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Thank you for the introduction and I wanted to thank you all for inviting me to present our USGS wildland fire dataset. I want to start by acknowledging and thanking my co-author, Michelle Jeffries. 



Thank you to our 33 team members!
States

Minnesota

Virginia

Universities

Federal Agencies
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I also want to thank everyone who helped us make this fire dataset. We worked with a diverse team that, at it’s peak, contained more than 33 members from a multitude of agencies and states. Michelle and I learned so much from them.



So Many Acronyms
Acronym Full Name

BLM Bureau of Land Management

BLM VTRT BLM Vegetation Treatment Dataset

GeoMac Geospatial Multi-Agency Coordiantion

LTDL Land Treatment Digital Library

MTBS Monitoring Trends in Burn Severity

NFPORS National Fire Plan Operations and Reporting System

NIFC National Interagency Fire Center

NPS National Park Service

QC Quality Control (post collection data cleanup)

Rx Prescribed Fires

USFS United States Forest Service

USGS U.S. Geological Survey

WFTT Wildland Fire Trends Tool
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As you are all probably aware, both government and fire folks love our acronyms. Even when we tried so hard to get people to call our Land Treatment Exploration Tool the “Exploration Tool”, we eventually gave up and started calling it the LTET like everyone else. Here is the list of acronyms I’m going to be using throughout the talk. If you have any questions about any of them feel free to ask.



Data Management Note – Building Teams

• Recognize we are not experts in everything
• Leverage others to improve the dataset
• Engage, listen, and learn

• Let the group grow and adapt
• Be willing to let others invite members

• Large groups are harder to manage
• Have an agenda and stick to it
• Record meetings
• Utilize sub-groups when necessary
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When Sheryn invited me, one of the things she asked me to do was dive into some of the details of the process, not just talk about the data themselves. I’ve sprinkled these process slides throughout the talk and the first one here includes some lessons learned on assembling a team. It starts with recognizing that we are not experts in everything. Michelle and I learned so much about fire working with the fire group we assembled. (click) It’s also important to let the group grow and adapt. That includes letting the experts invite other experts. (click) However, large groups come with a downside, they are often hard to manage so it’s important to be organized. Meetings need to have an agenda that you stick to and purpose. You also need to utilize sub-groups when necessary.



Fires – An Introduction

• Wildfires are essential to many ecosystems
• Within the last 40 years, in some ecosystems,

• Wildfires have grown in number, size, 
frequency, and severity

• Burning in ecosystems not adapted to new fire 
regimes

• Threat to life, property, and ecosystems
• A changing climate and fire prone invasive species

will only worsen the situation in the future Photo by the National Interagency Fire Center
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Now, let’s talk a bit about fires and how and why we built the dataset. While wildfires are currently seen by the public as this enormous threat, fire is actually essential to many ecosystems that cannot function without it. However, within the last 40 years, since satellite fire mapping became available, fires have grown in number, size, frequency, and severity in multiple ecosystems. Much of this is due to fires burning in ecosystems not adapted to intense or frequent fires. These fires often pose a threat to life, property, and the ecosystems in which they burn. In addition, a changing climate and the introduction of fire prone invasive species will only worsen this situation in the future. A lot of the research we conduct at our own center here in Boise Idaho revolves around wildfires. We need to understand where past fires have occurred to identify sample plots on the ground, to help us predict future wildfire patterns, and monitor post-fire recovery. 



Identifying a Need

Dozens of existing datasets, but all have limitations
• Year range (GeoMac, MTBS)
• Geographic location (state datasets)
• Duplicate polygons (NIFC)
• Geospatial accuracy (circle fires, projections)
• Minimum fire size requirements (MTBS)
• Attributes are inconsistent or missing

Figure from Arkle, Pilliod, and Welty 2012
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However, all the fire datasets we discovered were limited in one, or potentially, multiple ways hampering our ability to conduct analyses that we wanted. There are literally dozens of fire datasets out there and some, like MTBS, are very powerful. However, limitations including years and locations, duplicate polygons, geospatial accuracy, minimum size requirements, and missing or incorrect attributes all caused us concern as we went to utilize the data. We needed as complete a picture of fire as possible and what we needed simply did not exist. 



How is the USGS dataset different?

 Merges all existing fire datasets
 Removes duplicate polygons
 Removes estimated or unknown year fires
 Combines and append important attributes 

from all polygons
 QCs and flags fires that may contain errors
 Creates scripts to automate as much of the 

process as possible
 Fills in the missing gaps by digitizing older 

fires for a more complete dataset
Photo by the National Interagency Fire Center
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So, how is the USGS dataset different? Well the dataset (read them)



Data Management Note - Automation

• Automation can be very helpful when working with and managing datasets
• Humans can’t catch everything and we are really slow
• Datasets have outgrown Excel

• Two main approaches
• Utilize existing software
• Custom scripts
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This brings me to my next process slide. We have to start automating our data storage and quality control processes. Humans simply can’t catch everything, plus we are really, really slow. There have been multiple times people have assured me that their datasets were complete and thoroughly checked for errors and within 5 minutes I’ve been able to use some automated tricks to identify errors and inconsistencies in the data. The days of Excel are over. There are a multitude of desktop and online platforms designed to help you manage your data. (click) There are two main options. First you can utilize existing software. Second you can create custom scripts that help you look for errors you know likely exist in your data. I’ve generally found that a combination of both approaches work best.



Making the Fire Boundary - A Tiered Approach

+ + =

+ + =
Tier 1 Tier 2 Tier 3

Tiers
1. NIFC Interagency
2. MTBS Wildfires
3. National and local fire 

layers (32 layers): 
GeoMac, NIFC, NPS, 
USFS, California, Idaho)

4. GeoMac Annual
5. Land Treatment Digital 

Library Wildfires
6. MTBS Rx fires
7. LTDL, NFPORs, State 

Rx
8. BLM VTRT
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After we created the polygons, next we had to add the attributes. Attributes are critical to understanding the fire or any dataset. The problem is every dataset collects attributes a little bit differently and some attributes, especially dates, are collected inconsistently or incorrectly. Our solution was to give every dataset a consistent set of attributes, some examples of which are highlighted in this slide, that would allow the different datasets to be appended to each other using this consistent mapping as a crosswalk between the datasets. When the datasets were appended together there were often multiple polygons for a single fire. After the polygons were combined to create a single fire polygon, (click) the attributes from all fires that intersected this new polygon in space and time were merged to create a single set of attributes for the fire. Some of these fires could literally have dozens of polygons contributing attributes which created a massive attribute table. Imagine 34 different fire names, most of which are duplicates (click). To simplify the attribute table, we wrote a script that identified duplicates and counted them. Then we added the attribute and it’s count to the attribute table. This method allowed us to not only see the data more clearly, but helped us identify potential errors and issues such as multiple fires being combined into a single fire polygon. (click) Finally we added flag and description fields to highlight potential errors and inconsistencies in the data.



Adding Attributes From Multiple Datasets

Attributes are critical
• We gave every dataset a consistent set of attributes

• Append and merge attributes from all intersecting fires
• Used “Attribute (n)” method to combine identical attributes from multiple datasets

• Added additional flag and description fields 
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After we created the polygons, next we had to add the attributes. Attributes, or specific fields in the data the define specific fire parameters like name, year, and ID, are critical to understanding the fire or any dataset. The problem is every dataset collects attributes a little bit differently and some attributes, especially dates, are collected inconsistently or incorrectly. Our solution was to give every dataset a consistent set of attributes, some examples of which are highlighted in this slide, that would allow the different datasets to be appended to each other using this consistent mapping as a crosswalk between the datasets. When the datasets were appended together there were often multiple polygons for a single fire. After the polygons were combined to create a single fire polygon, (click) the attributes from all fires that intersected this new polygon in space and time were merged to create a single set of attributes for the fire. Some of these fires could literally have dozens of polygons contributing attributes which created a massive attribute table. Imagine 34 different fire names, most of which are duplicates (click). To simplify the attribute table, we wrote a script that identified duplicates and counted them. Then we added the attribute and it’s count to the attribute table. This method allowed us to not only see the data more clearly, but helped us identify potential errors and issues such as multiple fires being combined into a single fire polygon. (click) Finally we added flag and description fields to highlight potential errors and inconsistencies in the data.



Identifying Errors and Issues

Error checks to flag potential issues
• Wildfire and prescribed fire notices
• Polygon with wildfire and prescribed burn 
• Fires that overlap >10% within 1 or 2 years
• A measure of the polygon circle-ness

Circle-ness = 0.000017 Circle-ness = 0.99
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Throughout the process we preformed various quality control checks. When dealing with big data, it’s important to acknowledge that every dataset will have errors. We flagged these fires as potential issues that may require investigation depending on the user needs.  First, we included a wildfire and prescribed fire notice about incomplete older data. Second, whether it was due to error or actual occurrence, some fires said they were both a wildfire and prescribed fire. These records were flagged with a warning. Third, we flagged fires that overlapped each other within 1-2 years and had at least 10% overlap as, in some cases, it is unlikely that the fires really burned the same area in such a short time period. Finally, we also identified circle fires in the dataset. These were the result of someone buffering a fire point by the amount of acres burned. We used a circle calculation from 0 to 1 (click) where values near 0 are not circular at all and (click) values approaching 1 are very circular



Data Management Note - Limitations

• “Blobbing” can still occur

• Better polygons can be lost in subsequent tiers

• Two fires rarely overlap within the same year

• Attribute combination can limit analysis

• Errors can be carried through from the original data

• Our assumptions can introduce new errors

• Data before 1984 is incomplete
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Every dataset has it’s limitations and best usage scenarios. Acknowledging those limitations helps prevent misuse and gives your data more power when it is used. In general, and especially when it comes to fire, there is no one best dataset for every situation. Some of the limitations we encountered include: [read the list]



• 135,061 fire polygons

• 98,449 Wildfires
• 1835 – 2020

• 36,612 Prescribed Burns
• 1944 – 2020

The Combined Dataset

https://doi.org/10.
5066/P9ZXGFY3
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No let’s look at the dataset. In the end, our final, combined dataset contained more than 98,000 wildfires from 1835-2020 and more than 36,000 prescribed burns from 1944 - 2020. 



Mapping

https://doi.org/10.

5066/P9ZXGFY3
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Now let’s zoom into the west and show only wildfires. Just by looking at the data we can begin to see patterns in terms of what areas burn the most. We can also see where fires have burned in the past, with little recent fire activity. While just the final dataset provides valuable information, Michelle and I didn’t want to just provide users with a dataset. Fire is an extremely complex issue as multiple fires can burn irregularly over the same area. We wanted to provide additional products to help users better explore the data.



Data Management Note - Products

Products in the release
• Merged wildland fire dataset
• Overlapping fires
• Circle flags
• Wildfire/Prescribed fire flags
• Summary rasters
• Complete metadata

Products utilizing the data
• Wildland Fire Trends Tool
• Land Treatment Exploration Tool
• Many more Example of the various polygon 

dataset formats users can download
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This brings me to my next note. Sometimes datasets are simple to understand and interpret. Many times they are not, and users often don’t have the knowledge base, tools, or time to really understand a dataset. This is especially true with fire where Michelle and I find some of our supplementary data is just as popular as our main data release. In addition to just the final dataset, (click) we include the original merged dataset with every single polygon (errors and all). In addition, we include a table that summarizes all overlapping fires, four tables that summarize some of our potential error flags by year or, and five summary rasters that show frequency of fire across the landscape. Every single dataset has a complete metadata record describing the data, its fields, limitations, and methodology for creating it. We also worked to make the dataset as usable as possible. In addition to download capabilities in a variety of formats, we also have feature and tile services allowing users to incorporate the data into tools, websites, and publications.



Summary Rasters

1. Count of all fires

2. Count of prescribed burns

3. Count of wildfires

4. First year a wildfire burned

5. Most recent year a wildfire 

burned
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I want to highlight three aspects from the product list. The first are the summary rasters. These are one of the most popular products we produce. These 30m rasters include (read the list). The goal with these rasters is to provide multiple ways to allow users to explore the fire data, with the hope that users to come away with a more complete picture of fire on the landscape.



Data Management Note - Metadata

• One of the most critical components of any dataset

• There are no shortcuts here

• Take your time and do it right

• Multiple software products to help you

• https://www.usgs.gov/data-management/metadata-creation

• USGS Metadata Wizard

• Multiple online products
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The second piece and the next note I want to highlight is metadata. This is one of the most critical and most often overlooked parts of any dataset. Michelle and I worked hard to ensure the metadata is complete and the USGS requires complete metadata for all it’s products. The reason is simple. How many times have you downloaded a dataset and have not been able to answer basic questions like who made it, what the field headers mean, or what units a field is in? It can drive anyone crazy. There are no shortcuts here, you just take your time and do it right. Fortunately, there are multiple products out there that can help you create and organize your metadata. The USGS has a whole site dedicated to metadata and provides a free software package to assist in metadata creation. The site also recommends multiple online packages. However you choose to do your metadata, the most important thing is to take your time and do it right.



The Wildland Fire Trends Tool

• https://geonarrative.us
gs.gov/wftt/

• Filter on 
• Time period
• Political or 

ecological 
boundaries

• Vegetation types
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The third and final piece I want to talk about is incorporating your data into other tools. The Wildland Fire Trends Tool allows users to filter on specific areas and vegetation types and explore fires and fire patterns specifically in their area and time period of interest. I won’t go into too much detail here, if your interested, you can access the tool online and explore it for yourselves. I do want to point out that even here, we aren’t shying away from the datasets limitations. The red arrow highlights the years where fire data are less complete and more uncertain. Making your data interactive and accessible is critical if you want your data to be used and valuable moving forward.



Data Management Note - Lessons

• Don’t be afraid to try
• Start somewhere

• Be willing to adapt
• Embrace change

• Solve one problem at a time
• Use scripts to create the data and 

check for error

• Never go it alone
• Identify and flag errors and 

inconsistencies
• Give stakeholders ownership
• Utilize the expertise of others
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Finally, I want to wrap up with lesson’s learned. First, don’t be afraid to try and just start somewhere. If you wait till you have the thing perfect before moving forward you will never get started. Countless projects have died while waiting for perfection. Just start building the thing. This is our 3rd iteration of the fire dataset. The first one looked nothing like the second one and the second one looks nothing like this one. Be willing to let your data management, scripting, and mindset grow and adapt with the needs of the data. (click) You don’t have to solve everything all at once, it can get overwhleming. Focus on fixing one issue, then move on to the next. (click) Use scripts whenever possible for creating, curating, and running quality control checks. An effective script is much more efficient and less prone to error than a human. Spend the time up front to ensure an effective script. That being said, never completely remove the human element. Our eyes are better at picking up weird patterns than a computer. (click). Next, never try to do something like this on your own. You get too close to the data and it becomes very easy to miss key details. (click) Speaking of issues, don’t try to hide or ignore them. All big datasets have errors in them, every single one. Acknowledging your dataset’s limitations and sources of error gives your dataset more power and allows users to better filter the data to suite their needs.  (click) Give stakeholders ownership in the data. Including them in the processes, listening to and incorporating their ideas when appropriate, makes it more likely your dataset will be used and recommended in the long run (click). I know this last one I said before, but it’s worth repeating. No one is an expert in everything, in fact no one is the sole expert on any one thing. If they are willing to give it, utilize the expertise of others to improve the dataset.



Questions and Discussion

Download the data –
https://doi.org/10.5066/P9ZXGFY3

Welty, J.L., and Jeffries, M.I., 2021, Combined wildfire datasets for the 
United States and certain territories, 1800s-Present: U.S. Geological 
Survey data release, https://doi.org/10.5066/P9ZXGFY3.

Justin Welty – jwelty@usgs.gov

Michelle Jeffries – mjeffries@usgs.gov
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Thank you for listening, you can download the latest release using the link here and contact Michelle or I if you want to follow up. If we still have time, I would be happy take any questions or thoughts you have.
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