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ABSTRACT 

 

As occurrence and intensity of wildfires in the United States increases, the need 

for a centralized fire perimeter dataset is crucial for ecosystem, fire and other 

disciplinary analyses. In late 2021, the Combined wildland fire datasets for the United 

States and certain territories, 1800s-Present was created by the USGS to fill the need 

for a single multi agency and year dataset. While this dataset improves the ease of 

obtaining wildfire data; errors and assumptions create inaccuracies in the dataset that 

hinders the usability of the data. In response, open-source python libraries are used to 

iterate over the data and correctly identify fire perimeters based on decision tree 

methodology, calculated by fire ecologists. This script successfully identifies smaller 

fires that would otherwise be grouped with larger focal fires. The final python script 

successfully identifies separate fire perimeters in the same calendar year, increasing 

the datasets accuracy and allowing smaller fires to be further analyzed. 

Keywords: Open-source, Python, Wildfire, Geopandas, Fire-perimeter, USGS
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ETHICS STATEMENT 

 

As technology advances and increased the amount of data and map producers, 

ethics must be taken into account in order to responsibly communicate using 

cartographic products. Maps and other cartographic and data visualizations can be 

easily be manipulated to mislead viewers. Data accuracy, data use intent, licensing and 

privacy issues should be taken into account when producing data or mapping products. 

It is important to acknowledge the validity of the data you are using so that viewers and 

other users can accurately synthesize the direction of you visualization. Users may 

assume that data is a hundred percent correct and valid. This is not always the case, 

and can lead to inaccurate results when working with your specific dataset. A GIS 

produced in a responsible way must be transparent in a way that is easy understand 

and is not misleading for the viewers. The map or visualization producer must know the 

intended audience to maintain that transparency as well as not intentionally lie or 

manipulate the data for an intended purpose.  

For this project, many ethical decisions had to be taken in to account when 

producing and planning the final script and paper. The data used from the Combined 

Wildfire USGS data does have inaccuracies from a wide variety of causes. Not only did 

these inaccuracies cause problems when trying to accurately create the Python script, 

but can also cause issues for users when trying to use this dataset for further analyses. 

When the new dataset is produced, it is important to note these inaccuracies so that the 

viewer can take them into account during their data use. Licensing also a critical 

component, especially when working with open-source libraries. It is important to 

understand the details and intent of use that is outlined in each specific package. 
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CHAPTER 1 
INTRODUCTION 

In the end of 2021, the USGS from the Forest and Rangeland Ecosystem Center 

released one of the most comprehensive fire perimeter datasets for the United States 

(USGS, 2021). This dataset was comprised of over forty local, state, federal and other 

agency fire perimeter datasets. Providing data from 1835-2020, this dataset contains 

over 524,000 different fire perimeter polygons. While this dataset is a great 

comprehensive resource for fire perimeter data, the methods used to create the dataset 

produce inaccuracies, especially with fires close together in the same calendar year. 

Fires that are in the same year and are in the same proximity of each other are often 

dissolved into the larger fire. Because of the complexity and overall size of the dataset, 

this method is viable but poses risk to create inflated burned area metrics in the data as 

well as eliminate fire perimeters all together. These inaccuracies in the data decrease 

the usability of the dataset for users, especially those looking at smaller fires in the 

same year and proximity as a larger burned area. 

Numerous studies have been conducted to advocate the importance of accurate 

fire perimeter data as well as the importance of analyzing smaller fires that take place 

before or after a larger fire. In 2007, Crystal A. Kolden conducted a study overviewing 

the inaccuracies that occur in fire perimeter datasets when using manual methods (main 

type used before 2010) to map total fire perimeters. Areas were found to be entered 

incorrectly due to human error and nature of changing fire regimes, leading to inflated 

burned area metrics and inaccurate data attached to each fire perimeter (Kolden, C.A, 

2007). Another study conducted by Jay Diffendorfer, in 2012 researched why mapping 

fire perimeters is important for monitoring post-fire recovery as well as ecological effects 
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on wildlife populations. This article explains why a fire perimeter dataset is needed as 

well as the importance of accuracy in this dataset is for fire and wildlife management 

decisions (Diffendorfer, Jay 2012). 

With a need for an accurate comprehensive fire perimeter dataset, Python can 

be used to efficiently identify separate fire perimeter polygons. While Arcpy (ArcGIS 

Python methodology) could have been used, open-source libraries provide a low-cost 

alternative that allows for more data manipulation without the need for a costly license in 

the future (Duarte, Leia 2022).  

Open-source refers to software that is publicly accessible, and anyone can share 

or edit. This allows for anyone to edit the script created in this project for their specific 

case without the need for expensive software licenses such as ArcGIS. Open-source 

software gives everyone the opportunity to implement GIS and other spatial data 

manipulation into their research. (Duarte, Leia 2021) 

The purpose of this project is to create a Python script using open-source GIS 

libraries. The script will successfully identify smaller fires in the same calendar year that 

would otherwise be grouped and dissolved into a larger fire using a decision tree 

methodology.   
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CHAPTER 2 
METHODS AND DATA 

Study Area 

While the data for this project covers the entire United States, and the methods 

will eventually be used throughout, the study area covers two fire complexes (Figure 2-

1). The first study area used is the Soda Fire Complex of 2015 and the second is the 

Bruneau/Cat Fire Complex of 2018. The Soda Fire Complex area is located in 

Southwest Idaho and covers the recorded fires of 2015 from the Boise area in the north 

to the Owyhee mountains in the south. The fire covers 334,980 acres and burned for 

almost three weeks before containment (IDL, 2015). The Bruneau/Cat Fire Complex of 

2018 is located Southwest of Twin Falls, Idaho and extends just past the Nevada 

border. This fire covers 1,241,008 acres and burned for a week before containment 

(BLM, 2018).  
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Figure 2-1: Soda Fire Complex and the Bruneau/Cat Complex study areas. (Credit: 
Dallin Jones,2022) 

 

Data 

This study includes the use of three different datasets, fire perimeter polygons, 

fire ignition points and state boundaries. The USGS Combined Wildfire dataset for the 
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United States and certain territories, 1800s-present, contains the fire perimeter polygon 

data. The USDA Spatial Wildfire Occurrence Dataset for the United States, 1992-2018 

contains the fire ignition point data. The state boundary data is provided by the U.S 

Census Bureau. 

Fire Perimeter Data 

As the main driver for this study, the USGS Combined Wildfire Dataset was 

produced by the USGS Forest and Rangeland Ecosystem Science Center (Table 2-1). 

This dataset was produced with the collaboration of multiple agencies and in 

combination of forty different wildfire layers. Each fire was collected differently either 

from satellite data, plane, or manual entry from a GPS. This dataset contains three 

layers, the merged layer, combined layer and the raster layer. The merged dataset is 

the main focus of this project and is the raw, unchanged layers combined from the inter-

agency data collection of wildland fires. The combined dataset currently assumes all fire 

polygons in the same area (within 500m) and year are part of the same fire polygon. 

The combined dataset was then converted to a 30m raster representing various 

summary counts: (a) count of all wildland fires that burned a pixel, (b) count of wildfires 

that burned a pixel, (c) the first year a wildfire burned a pixel, (d) the most recent year a 

wildfire burned a pixel, and (e) count of prescribed fires that burned a pixel (Welty, 

Justin 2021).  
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Figure 2-2: Data types used for analysis. The top map is visualizing the fire perimeter data, 
while the bottom map is the fire ignition data. (Credit: Dallin Jones, 2022) 
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Table 2-1. Metadata for fire perimeter data 

Fire Ignition Points 

A dataset that can be useful to determine separate fire polygons is the USDA 

Spatial Wildfire occurrence dataset (Figure 2-2). This dataset shows the starting or 

ignition points for each fire recorded by the USDA from 1998-2019.This data was 

acquired from local, state and federal fire reporting organizations (Short, Karen 2022). 

While this dataset does not cover the same time frame as the USGS fire perimeter 

dataset, it provides a well-established parameter that can be used on recent fires. 

Table 2-2. Metadata for fire ignition points dataset 

  
Official Name of Dataset 
 

USGS combined wildfire dataset for the United States and 
certain territories, 1800s-present 

Year of Publication 2021 
Author and/ or Owner USGS 
URL https://data.usgs.gov/datacatalog/data/ 

USGS:61707c2ad34ea36449a6b066 
Description Fire perimeter data 
Coordinate System Albers Equal Area 
Projection System North_American_EQUAL_AREA_CONIC 
Spatial Resolution N/A 
ESPG Code 102008 
Geometry Type Polygon 
  
  
  

  
Official Name of Dataset 
 

Spatial wildfire occurrence data for the 
United States, 1992-2018 

Year of Publication 2021 
Author and/ or Owner USDA 
URL https://www.fs.usda.gov/rds/archive/ Catalog/RDS-2013-

0009.5 
Description Fire ignition point data for the United States 
Coordinate System GCS NAD 1983 
Spatial Resolution N/A 
ESPG Code 4269 
Geometry Type Point 
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States Boundary Data 

The state boundary dataset (Table 2-3) was used to clip the other datasets to 

state boundaries for faster processing in the last stages of the project. The dataset was 

created by the U.S Census Bureau and includes boundary shapefiles for the United 

States as well as other population metrics. The TIGER/Line dataset was updated in 

2017 and collected from the U.S census GIS data portal (U.S Census Bureau). 

Visualization of the state boundaries can be seen in the insets of Figure 2-1 state 

boundaries. 

Table 2-3. Metadata for state boundaries dataset 

 

Methodology 

When the combined wildfire dataset was created through coding techniques in 

2021, the USGS sorted each fire by tier and fire size so that larger fires are iterated 

through first. Parameters were then added to select all fires within 500m of the focal fire. 

All fires outside of the 500m boundary or in a different tier are not considered part of the 

focal fire. While this method was efficient, it failed to account for smaller fires that 

happened in the same region as a larger fire complex. 

  
Official Name of Dataset 
 

TIGER/Line State Boundary File 
 

Year of Publication 2017 
Author and/ or Owner U.S Census Bureau 
URL https://catalog.data.gov/dataset/tiger-line-shapefile-2017 
Description United States state boundary data 
Coordinate System GCS NAD 1983 
Spatial Resolution N/A 
ESPG Code 4269 
Geometry Type Polyline 
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In order to successfully identify separate fire perimeters, the fire perimeter data 

polygons were iterated through, cross referenced, and subjected to simple spatial 

analyses. To do this manually for every polygon included in the dataset, it would take 

hundreds if not thousands of hours of computing. To make processing more efficient, 

Python was used for automation. Geospatial packages such as Geopandas 0.10.2 

allowed for easy geospatial data manipulation, spatial operations, coordinate systems 

management and geometric operations (Geopandas, 2021). To complete the final 

script, this projects workflow includes AOI selection and data preprocessing, decision 

tree parameter selection, Python env and setup, code creation, AOI code testing, 

ArcGIS workflow and accuracy and finally code integration and dataset creation. 

While the goal of this project is to create a new dataset for the entire United     

States from the 1800’s to present, it is not efficient to test this new decision tree 

methodology on the entire dataset.  To encompass errors that each fire year and area 

will face, the two fire AOIs were chosen for their complexity and variety of polygon 

overlap.  

Each fire perimeter AOI and polygon within was put through a decision tree 

method (Figure 2-4) to determine its level of distinctness from the focal fire in the area. 

The decision tree method was determine based on collaboration with wildfire perimeter 

experts from the USGS and other agencies requests. Polygons were then split into two 

decision paths, perimeters that overlap the focal fire and perimeters that are 

independent from the focal fire. From there, each polygon went through similar cross-

referencing of attributes, matching ignition points and either dissolved into the focal fire, 
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determined as a separate distinct fire or was labeled as inconclusive and flagged for 

further analysis. 

Once each AOI has been successfully ran through the decision tree code, the 

workflow was then repeated in ArcGIS Pro to be later used for an accuracy assessment. 

With an ArcGIS Pro workflow completed as well as a successful accuracy assessment, 

the decision tree code can be integrated into the current USGS code. Once the code 

has been integrated, it can be run throughout the entire Combined Wildfire Dataset.  

Figure 2-3: Project Workflow. (Dallin Jones, 2022) 

 

Preprocessing the Datasets 

To select appropriate AOIs for successful testing, the two AOI’s were chosen 

based on the complexity of polygons in each AOI as well as the size of the largest focal 

fire. Areas were also chosen that contain polygons with multiple types of overlap in 

order to test the code with a variety of perimeter overlap scenarios. Each dataset 
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mentioned in the data section was collected, extracted and properly filtered for further 

analysis. Each dataset was downloaded from their respective URLs mentioned in the 

datasets metadata and then extracted using 7-Zip 21.07 from https://www.7-zip.org/. 

For testing of the two study areas, the fire perimeter dataset was imported into ArcGIS 

Pro 2.8.4 to be filtered by appropriate years and areas of the Soda and Bruneau/ Cat 

fire area of interest (AOI). To extract the fire polygons by appropriate year from the fire 

perimeter dataset, the select by attribute tool was used, selecting the FIRE YEAR 

attribute and calling a SQL query of FIRE YEAR = 2015 (or 2018 for the Bruneau/ Cat 

fire area). Once the shapefiles were filtered by appropriate year, select by location tool 

was used. Any polygon within a fifty-mile radius was then selected and used as the fires 

AOI. For the ignition point data, it was also filtered by year based on the AOI using the 

same methods mentioned for the fire perimeter data. No further preprocessing methods 

were needed for the state boundary dataset. 

Decision Tree Parameters Selection 

In order to correctly choose the methodology of the decision tree, extensive 

research of fire regimes, wildfire/spot-fire behavior, and other pertinent information 

related to this project was conducted. Luckily to obtain this knowledge and expertise, 

collaboration meetings were held with the Forest and Rangeland Ecosystem Analysts, 

the Missoula Fire Center, Boise State University and other experts from the USGS and 

USDA. These meetings helped to determine viable parameters for the decision tree. 

Once the parameters had been finalized, the decision tree was written out and 

visualized in Microsoft PowerPoint (Figure 2-4) 

 

https://www.7-zip.org/
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Python Environment Set-up  

To be able to apply this methodology to the entire dataset, Python was needed to 

iterate over the thousands of data entries. Python 3.7.11 for windows was downloaded 

from https://www.python.org/downloads/. To easily download and manage the different 

Python packages for this project, an Anaconda environment was used. To set up the 

environment, Anaconda Navigator Individual Edition 2.1.1 was downloaded from 

https://www.anaconda.com/products/individual.  

Once the Anaconda(conda) environment was created in navigator, the Python 

integrated development environment (IDE) was downloaded. For this study, Spyder 

5.1.5 was used for its ease of file management, debugging interface and plot 

visualization. With Python, Anaconda and the IDE downloaded, Python libraries were 

then downloaded in the environment terminal. Geopandas 0.9.0 and Pandas 1.3.5 were 

mainly used for handling the spatial data. Shapely 1.7.1 was used for polygon 

manipulation and Matplotlib 3.1.3 for data visualization. Once these libraries have been 

imported, the datasets were set up to be manipulated by the Python code and its 

imported libraries. Each dataset was brought in by Geopandas into a geodataframe. A 

geodataframe is a Pandas dataframe(2D data structure that has columns and rows) 

with a geometry column that contains the polygons spatial data. The Fire Name attribute 

was also changed for each fire polygon to all uppercase, so that it can be further 

processed without entry error. The geodataframe was then iterated through using a for 

loop, selecting the largest fire first to be the focal fire.  

Decision Tree Code Creation 

With the Python env, IDE and appropriate libraries setup the decision tree 

visualized in Powerpoint can be transformed to working Python code. The decision tree 

https://www.anaconda.com/products/individual
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was broken up into two different branches, polygons that overlapped the focal fire and 

those that did not.  

Polygon Overlap 

Once the Anaconda environment was set up and the datasets preprocessed, the 

first polygon extraction was completed. By using a for loop to extract each polygon row 

at time, each potential fire was inputted in the Geopandas intersects tool against the 

focal polygon. The output of the intersects tool was a Boolean that indicated whether 

that particular polygon intersected with the focal fire polygon. If the polygon did not have 

an intersection, then it was added to a temporary geodatabase for further analysis in the 

low/no fire perimeter overlap branch. If the fire polygon did intersect with the focal fire 

polygon, then it was put into the overlap geodatabase for the high fire perimeter overlap 

branch. 
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Overlap Branch 

With all overlapping polygons being added to the overlapping geodataframe, 

several comparisons were made to determine if the fire perimeter was a duplicate due 

to agency entry error, or a separate distinct fire (Figure 2-4).  

Figure 2-4: Overlapping Polygons Branch. (Dallin Jones, 2022) 
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Acreage Comparison 

Each non-focal fires acreage was then compared to the focal fire’s acreage. This 

was done using an if statement in the acreage comparison function. If the non-focal 

polygon acreage was less than 75% of the focal fires, then it was put in another 

geodataframe for further analysis. If the polygons acreage was greater than or equal to 

75%, then it was likely a duplicate of the focal fire due to entry error or differences in 

agency recording. If the polygon was determined to be a duplicate it was then dissolved 

into the focal fire using the Geopandas dissolve function.  

Ignition Point Comparison 

Once duplicates of the focal fire were dissolved, the USDA fire ignition points 

dataset was used to determine if the non-focal polygon has a unique ignition point 

compared to the focal fire. To check this, the Geopandas intersection function was used 

in a for loop to compare each non-focal fire to the focal fire. If the non-focal polygon had 

a unique ignition point, it was added to the final geodataframe as a distinct fire polygon. 

If the polygon did not have a unique fire ignition point, then it was put into another 

geodataframe for further comparison analyses. 

Attribute Comparison 

After ignition points had been intersected, the remaining fire perimeters attributes 

were compared to the focal fire’s attributes. While not all attributes are relevant in the 

determination of distinct polygons, these three attributes were compared based on 

relevance; Fire Type, Fire Name, and Fire Code. If two or more of these attributes differ 

from the focal fires, they were added to the final geodataframe as a distinct fire. If the 

non-focal fire did not have two or more unique attributes from the focal fire, then it was 

likely not a distinct fire polygon. If the attributes were empty and therefore inconclusive, 
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the polygon was kept as part of the focal fire. In these cases, the fires with non-unique 

or inconclusive attribute comparison were dissolved into the focal fire using the same 

methodology as previous analyses.  

Ignition Point Comparison for Polygons with Minimal Overlap 

Polygons that overlap the focal fire but less by less than 75 percent are put in to 

the minimal overlap sub-branch (Figure 2-5). Smaller fires that slightly overlap the focal 

fire is referenced with the ignition point data using the Geopandas intersection function. 

If these non-focal fires do contain an ignition point, they are put into the final 

geodatabase as a distinct fire perimeter polygon. If the non-focal fire does not contain 

an ignition point, they are put into another geodatabase for further comparisons. 

Attribute Comparison for Polygons with Minimal Overlap 

For non-focal fires that do not have any intersecting fire ignition points, attribute 

comparison is made. Similar to in the first branch, the Fire Type, Fire Name and Fire 

Code attributes were compared between the focal and non-focal fires. If two or more of 

these attributes differ from the focal fires, they are added to the final geodataframe as a 

distinct fire. If the non-focal fire does not have two or more unique attributes from the 

focal fire, then it is likely not a distinct fire polygon and dissolved into the focal fire. If the 

attributes are inconclusive and missing entries, the non-focal polygon is kept as part of 

the focal fire. 
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Figure 2-5: Minimal Overlap Sub-Branch. (Dallin Jones, 2022) 

 

Non-Overlapping Branch 

If the fire perimeter polygons do not overlap the focal fire they are added to the 

non-overlapping geodatabase. By comparing to the focal fire as well as other surround 

fires, this branch determines if the fire should be included in the focal fire, a distinct fire 
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or a duplicate of a distinct fire. After completion of this branch all polygons in the area 

should have either been dissolved into a focal/ distinct fire or designated as a distinct 

fire (Figure 2-6). 

Attribute Availability for Polygons with No Overlap 

Non-focal fire polygons that do not overlap attributes are then compared to the 

focal-fires. If the non-focal attributes of interest (Fire Name, Fire Type and Fire Code) 

are null or empty then the fire is determined to not have enough information to include in 

the focal fire. This non-focal fire is then flagged to indicate that it is close to the focal fire 

in the same year but does not contain enough information to include. In the Python code 

for loops are ran on each column of the geodataframe to determine if the attributes of 

intersect are null or empty. If they are, then they are added to the final geodatabase as 

a distinct polygon but flagged with another column that indicated its lack of information. 
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Figure 2-6: Non-overlapping Branch. (Dallin Jones, 2022) 

Ignition Point Comparison for Polygons with No Overlap 

Once a non-focal fire is determined to have enough attributes to compare, 

ignition points are refenced to the polygon, using the same workflow as previous 

branches. If the non-focal fire intersects with a unique ignition point, then it was put in to 

the final geodatabase as a distinct fire. If unique ignition point is found, then the non-

focal fire was added to a new geodatabase for further processing. 
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Attribute Comparison for Polygons with No Overlap 

For non-focal fires with no ignition points, there attributes of interest (Fire Name, 

Fire Type and Fire Code) were compared with the focal fires. Like previous branches, if 

the attributes match the attributes of the focal fire, then they were dissolved to be a part 

of the focal fire. If the non-focal fire had two or more unique attributes, the fire is placed 

in the final geodatabase as a distinct fire. At the end if this step, all fire polygons in the 

AOI were in the final geodatabase as the focal fire, distinct fire or distinct fire that has 

been flagged. The final geodatabase was then be converted to a shapefile using the to 

file Geopandas function.  

 

Accuracy Assessment and ArcGIS Workflow 

In order to access the accuracy of the python code functions, the same workflow 

was applied to another software. ArcGIS Pro was used for due to the ease of Model 

Builder (ESRI, 2022) functionality to replicate scenarios and different AOIs. Geopandas 

intersection tool in the overlap and ignition point comparisons was replaced by ESRI’s 

Intersect tool. Attribute comparison functions were replaced by using SQL queries in the 

Select by Attributes tool. The Geopandas dissolve tool was replaced by the ArcGIS Pro 

dissolve. Once all fires in the AOI have been determined, the final geodatabase 

polygons were compared to the output of the ArcGIS Pro workflow polygons. In a 

confusion matrix created in Microsoft Excel 2019, each polygon from the python and 

ArcGIS Pro workflow will be compared to check accuracy of the python code with the 

Model Builder workflow as the control.  
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Code Integration and Dataset Creation 

When the confusion matrix outputs an accuracy of at least 90%, the code was 

ready for further testing and integration into the USGS current code. Because the 

original code had been written using the ArcPy library for ArcGIS Pro, integration 

became more complex. Transferring to an opensource platform, much of the 

preprocessing steps for the dataset creation had to be rewritten. The Combined Wildfire 

Dataset was extracted by year as well as tier to be ran through the decision tree code. 

The FOD ignition point dataset was extracted by year as well. When this had been 

completed and checked for accuracy, the Python workflow can now be applied to the 

entire dataset. 

Assumptions 

Without ground truthing and extensive data accuracy assessments, multiple 

assumptions had to be made when preforming this analysis. First, we had to assume 

that the data entered into the datasets was accurate. There can be inaccuracies with 

how fire perimeter data is collected (Krystal, Golden 2010). It is also assumed that 

polygons with less than thirty percent overlap is a correct threshold for fires. With these 

assumptions data entry can be inaccurate and may skew results and create bias in 

some of the areas. 
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CHAPTER 3 
RESULTS/DISCUSSION 

Soda Fire Complex 

Python Code Workflow Results 

Figure 3-2 shows the results for the Soda Fire Complex after going through the  

python code workflow. Of the original 157 polygons present in the AOI before the 

python code workflow was implemented, 34 polygons remained after processing. Many 

of the polygons that were present before processing were duplicate polygons of the 

fires. This was especially true for the main Soda Fire; 21 different polygons alone were 

dissolved to make up this polygon.  

 Figure 3-1 Soda Fire Polygons before and after going through the python code 
workflow. (Dallin Jones, 2022) 

 

 
ArcGIS Pro Workflow Results 

While the ArcGIS Pro workflow was able to pull out more polygons than the 

python code workflow, significantly more processing time took place to extract separate 

fire polygons. 37 polygons were pulled out compared to the python code of 35 (Figure 
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3-2). Areas overlapping the focal polygon were able to more easily be identified as 

separate fires compared to the complexity in the python code workflow. This was 

especially true for the Givens fire, which overlaps the Soda Fire in the central-eastern 

region of the Soda Fire. In the python workflow it was dissolved into the larger Soda 

Fire, while in the ArcGIS Pro workflow it is labeled as a separate fire polygon. 

Figure 3-2: Soda Fire Complex after going through the ArcGIS Pro workflow. (Dallin 
Jones, 2022) 
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Accuracy Assessment 

With the ArcGIS Pro workflow identifying two more separate fire polygons, the 

accuracy of the python code workflow was about 95%. The python code dissolved 22 

more polygons, into the focal fire at 122 polygons. The ArcGIS Pro workflow dissolved 

1220 polygons. The python code workflow outputted 35 distinct polygons while the 

ArcGIS Pro workflow had 37 distinct polygons. At an acceptable percent of error, the 

python code workflow was then used for the second AOI to check for accuracy as well. 

Table 3-1. Confusion matrix for Accuracy Assessment  
Method Dissolved Polygons Distinct Polygons 
Soda Fire Complex 
Python Workflow 

 
122 

 
35 

ArcGIS Pro Workflow 120 37 
 
 
 
Bruneau/CAT Fire Complex 

Accuracy (distinct 
python/distinct ArcGIS pro 
*100) 

 

94.5946 

Python Workflow 51 8 
ArcGIS Pro Workflow 51 8 
 Accuracy (distinct 

python/distinct ArcGIS pro 
*100) 

100 

   
   

 
 

Bruneau/Cat Fire Complex 

Python Code Workflow Results 

Figure 3-3 shows the results of the Bruneau/Cat Fire Complex after going 

through the python code workflow. Of the original 59 fire polygons in this AOI, 8 distinct 

fires were identified from the script. Most of the polygons included in the original dataset 

for this AOI were the result of duplicate polygons for the Bruneau and Cat fires. 22 of 

the original fires were dissolved into the two Cat and Bruneau fires.  
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Figure 3-3: Bruneau/Cat Fire Complex after running through the python code workflow. 
(Dallin Jones, 2022) 

ArcGIS Pro Workflow Results 

The ArcGIS Pro workflow (Figure 3-4) was able to dissolve the 59 original 

polygons in this AOI to 8 distinct fire polygons.  This area had fewer complex fires then 

the Soda fire complex. One area of concern was the distinction between the Cat and 

Bruneau fires. This area is cut off at a canyon, making two distinct fires. 



 

35 

 Figure 3-4: Bruneau/Cat Fire Complex after running through the ArcGIS Pro Workflow. 
(Dallin Jones, 20222) 

Accuracy Assessment 

The confusion matrix in Table 3-2 shows that each method produced the same 

results with an accuracy of 100%. The python code and ArcGIS Pro workflows 

dissolved 51 polygons and identified 8 distinct polygons. With both AOIs at an 
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acceptable percent of error of 94 and 100 percent respectively, the python code 

workflow was then used on the larger state AOIs to check for accuracy. 

 

Discussion 

 While the ArcGIS Pro workflow had slightly better results, using this workflow is 

not feasible for the largescale dataset. With thousands of records over the span of over 

a hundred years, going through each complex and preforming each analysis in ArcGIS 

Pro would take an enormous amount of time. With the python code workflow, it allows 

the entire dataset to be iterated through and processed in a much shorter time span. 

The python code also allows you to change parameters easily with a line or two of code 

if more information about fire ecology becomes available. This will pave the way for the 

dataset to be more scientifically accurate as well as the ability to implement new 

parameters for identifying separate fire perimeters.  

With the python code workflow still getting over 94% accuracy compared to the 

ArcGIS Pro workflow, the methodology can now be applied to entire state AOIs and 

eventually the entire dataset. With this implementation, the USGS Combined Wildfire 

Dataset will now be more accurate, especially when looking at small fires that occurred 

near large fires in the same year. This will allow more accurate analysis of fires and 

increases study areas for researchers in fire and wildlife ecology as it pertains to wildfire 

perimeters.  

While this implantation of the python code is an improvement to the original 

methods, inaccuracies are still going to happen. For example, the Givens fire in the 

Soda Fire Complex is getting dissolved as the main focal Soda fire. As impressive 

python code manipulation can be, it can only be as accurate as the data it is given. With 
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multiple agencies potentially recording different entries for the same polygons, issues 

can arise. Human entry error can also cause problems, misspelling and lack of data can 

cause fires that should be distinct to get dissolved into focal fires. The ignition point data 

also proves to have issues with inaccurate entries as well as the dataset only spanning 

a portion of the USGS dataset.  As QA/QC measures improve however, entries in the 

future will continue to get more accurate, in turn improving the quality of the USGS 

dataset. 

CHAPTER 4 
CONCLUSION 

 
As fire intensity and occurrence increases throughout the United States due to 

climate change, urbanization and other factors; accurate recording of historical fire 

perimeters is paramount to accurate studies for ecological and forestry applications. 

The Combined Fire Dataset built in 2021, created a massive resource for historical fire 

perimeter data. While a step in the right direction, this code builds on the vison of the 

USGS to create a more accurate fire perimeter dataset. Through open-source Python 

libraries this project was able to choose useful AOIs for testing and preprocess the 

dataset to get it ready for analysis. Through collaboration of subject matter experts, 

parameters for the decision tree were created. Once the decision tree had been 

finalized the Python env, IDE and open-source libraries were setup and the code was 

created and tested on the selected AOIs. After running the decision-tree script the fire-

perimeter count was reduced from 157 polygons to 34 distinct fires in the Soda Fire AOI 

and 59 polygons to 8 in the Bruneau/CAT AOI. To check the accuracy of the Python 

workflow, the results were compared to a similar ArcGIS Pro workflow and ran through 

an accuracy assessment. The decision tree script had only deviated from the control by 
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two polygons but maintained an accuracy of about 95 percent. With this project having 

an emphasis on open-source methodologies, the original USGS ArcPy code was 

changed to integrate with the decision tree script. Once integration was completed, the 

new and improved dataset can be created. This completed script successfully increased 

the accuracy of the Combined Wildfire Dataset, especially with small fires next to larger 

fires in the same calendar year.  

The USGS will use this script to create a new Combined Wildfire Dataset. Due to 

the large amount of data entries from the 1800’s to now this script will be run through a 

supercomputer at the Forest and Rangeland Ecosystem Science Center in Boise, 

Idaho. The completed polygon layer will then be run through a separate script not a part 

of this project and rasterized for different analyses and visualizations. 

If this project were to be repeated again special attention would be needed to 

efficiently change ArcPy code to open-source code. With the current update of ArcGIS 

Pro, its python packages do not support Fiona, a dependency of Geopandas. This 

dependency is critical to reading shapefiles and makes seamless integration with ArcPy 

impossible a this time.  

Throughout this project I have gained knowledge through experts on wildfire 

ecology as well as advanced experience with Geopandas, pandas and ArcPy. Future in 

this field is always changing and the decision tree parameters can easily be changed if 

supporting research dictates. Training for field collectors would also prove valuable for 

agencies that are entering the fire perimeter data. Training would ensure improvements 

and quality control in the entry of fire perimeter data. The code created can also be 

optimized for maximum efficiency. As data collection practices, data quality and wildfire 
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research quality increases, this dataset will continue to improve to help wildfire, wildlife 

and forestry ecology applications.  
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APPENDIX 

Completed Python Script 

Github Repository: 

https://github.com/dallinjones14/USGS_Decision_Tree/tree/main/Github/scripts 

 

https://github.com/dallinjones14/USGS_Decision_Tree/tree/main/Github/scripts
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