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Abstract
Wildfires, also known as bush or forest fires, pose significant threats to land cover, wildlife,
humans, and property due to their rapid spread and difficulty in containment. This study explores the
correlation between terrain and wildfire characteristics in respective areas. By analyzing terrain based on
average elevation and average angle of slope, while also considering variables like wind speed and
temperature, then studying the terrain’s effects on wildfires by first characterizing wildfires in terms of
surface reflectance, spread, and landcover changes, the data may then be used to find underlying
correlations. The research then contributes to identifying patterns that can aid in developing improved
wildfire prevention methods. Data sets from LCMS, ArcGIS, Google Earth Engine, Earth Explorer by
USGS, NOAA Climate.gov, NCEI NOAA, GLOBE Observer, and Cal Fire were used for the study. The
most significant correlation found was between surface reflectance and terrain. Future studies should
include additional variables like humidity and human activities to better assess the effects of topography
on wildfires.
Research Question
Our research study focused on determining how terrain affects the characteristics of wildfires in
California. We characterized wildfires based on surface reflectance, area, timespan, and landcover
observations. Our study takes into account confounding variables that are not directly related to terrain
but may still affect the spread of wildfires, such as wind speed and average temperature. We focused our
study on wildfires in California to conduct a more comprehensive data analysis for our report. This study
focuses on climate and earth science and is important because it can help save money from fire prevention
and save lives. We will collect all of our data onto an easily analyzable format, then graph the results to
show between which variables there was a considerable correlation. The specific question we used in this
study was: How does terrain and ecological elements relate to the spread of wildfires?
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Introduction
Wildfires are one of the most prominent natural disasters throughout the world as they can cause
property destruction, end lives, and cost millions of dollars to extinguish. The spread of wildfires can
affect how much property a wildfire destroys and how many lives are lost, so it is imperative that we
understand as many components relating to this crucial detail as possible.
Once enough data about characterizing wildfires can be analyzed then we could train an AI model
to predict possible pathways and characteristics of wildfires. When properly implemented this model
could save thousands of lives and millions of dollars annually in property destruction and fire control
costs. This data is relevant to all wildfire prone areas, focusing specifically on California.
Our Goal
Our goal is to find the correlation between terrain and the characteristics of wildfires to aid in the
development of further fire prevention methods. By analyzing how terrain affects the spread of wildfires,
our group aims to collect data that can aid in predicting the pathways, severity, and growth of wildfires.
The correlations found in our data help us better understand wildfires as a whole and the role terrain can
play.
Background Research
In 2022, the United States experienced a particularly devastating wildfire season, with 66,255
wildfires reported (NIFC, 2022). These fires scorched a staggering 7,534,403 acres of land, resulting in
widespread destruction of natural habitats and critical ecosystems (Bishop, 2023). The destruction of
critical ecosystems disrupts natural processes, impacting the balance of plant and animal species and
hindering ecological recovery. The flames not only endangered wildlife but also forced thousands of
residents to evacuate their homes, highlighting the direct threat wildfires pose to human lives and
property. The immense magnitude of the wildfires posed significant challenges for firefighting teams,
who tirelessly labored day and night to contain the fires and safeguard vulnerable communities. Not all
3


4
wildfires are created equal, though. The effects of wildfires can vary considerably depending on the
location, wind speed, and terrain.
California is one of the most wildfire-prone states in the US. However, the extent of fire spread in
this state varies greatly, ranging from just one acre to over acres. This variation is influenced by a number
of factors, including the including terrain (Pelletier, 2014). The study aims to determine the specific
effects that terrain causes, as it can greatly impact the speed and direction of a wildfire. California is the
primary focus of this study due to the state's distinctive topography, which includes varying elevations,
canyons, and angles of slopes that have a significant influence on fire behavior. Steep terrain can act as
channels for fire propagation, accelerating its spread and making firefighting efforts even more
challenging. In contrast, flat terrains may provide some relief in controlling fires, enabling firefighting
teams to establish strategic containment lines.
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Materials
This research was completed using online datasets and softwares including LCMS, ArcGIS,
Google Earth Engine, Earth Explorer by USGS, NOAA Climate.gov, GLOBE Observer, NCEI NOAA,
and Cal Fire. The GLOBE Observer data was measured using cellular devices; the other remote sensing
databases were measured using satellite data such as Terra MODIS, Landsat 8, and Landsat 7.
5


6
Research Methods
This study focused on compiling data from multiple open source databases to then provide deep
analysis over the relationships between data gathered.
Data Sets Used
Data sets from LCMS, ArcGIS, Google Earth Engine, Earth Explorer by USGS, NOAA
Climate.gov, NCEI NOAA, and Cal Fire were used for the study. The USGS Earth Explorer visually
identified wildfire-induced terrain changes. The Google Earth Engine measured Aspect, average angle of
slope, and terrain aspect, obtaining surface reflectance data through a dedicated application. For
satellite-based land cover assessment, the LCMS dataset was used. Overlapping GLOBE Observer Land
Cover Observations from the past three years with ArcGIS software helped identify relevant GLOBE
Landcover observations for characterizing wildfire effects. Temperature measurements from NOAA
Climate.gov and average wind speeds from NCEI NOAA were incorporated. Comprehensive wildfire
details, including coordinates, area, and impact, were sourced from the CalFire database.
Study Site
The study site of this research was California. California was used in this study due its dry
mediterranean climate being perfect for fostering the conditions for raging wildfires (California Gov,
2023). California also has a combination of monotonous and flat terrain making it the perfect study area
for how features like angle of slope and aspect affect the spread of wildfires.
Temperature
Temperature information was gathered from the NOAA National Center for Environmental
Information Daily Summaries. The coordinates of the fire origin were entered, and the temperature from
each month of the fire was produced. From there, each month was averaged and compared to the average
from before the fire to identify any differences.
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Wind Speed
Wind speed information was gathered from NOAA U.S Wind Climatology in average monthly
speed. For each wildfire, an average of the previous month of the event for the previous and then
averaged the months during the fire to get the average wind speed.
Terrain Data
Terrain data was collected using the Google Earth Engine code editor. Four coordinates were
inputted as each corner of the area, where the software then calculated the average value per category,
those being angle of slope, elevation, and aspect. The angle of slope was calculated in degrees, and it was
noted that each area had a positive angle of slope for the spread of wildfires with the average being 11.449
degrees. The aspect was collected in a similar manner, but instead of numerical values, maps were
produced. By comparing each of the images, the team determined that the topography of each area has
strikingly similar characteristics. Some of the features include large bodies of water halting the spread of
fire, dense forest cover, and high elevation.
Creek Fire Satellite Aspect Image, August 27, 2023. Extracted from Google Earth Engine.
Dixie Fire Satellite Aspect Image, August 27, 2023. Extracted from Google Earth Engine.
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Wildfire Characterisation Data
Surface Reflectance
Changes in light reflection from vegetation is one way to measure the severity of a fire. The
larger the change, the more severely the vegetation was burnt. We extracted our surface reflectance data
from the LCMS data explorer by adding in the fire perimeters and dates for each fire. The surface
reflectance was characterized by the Normalized Burn Ratio (NBR).
Area, Coordinates, Timespane
We got our calculations for the area covered directly from the CalFire dataset. We converted the
data points we got from the CalFire database from acres to km^2. We also got our coordinate and
timespan measurements from the CalFire database.
GLOBE Land Cover Observations
Land Cover Observations were obtained from the GLOBE SEES Data from the years 2018-2023.
The data was then put into ArcGIS for easier analysis, along with the fire perimeters of each wildfire
(extracted from ArcGIS) and imagery from Open Street Maps. We used the Landcover protocol in
GLOBE Observer. From there, each point was submitted to ArcGIS which generated the burn perimeter
of the selected fires. Compared to the other
chosen fires, the Dixie Fire had a
significantly higher concentration of
landcover images. These images revealed
more specific data on the perimeter of the
fire and offered evidence of irregular burn
patterns which helped indicate the behavior and spread. By examining the terrain in a location before and
after the fire, it makes it possible to assess the fire severity by observing damage to ground vegetation,
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trees, and wildlife. We took some of our most significant observations and added them to table 4 below,
along with a description of key features.
Is the data presented sufficient to answer the research question(s)?
Although the data above is sufficient to provide a preliminary answer to the research question,
additional variables can be included to provide a more comprehensive review of the topic.
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Analysis of Data
Wind Speed of California Wildfires as an Product of Number of Days Occurred
This graph demonstrates the correlation between the number of days a wildfire occurred as a
product of average wind speed of that respective area during the wildfire. The number of days a wildfire
occurred was taken from the CalFire database, and the average miles per hour was taken from the NOAA
U.S Wind Climatology. The r-value for this graph was -0.7879 which shows a strong, negative
correlation. The r^2 value for this dataset is .6209 which shows that wind speed explains 62.09% of the
variance in the number of days a wildfire occurred.
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Area of California Wildfires as an Product of Average Angle of Slope of Terrain
This graph demonstrates the relationship between areas covered by a wildfire as a product of the
average angle of slope of the corresponding terrain. The r value for the graph was -0.32 which means that
this data set has a weak, negative correlation. The r^2 value for the data was 0.1069 meaning that the
Angle of Slope can explain 10.69% of the variance in the area covered by wildfires. The slope values
were extracted from the Google Earth Engine. The area values were determined from the CalFire
database.
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Change in Surface Reflectance as a Product of Slope
Graph 4 above shows the change of surface reflectance as a product of angle of slope.
The r-value for this data set is 0.4799 meaning it has a strong positive correlation. The r^2 value
is 0.2303 which shows that the angle of slope explains 23.03% of the variance in the change in
surface reflectance during a wildfire. The angle of slope was measured using the google earth
engine and the surface reflectance was measured from the LCMS data explorer.
Other Data Sets
Although our study also analyzed aspect, elevation, and temperature, no significant correlations
were able to be found, so no other graphs are depicted.
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GLOBE Observer Land Cover Observations
The Land Cover Observations above show that roads, which are key features in the terrain of an
area, can act as barriers to prevent the spread of wildfires. Also, water can reduce the burning effects of
wildfires as proven by the image from the North Complex Fire. Another key observation that could be
made from the GLOBE Observer landcover observations above is the drastic change in color of the land
cover caused by the wildfires due to the vegetation it burned.
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GLOBE Observations Expanded
This data was obtained from the GLOBE Program using their land cover protocol.
Dixie fire, August 26, 2022, East side. The image depicts burnt logs surrounded by a charred
landscape with little vegetation. This indicates a medium severity fire as it can be estimated that 30-80%
of the vegetation was killed.
This data was obtained from the GLOBE Program using their land cover protocol.
Dixie fire, August 27, 2022, North directional photo. This photo shows burnt trees on its right
side, but not on its left, indicating that the fire likely did not cross this road.
This data was obtained from the GLOBE Program using their land cover protocol.
Looking at the map of the fire perimeter and the GLOBE data, we see that this is true and the fire
did not actually cross the road.
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Discussions
Wind can blow out flames from the wildfires and reduce the temperature causing the flames from
wildfires to be extinguished faster, reducing the rates in which a wildfire could occur. In areas with more
wind, a wildfire will occur for a less amount of days than in an area with less wind and similar conditions
otherwise. This is proven by the strong correlation shown in graph 1.
The data gathered indicates a direct correlation between angle of slope and the spread of
wildfires, with other factors such as wind speed and other climate-related phenomena enabling a rapid
increase in the surface area. Mountainous woodland terrain is often more susceptible to large wildfires
due to the close spacing of trees and the increase in angle of slope. Because heat rises, the flames spread
upward into nearby vegetation which scorches the surface and causes the Raw NBR index to plummet.
Additionally, for each fire examined, an increase in wind speeds throughout the burn period
contributes to this spread. Surface reflectance and angle of slope were found to have equivalent ratios,
while the angle of slope increases the surface reflectance decreases, and vice versa. Within recent years,
despite the diverse topographical features of California, the majority of large-scale fires recorded occurred
in high-elevation areas. Data shows that these high-elevation fires often last longer, a plausible
explanation for this is the dense forest cover and drier air which allows vegetation to ignite rapidly.
The GLOBE Observer observations in table 4 show significant land cover changes due to the fire.
They confirm the change in surface reflectance due to the burnt landscape emitting different wavelengths.
They prove that roads can act as barriers preventing the spread of wildfires efficiently. The observations
also show how bodies of water can reduce the changes in vegetation due to a wildfire.
Possible sources of error in our study include needing to use additional statistical models to more
accurately interpret our data. Although no exactly similar studies were conducted, we used a similar
methodology as How do sediment yields from post-wildfire debris-laden flows depend on terrain slope,
soil burn severity class, and drainage basin area? Insights from airborne-LiDAR change detection, so the
reliability of our results should also be similar.
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Conclusion
There are four main conclusions that can be made from this study. First off, the greater the wind
speed the fewer days a wildfire will occur. Second, the greater the average angle of slope of an area the
less the area it spreads is. Third, as the angle of slope increases the change in surface reflectance
decreases (meaning there is less of a discoloration of the land in that area). The last conclusion that can be
made is from the GLOBE Observer data points; it is that roads act as barriers for fires and that water can
reduce the effects of a wildfire.
The conclusions above can be generalized to all of California as all of our wildfires were
extracted from across the state of California. These conclusions are relevant because they show that if the
terrain is more monotonous then there will be less discoloration of land in that area and a smaller amount
of distance it spreads. This is relevant because this conclusion could be used as a basis for understanding a
fire better and modeling its pathway.
A key improvement that could be made in our methodology could be to use more methods of
statistical analysis to check for errors in our data and to reaffirm results.
Further research on this study should focus on studying additional confounding variables to lower
the chances of error in research and better analyze data values. Examples of the environmental
characteristics which could be analyzed include precipitation, humidity, and rainfall. In addition, using a
higher sample population of wildfire would ensure more precise results.
During our research, our project mentors were able to help us choose specific datasets to analyze
and think about what questions to ask when looking at our data. They impacted our project by
encouraging us to think at a deeper level to understand that data we extracted better.
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This report uses GLOBE Landcover Observations to analyze the change in Land Cover wildfires
can cause. GLOBE Observer data were obtained from NASA and the GLOBE Program and are freely
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available for use in research, publications and commercial applications. GLOBE Observer data analyzed
in this project are publicly available at globe.gov/globe-data (accessed on 30 June 2023). The Python code
to read, analyze, and visualize GLOBE data for this article as well as the analyzed datasets are available
on github.com/IGES-Geospatial (accessed on 30 June 2023). D
Materials Outside GLOBE Used
This research was completed using online datasets and softwares including LCMS, ArcGIS,
Google Earth Engine, Earth Explorer by USGS, NOAA Climate.gov, NCEI NOAA, and Cal Fire
Database. It also used imagery from OSM when mapping on ArcGIS.
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Compiled Data Used in Study
Scan QR Code below for the data used in this study:
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GLOBE IVSS Badges
This project involves collaboration with STEM professionals through the tools we used in gathering and displaying data. Rusanne Low Ph.D., Cassie Soeffing Ph.D, and Peder Nelson acted as our mentors and guides throughout the process. Nelson aided in determining which factors impact wildfires, and offered some resources such as the Google Earth Engine to help with our research. Andrew Clark, and Erika Podest Ph.D provided the team with methods to display data such as the ArcGIS dashboards, and were a helpful resource for remote sensing.
Collaboration was a key element throughout the project. As virtual researchers, we faced many challenges in planning and coordinating times to meet. Despite these hardships, collaboration allowed us to develop new skills and create a project that showcases our talents. Each researcher lives in a separate part of the world and across three different time zones. This difference in location contributed to our experiences throughout the project. Renee Easterbrook lives in Colorado where wildfires are rampant, her familiarity with these catastrophes played a role in selecting our project. Additionally, Renee had experience with video editing which contributed to the end product of our project. Daphne Rodriguez resides in Texas
and analyzed the images and weather data through the years, she compiled this data on the ArcGIS dashboards. Kate Bittle lives in Missouri and used the Google Earth Engine code editor to gather additional data about the landscape. Trisha Gorusu resided on the east coast during this project and wrote and organized a significant portion of the poster and research paper. Despite being thousands of miles apart, each researcher collaborated and contributed significantly to the end product of the project.
Various data sets were used throughout the project, which were then compiled and analyzed on the teams research paper. Data on the characteristics of wildfires allows the team to make inferences about the future of wildfires and can aid in combating these disasters. Data gathered includes but is not limited to: GLOBE Observer landcover images, temperature averages, Google Earth Engine slope and aspect ratios, and ArcGIS data. The full list of resources is listed above.
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