that it can reused. You should also try to limit your reliance on copy-pasting things because that makes it easy to introduce error.s

Package and/or share your code or worksheet templates and include examples for how to use them. This is important not only for repeatability but hopefully if we all start doing this more we can limit having to reinvent the wheel.

Finally, you’ll want to document your full data processing and analysis workflow because you’ll likely be using a number of different tools for different parts of this process so its important to document how they’re meant to be used together.








6. Tools for Fortifying the SET Data Lifecycle:
NPS I&M SET Resources

• NPS SET-MH Protocol 
- First published in 2015
- General SOPs for data management (SOP 7) and analysis (SOP 8)
- Sample field data sheet and sample data entry/QAQC 

spreadsheet
- Version 2.0 coming soon!

• NPS SET Protocol Implementation Plans: Southeast Coast 
Network, South Florida & Caribbean Network

• NPS SET SOP 2.3.06 – Data Entry (NPS I&M specific) 
• NPS SET SOP 2.3.05 – Data QAQC & Publication (NPS I&M 

specific)
• SET metadata creation templates for use with the 

NPSDataverse R package – see NPS SET SOP 2.3.05 

Presenter Notes
Presentation Notes
Next, I’m going to go over a bunch of different resources for fortifying the SET data lifecycle. And these are going to include some SET-specific resources and general resources for things like documentation, file naming and folder structures, data entry and QAQC procedures, data analysis and visualization, and reporting. First here are some resources that were developed specifically for the NPS I&M SET program but could be useful to others. So the first resource obviously has to be the O.G. NPS SET-MH protocol that was first published in 2015 by Jim Lynch, Philipe Hensel, and Don Cahoon. Even though SETs have been in use since the early 90s, this was really the first document to describe the specific steps needed for designing SET studies, installing them in field, and collecting data. In the context of SET data, this protocol also contains SOPs for data management and analysis. I’ll also note that this link go to the NPS Datastore page for the protocol and there you can also find a sample field data sheet and a sample spreadsheet for data entry and QAQC. I’ll give plug for version 2 of this protocol that we’re hoping to get published by the end of this year. And version 2 includes some updates and additional detail to the info in the original version and also some new info about updating SET benchmarks, replacing marker horizons, installing water level loggers, and data management and analysis. Next I included links to the protocol implementation plans for the NPS I&M Southeast Coast Network and the South Florida & Caribbean Network. In the NPS I&M program, we use protocol implementation plans to document any of our network-specific SET information and includes logistical information like schedules, site maps, and directions for accessing the sites. Although the info in these protocol implementation plans are only relevant to NPS I&M folks, I think they’re a good example of the kinds of things that you should be documenting for your SETs. The next 2 resources that are linked to are our I&M specific SOP for SET data entry, QAQC, and data publication. Again although this information is likely not relevant for you, I think it could be a good guide for creating your own version of this document. Whereas the 2015 SET-MH protocol gives a general description of the methods that anyone could use, these 2 SOPs actually detail the specific steps that we use in the I&M program. The final resource shows the code that we use for creating the metadata and publishing the SET data that we collect each year.  

https://irma.nps.gov/DataStore/Reference/Profile/2225005
https://irma.nps.gov/DataStore/Reference/Profile/2301244
https://irma.nps.gov/DataStore/Reference/Profile/2301244
https://irma.nps.gov/DataStore/Reference/Profile/2230638
https://irma.nps.gov/DataStore/Reference/Profile/2293214
https://irma.nps.gov/DataStore/Reference/Profile/2298702
https://irma.nps.gov/DataStore/Reference/Profile/2305203
https://irma.nps.gov/DataStore/Reference/Profile/2298702


6. Tools for Fortifying the SET Data Lifecycle:
SET-Specific R Resources

• SETr package + NERRS SETr website 
- Developed by Kim Cressman for NERRS SET data
- QAQC, calculate + visualize cumulative change
- Will need to transform your data to match the NERRS SET 

data format

• SETr Reserve Template
- Developed by Kim Cressman for NERRS SET data 
- R scripts & file structure for the full NERRS SET workflow
- Includes code and instructions for data entry, processing, 

analysis, visualizations, reporting

Presenter Notes
Presentation Notes
The next few resources are SET-specific tools for use with R code. The SETr package was developed by Kim Cressman for the NERRS program and this package contains some really great functions for creating visualizations that can be used to QAQC data and calculate and visualize cumulative surface elevation change and accretion. One thing to note about this is that in order to use these functions with your own data, you’ll need to reformat them to match the NERRS data, but that should be relatively easy and mostly just a matter of changing column names and maybe pivoting your data from wide to long format, but there is an example data set included with the package so that you can see what your data needs to look like. Then theres the SETr Reserve template that was also developed by Kim Cressman for the NERRS program. I included this as a resource because this is a good example of documenting the steps needed to complete the entire SET data lifecycle since this repository includes code and instructions for the full NERRS workflow including data entry, processing, analysis, visualization, and report creation.

https://github.com/swmpkim/SETr
https://nerrssciencecollaborative.org/project/Cressman18
https://github.com/swmpkim/SETr_Reserve_Template


6. Tools for Fortifying the SET Data Lifecycle:
SET-Specific R Resources

• NCBN SETr package
- Borrowed + adapted some functions from Kim’s SETr package 
- Standardizes NPS-specific functions for downloading and transforming data
- Calculate and visualize linear rates of change
- Download and calculate long-term and/or recent SLR from nearest NOAA station
- Will need to transform your data to match the NPS format
- An example of adapting tools developed by other groups to suite my needs.

• SET-viz package 
- Developed by Ellen Cheng for NPS SET data
- Dashboard-style interactive visuals for QAQC
- Will need to transform your data to match the NPS format
- See NPS SET SOP 2.3.05 for instructions

Presenter Notes
Presentation Notes
Next are two SET-specific R resources that were built for the NPS I&M program but that could be adapted to work with other data. The first is the NCBN SETr package that I created to work with SET data from the northeast region of the NPS I&M program. So I borrowed a lot of the functions from Kim’s SETr package for the NERRS. This could maybe be seen as an example trying to reinvent the wheel since Kim already did a great job with the NERRs SETr package and normally I would have just used her functions and moved on with my life. But I felt it was necessary to adapt Kim’s package into my own version because 1. I wanted to standardize the NPS-specific methods that we use for downloading and transforming our SET data, 2. Because I wanted to add some functionality for things like calculating and visualizing linear rates of change and downloading NOAA water-level data and calculating sea-level rise rates, and 3. because I wanted to make it easy for some of our NPS users with limited coding skills to download and work with our SET data without having to transform it into the NERRS format. So rather than reinventing the wheel I think this is a good example of how you can adapt the tools that have already been developed by another group to meet your needs. And similar to the NERRS SETr package, you’ll need to transform your data into our format inorder to use these functions but again that should be relatively simple to do and I’ve included some example data with the package so that you can see what your data needs to look like. The final SET-specific R resource that I have is the NPS SET-viz package that was developed by Ellen Cheng and this package provides an interactive dashboard visualizer that we use to QAQC our SET data. Note that again you’ll need to reformat your SET data to get it match our format.

https://github.com/laura-feher/NCBN_SETr
https://github.com/nationalparkservice/SET-viz
https://irma.nps.gov/DataStore/Reference/Profile/2298702


• Russell & Cressman 2025 - Building trust with and strengthening a large collaborative 
research group including a team statistician: Lessons learned from SETr and 
NAMASTE

• Russell et al. 2022 - How should surface elevation table data be analyzed? A 
comparison of several commonly used analysis methods and one newly proposed 
approach

• Yenni et al. 2019 - Developing a modern data workflow for regularly updated data
- UpdatingData.org - tutorial on setting up automated workflows for checking and processing 

regularly-updated data
- Living data starter repository - template Github repo for regularly-updated data

• Data validation in excel - restrict the type of data/values that users can enter 

6. Tools for Fortifying the SET Data Lifecycle:
Other Relevant Resources

Presenter Notes
Presentation Notes
The next 3 slides contain some links to other relevant resources that you might find helpful. I’m not going to go over them in detail but I included them here so that you can look at them later.

https://link.springer.com/article/10.1007/s42519-025-00467-x
https://link.springer.com/article/10.1007/s10651-021-00524-1
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000125
https://www.updatingdata.org/
http://github.com/weecology/livedat
https://support.microsoft.com/en-us/office/apply-data-validation-to-cells-29fecbcc-d1b9-42c1-9d76-eff3ce5f7249


• Happy Git and GitHub for the useR - getting started with version control 
and code sharing/collaboration in RStudio 

• NERRS Guide to Collaborative Science
• A Minimal Introduction to Reproducible Research
• NPS IMD Advanced R Training
• Buckley et al. 2025 - Using dynamic documents to mend cracks in the 

reproducible research pipeline 
• Hampton et al. 2017 - Skills and knowledge for data-intensive 

environmental research

6. Tools for Fortifying the SET Data Lifecycle:
Other Relevant Resources

https://happygitwithr.com/
https://nerrssciencecollaborative.org/guide
https://www.ecologi.st/data-management/
https://katemmiller.github.io/IMD_R_Training_Advanced/
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/1365-2745.14454
https://doi.org/10.1093/biosci/bix025


• Hampton et al. 2015 - The tao of open science for ecology
• Rüegg et al. 2014 - Completing the data life cycle: using information 

management in macrosystems ecology research
• Data Carpentry: Data Organization in Spreadsheets for Ecologists
• Data Management SOP for the Tampa Bay Estuary Program
• Broman and Woo 2018 - Data organization in spreadsheets
• White et al. 2013 – Nine simple ways to make it easier to (re)use you 

data.

6. Tools for Fortifying the SET Data Lifecycle:
Other Relevant Resources

https://doi.org/10.1890/ES14-00402.1
https://doi.org/10.1890/120375
https://datacarpentry.github.io/spreadsheet-ecology-lesson/
https://tbep-tech.github.io/data-management-sop/
https://doi.org/10.1080/00031305.2017.1375989
https://digitalcommons.denison.edu/cgi/viewcontent.cgi?article=2593&context=facultypubs


7. Strategies/Examples of Integrating 
SET Research into NR Management

1. Design 
the study

2. Install 
SETs

3. Collect 
data

4. Enter & 
Store 
data

5. Clean 
& 

Transform 
data

6. 
Analysis 

& Visuals
7. Publish

Presenter Notes
Presentation Notes
Finally, I’m going to discuss some strategies and examples for integrating SET research into natural resources management. And continuing on with the theme of the SET data lifecycle, I would consider this an essential part of the final “publish” step. So first I’m going to talk about these strategies in the context of journal publications and then I’ll discuss a few other types of products.



Strategy: Identify the most at-risk areas that would 
benefit from either restoration or conservation 

7. Strategies/Examples of Integrating 
SET Research into NR Management

Example: Delgado et al. 2024
• Measured SETs in different marsh zones and used rates of surface elevation change to 

suggest priority areas for restoration efforts
• “Low marsh along primary channels lost elevation (−11.57 mm year−1), while the mid-high 

marsh gained elevation (+2.65 mm year−1).”
• “If restoration is considered in [the Jug Bay] system, it should focus on the vulnerable low 

marsh zones along primary channels.”

7. Publish

Presenter Notes
Presentation Notes
So first I’m going to go over a few strategies and examples from journal publications that I found to be good examples for integrating SET research into natural resources management. One strategy is to use your SET data to identify the most at-risk areas that would benefit from either restoration or conservation. This example comes from Delgado et al. 2024 who measured SETs in different marsh zones and use rates of surface elevation change to suggest which areas should be prioritized for restoration. So they found that “primary channels lost elevation (−11.57 mm year−1)” and thus they recommend “If restoration is considered in the Jug Bay system, it should focus on the vulnerable low marsh zones along primary channels.” 

https://link.springer.com/article/10.1007/s12237-024-01328-9#Sec13


Strategy: Identify successful (or unsuccessful) 
management actions and quantify the degree of impact 

7. Strategies/Examples of Integrating 
SET Research into NR Management

Example: Staver et al. 2024a (also see Staver et al. 2024b)

• Used SETs to measure surface elevation change in marshes created from “fine-grained, nutrient-rich 
dredged material from upper Chesapeake Bay” (Poplar Island, MD).

• “Using > 10 years of data from 39 surface elevation tables, we found that the mean low marsh rate of 
elevation change (7.7 ± 3.21 mm year−1) was double the mean high marsh rate (3.6 ± 0.47 mm year−1) 
and exceeded the natural reference marsh (3.0 ± 2.28 mm year−1) and relative SLR (5.7 mm year−1).”

• “The use of fine-grained dredged material as a substrate for tidal marsh restoration results in marshes 
that are resilient to RSLR in the first one to two decades of development, supporting the use of this 
type of substrate for future projects.”

7. Publish

Presenter Notes
Presentation Notes
Another strategy is to use your SET data to identify successful or unsuccessful management actions and quantify the degree of impact. In an example from Staver et al. 2024, they used SETs to measure surface elevation change in marshes created from “fine-grained, nutrient-rich dredged material from upper Chesapeake Bay” and this is referring to the restoration project at Poplar Island, MD. They found that the mean low marsh rate of elevation change (at 7.7 mm/yr) exceeded both the reference marsh (at 3 mm/yr) and relative sea-level rise (at 5.7 mm/yr. Based on these findings, they suggest that the use of fine-grained dredged material as a substrate for tidal marsh restoration results in marshes that are resilient to RSLR in the first one to two decades of development, supporting the use of this type of substrate for future projects.” So I really like this example because they actually recommend a very specific management action and they also quantify the benefits of the management action.

https://doi.org/10.1007/s12237-023-01319-2
https://doi.org/10.1007/s13157-020-01295-4


Strategy: Identify successful (or unsuccessful) 
management actions and quantify the degree of impact 

7. Strategies/Examples of Integrating 
SET Research into NR Management

Example: Surface Elevation Trends in North Carolina's 
Coastal Wetlands
• “In all cases, SETs in marsh sill living shorelines 

measured net positive elevation gain. In contrast, 
only two of the eight SETs installed in paired 
reference marshes measured net increases in 
elevation over time.”

• “Marsh-sill living shorelines can provide protection 
against erosion and, as demonstrated here, sills 
can help to promote elevation gain.”

7. Publish

Presenter Notes
Presentation Notes
Heres another example of this strategy that comes from this white paper synthesizing surface elevation trends in North Carolina’s coastal wetlands. So they found that marshes with sill living shorelines had positive rates of surface elevation change as compared to the reference marshes and based on these findings they suggest that these sill living shorelines can be an effective restoration strategy. 

https://iris.fws.gov/APPS/ServCat/DownloadFile/248442
https://iris.fws.gov/APPS/ServCat/DownloadFile/248442


Strategy: Provide generalizable frameworks for decision 
making and examples of their use 

7. Strategies/Examples of Integrating 
SET Research into NR Management

Example: Ganju et al. 2024a and Ganju et al. 2024b 
• Combined SET data + UVVR to develop a decision support matrix for use within the RAD framework

7. Publish

Presenter Notes
Presentation Notes
Another strategy is to use your data to provide a generalized framework that could be used for decision making and also provide examples of how it can be used. For example, these two papers from Ganju et al. 2024 combined SET data with UVVR data to develop this decision support matrix for use within the Resist-Adapt-Direct or “RAD” framework.

https://doi.org/10.1007/s12237-023-01221-x
https://doi.org/10.1007/s12237-023-01275-x


Strategy: Evaluate the current state of the ecosystem 
and identify specific deficits and need for action

7. Strategies/Examples of Integrating 
SET Research into NR Management

Example: Hartig et al. 2024
• Utilized SET + elevation data to create an index of salt marsh condition 
• “Overall, these results aid in evaluating site vulnerability, capacity to accrete sediment, and 

opportunities for sustainable restoration, particularly with greater tidal inundation of nutrient-
enriched waters under accelerated RSLR.”

• “The SET-MH network results offered a sense of urgency showing that while there were elevation 
surpluses and deficits, none indicated long-term stable condition.”

• “In mitigating marsh loss, the design grades for our recent wetland restoration projects enlarge the 
upper elevation ranges of the low- and high-marsh zones and incorporate wider and more gradual 
slopes in upland transition zones to enable inland marsh migration.”

7. Publish

Presenter Notes
Presentation Notes
One final strategy here is to use your data to evaluate the current state of the ecosystem and identify specific deficits and needs for action. Hartig et al. 2024 utilized SET data in conjunction with elevation data to create an index for assessing salt marsh condition in the area around New York City. And this example is also really nice because they even mentioned how they had used the results of this study to inform their restoration projects. 

https://doi.org/10.1007/s12237-024-01374-3


7. Strategies/Examples of Integrating 
SET Research into NR Management 7. Publish

Effectively communicating results to stakeholders, resource 
managers, or non-technical audiences requires a different 

approach than publishing papers:
• Determine what format or type of content would be most helpful to them
• Don’t over complicate your methods, results, discussion
• Focus on a small number of take-home messages
• Use visuals to illustrate your main points
• If possible, provide recommendations based on your results *(use with caution)

Example: “We measured surface elevation change in the marsh at Feher’s Point between 2010 to 
2020 using a surface elevation table (SET). The SET is a portable leveling instrument that 
measures small changes in the elevation of the marsh over time. The rate of surface elevation 
change in the marsh was 1.00 mm/yr and the relative rate of sea-level rise over this same period 
was 5 mm/yr (Fig. 1). Thus, the marsh at Feher’s Point is not keeping pace with sea-level rise and 
will likely be converted to open water by 2050.”   

Presenter Notes
Presentation Notes
Next I’m going to go over a few examples of ways to effectively communicate your results so that your SET data can be integrated in natural resource management. Although publishing papers in journals is also really important for communicating your results and advancing the science, very often we need to take a different approach for communicating our results to decision makers. In many cases, our stakeholders and resource managers aren’t academics so they might not be looking at all of the research that gets published in journals and even if they do, it might not be obvious what the implications for natural resource management are. A few general tips in this regard – try to determine what type of content or product would be the helpful to them. Interactive dashboards are very snazzy and impressive but that might be too much information and they just want the most important results in a short 2-page report. Another tip is try not to over complicate your methods, results, or discussion – keep it short and simple and refer the reader to your journal paper for additional details. Try to focus on a small number of take-home messages and use visuals to illustrate those main points. A final tip would be to provide recommendations based on your results if possible. I know that often in the research that I’ve done with the federal government, we’re not really allowed to be prescriptive but I think its usually ok to provide some general recommendations that are supported by results like “this marsh has the lowest rate of surface elevation change and should therefore be prioritized if restoration occurs”. And then if you can provide specific recommendations as long as their supported by your results, then I think that’s even better. 



7. Strategies/Examples of Integrating 
SET Research into NR Management

New Jersey Tidal Wetland Monitoring Network (NJTWMN)

7. Publish

Presenter Notes
Presentation Notes
This example comes from the New Jersey wetland monitoring network which is supported by the New Jersey Department of Environmental Protection. They’ve taken their SET data and created this interactive map that shows rates of surface elevation at various sites around the state. These kind of maps are nice because it allows you to see if there are any obvious spatial trends and it makes it easier to focus in on any “hotspots.”

https://nj-tidal-wetland-monitoring-network-njdep.hub.arcgis.com/


7. Strategies/Examples of Integrating 
SET Research into NR Management

USGS Coastal Wetland Synthesis Applications

7. Publish

Presenter Notes
Presentation Notes
This next example comes from the USGS group at Woods Hole and this is another online mapping application and this one was developed for National Wildlife Refuges throughout the southeast and it shows rates of surface elevation change but in addition to the SET rates it also shows several other relevant layers like change in vegetation cover and UVVR.

https://geonarrative.usgs.gov/uscoastalwetlandsynthesis/


7. Strategies/Examples of Integrating 
SET Research into NR Management 7. Publish

SECOORA SET OceansMap

Presenter Notes
Presentation Notes
And of course, you have the recently published SECOORA SET map which includes options for lots of different additional data layers which is really great! 

https://oceansmap.com/secoora-set/


7. Strategies/Examples of Integrating 
SET Research into NR Management

Moon et al. 2022

7. Publish

Presenter Notes
Presentation Notes
This next example comes from a publication that I did with Jena Moon at FWS where we looked at surface elevation change rates from NWRs throughout coastal Texas. So this figure shows rates of surface elevation which are highlighted with red dots in comparison to recent rates of sea-level rise in the grey, and future predicted rates of sea level rise in blue, yellow, and red. And based on this graphic you can very quickly see that most sites are not keeping up with current sea-level rise and none of the sites are keeping up with future predicted rates of sea-level rise.

https://link.springer.com/article/10.1007/s13157-022-01565-3


7. Strategies/Examples of Integrating 
SET Research into NR Management

National Synthesis of NERR Surface Elevation Table Data | NERRS Science Collaborative

7. Publish

Presenter Notes
Presentation Notes
This example is one of the graphics produced by the NERRs for their national SET synthesis. I like this graphic because it makes it easy to how rates of surface elevation change vary throughout the US. 

https://nerrssciencecollaborative.org/resource/national-synthesis-nerr-surface-elevation-table-data


Strategy: Effectively communicate results to stakeholders, 
resource managers, or non-technical audiences

7. Strategies/Examples of Integrating 
SET Research into NR Management

National Synthesis of NERR Surface Elevation Table Data | NERRS Science Collaborative

7. Publish

Presenter Notes
Presentation Notes
This is another example from the NERRs but this is a report that was produced for a specific reserve. Both these figures are really nice because they provide a lot of information in a relatively simple format. The figure on the left shows rates of surface elevation for each site and their confidence intervals as a way to show the level of uncertainty of these estimates and also shows the estimated local rate of sea-level rise and its uncertainty. So from this graphic we can see that all of the sites except 1 have rates below 4 mm/yr although some sites had greater variation then others, and you can also see that most of the sites had rates of surface elevation change that was lower then local sea-level rise. And the figure on the right is a map with colored icons indicating how the rates of surface elevation change compare to sea-level rise. 

https://nerrssciencecollaborative.org/resource/national-synthesis-nerr-surface-elevation-table-data


Strategy: Effectively communicate results to stakeholders, 
resource managers, or non-technical audiences

7. Strategies/Examples of Integrating 
SET Research into NR Management 7. Publish

Long-Term Monitoring Reveals Challenges and Resilience at Dyke Marsh (U.S. National Park Service)

Presenter Notes
Presentation Notes
Finally, this graphic from a report produced by the National Capital Region I&M network uses a similar tie-fighter style plot and also includes some very brief text that is important for putting these results in context.  

https://www.nps.gov/articles/000/marsh-health-at-dyke-marsh-george-washington-memorial-parkway.htm
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7. Publish

github.com/laura-feher

Laura C. Feher - Google Scholar

Northeast Coastal and Barrier 
Inventory & Monitoring Network (U.S. 

National Park Service)

https://github.com/laura-feher
https://scholar.google.com/citations?user=OFT-qhUAAAAJ&hl=en
https://www.nps.gov/im/ncbn/index.htm
https://www.nps.gov/im/ncbn/index.htm
https://www.nps.gov/im/ncbn/index.htm
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