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ABSTRACT

In June 2013, southwest Colorado faced one of the largest wildfires in state history, the
West Fork Fire Complex. Being composed of three separate fires (Papoose, West Fork, and
Windy Pass), the wildfire burned approximately 110,000 acres within the Rio Grande National
Forest. This project aims to understand how the West Fork Fire affected forest structure and
recovery, and measures these impacts using Landsat 8 imagery to analyze NDVI and NBR.
NDVI was calculated to understand impacts to vegetation, while NBR was calculated to
understand overall burn severities. Specific measurements of NDVI and NBR values were
collected across 30 designated control points within each set of imagery. NDVI results showed a
63% decrease in control point values from June to August 2013, indicating immediate impacts to
forest structure. The average values fell from greater than 0.20 to less than 0.10, classifying
these once sparsely covered lands into areas of barren rock or sand. NBR values saw a decrease
of 309% over the same period. ∆NBR values averaged 0.33 which indicated moderate to low
severity burns throughout the landscape while ∆NDVI averaged 0.12. NDVI found a 123%
increase in July 2016 compared with the 2014 data, and NBR detected a 114% increase. Both
analyses presented higher values in 2016 compared with their 2013 data, showing evidence of
forest recovery. The results indicated the West Fork Complex had a moderate to low impact.
Additionally, results demonstrated how NDVI and NBR helped to classify the severity of
wildfires, vegetation health, and how these methods can be reproduced.
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INTRODUCTION

Over the last decade climate change has fueled longer, stronger, and faster-starting
wildfires across much of the United States. Approximately 7.5 billion acres have been affected
by wildfires since 2011 (iii, 2021). According to the Verisk’s 2019 Wildfire Risk Analysis,
approximately 4.5 million homes were identified at a high to extreme risk of wildfires, with an
estimated 373,000 properties residing in Colorado (Verisk, 2019). In Colorado alone, 857
separate wildfires were recorded in 2019, with approximately 40,392 acres of land being burned
(iii, 2021). However, this was not the highest number of recorded wildfire events in Colorado, as
the state has experienced greater than 1,000 separate wildfires in multiple years spanning across
the last decade. It is clear this threat is not going anywhere soon, as most of the academic world
continues to predict worsening climate conditions in the years to come. This brings great
importance to the understanding of these wildfires and the impact they have on our ecosystems.
The specific origins of wildfires can vary, but approximately 90% are due to natural
causes with lightning being the primary factor. The United States Forest Service reports the
following four different factors working in concert together can result in a catastrophic wildfire
(USDA, 2013): weather, an abundance of fuel, lack of moisture, and terrain characteristics.
However, only one of these factors can be influenced through human intervention such as forest
treatments to reduce fuels. Managing forest floors, identifying large areas of dead vegetation,
and trimming trees where necessary can all aid in fire suppression. It is essential for forest
management to analyze these factors along with post-fire impacts to effectively make decisions
aimed at prevention and/or restoration in potentially affected areas. When looking at the impact
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of a fire on an ecosystem, fire severity is a primary factor. Fire severity is defined as the degree
of change in the soil and vegetation caused by a fire.
Mapping and identifying fire severity can be difficult with large fires using traditional
methods in the field, especially in regions having complex topography and inaccessible areas.
This is where remote sensing (RS) and geographic information systems (GIS) can make an
impact. RS and GIS are becoming more frequently used in the field for planning and the
determination of land changes, especially since it does not require a person to be physically on
location. With the advancement of satellite imagery, and observing the land in different intervals
and resolutions, we can now obtain information quickly and reliably. With satellite imagery,
data is collected through the recording of electromagnetic energies through receptors in different
bands (Ozyavuz et. Al, 2015). With each band having a certain reflective data it is sensitive to,
they can be combined to form images detailing certain characteristics of the electromagnetic
spectrum, such as flora health.

RS data is commonly used for vegetation mapping and

monitoring, as healthy vegetation shows peak reflectance in near-infrared wavelengths. This is
due to the internal structure of the leaves, with the “green” structure having the greatest
absorption of light in the red wavelength due to the presence of chlorophyll. Certain RS
techniques, such as Normalized Difference Vegetation Index (NDVI), use the electromagnetic
spectrum to identify high levels of reflected wavelengths to characterize the landscape. Thus,
NDVI is perhaps the most common RS technique used to understand vegetation health. But
what else can techniques like NDVI tell us? How can these RS techniques be beneficial in the
understanding of wildfires?
In early June of 2013, southwest Colorado experienced one of the largest wildfires in the
state’s history, The West Fork Fire Complex. The fire burned from June 5th to July 15th outside
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of the town of South Fork. The complex impacted more than 108,000 acres of land within the
Rio Grande National Forest, San Juan National Forest, and some private lands (Figure 1). With
below average snowpack within the San Juan Mountains having already melted by June, and
above average temperatures causing severe drought, the risk of wildfires increased immensely.
The region had also been heavily impacted by the rapid spreading of the Spruce Beetle from
approximately 2004 to 2010. A massive amount of spruce beetles can cause up to 100%
mortality in mature vegetation. During an outbreak, host trees are killed within 1-2 years as
beetles bore into the bark and feed. Loss of tree canopy continues for 2-5 years after the initial
outbreak, which then start to decompose on the forest floor. During this time, surface fuels begin
to accumulate and potentially provide the fuel necessary to increase the severity of a surface fire
(Carlson et al, 2017). Leading up to the fire, the region had accumulated thousands of beetlekilled trees (CO Encyclopedia, 2021). In combination with high temperatures and on-going
drought, it did not take much for this fire to ignite.

Figure 1: Area Location Map
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The West Fork Complex consisted of three separate fires: Papoose, West Fork, and
Windy Pass. On June 5, 2013, lightning strikes ignited the West Fork fire. Within two weeks,
embers from the West Fork fire started the Windy Pass fire, and another lightning strike ignited
the Papoose fire. About a week later, the entire town of South Fork was evacuated as the West
Fork fire continued to spread towards its direction. The wildfire was driven by strong winds and
high temperatures, causing up to 18,532 acres of spread in a single day (Carlson et al, 2016).
After a few weeks, rains moved into the region and firefighters were able to contain the West
Fork Complex by July 15th (CO Encyclopedia, 2021). The result of acreage impacted from the
wildfire was as follows: Papoose – 49,628 acres, West Fork – 58,576 acres, and Windy Pass –
1,145 acres (Carlson et al, 2017). Following the wildfire, the US Forest Service’s Burned Area
Emergency Response (BAER) classified much of the burn as “high-severity” while also
providing a burn severity map (Figure 2).

Figure 2: Burn Severity Map, US Forest Service, BAER 2013
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Objectives
Aerial views of vegetation depict the immediate impacts of wildfires, which become
evident by vegetation loss and/or partial destruction. Fire also has an immediate effect on the
soil. When extinguished, nutrient loss and the loss of fine elements within the soils can affect a
plant’s regeneration response. These effects imply that severely burned areas may have a
considerable effect on either plant recovery or plant damage in the long run. Following a fire, a
series of spectrum changes also take place due to the fire’s consumption of vegetation,
destroying chlorophyll. This reduction in chlorophyll results in an increase in the visible region
of the electromagnetic spectrum and a reduction in the near infra-red region. In addition, the
decrease in tree canopy and soil moisture provides an increase to the mid-infrared region (Escuin
et al, 2008).

This is where RS and GIS come into play. Using RS methods, the recovery of

vegetation can be observed over time.

By analyzing several sets of imagery during and

following the West Fork Fire Complex, an understanding of vegetation recovery can be obtained.
One of the methods previously mentioned, NDVI, shows overall vegetation health by combining
and calculating differences between red and infrared bands of satellite imagery. Another method
of analysis in RS is called Normalized Burn Ratio (NBR). This method combines information in
the near-infrared and shortwave infrared regions of the electromagnetic spectrum to use in the
discrimination of burned areas, such as providing information on burn severity.
The purpose of this study is to provide an understanding of vegetation recovery following
the West Fork Fire Complex using RS techniques and methods. Through NDVI and NBR
analysis, the goal is to identify rates of recovery as well confirming areas of high burn severity.
This study will also aim to confirm the findings of the US Forest Service BAER program in the
identification of severely burned areas and the overall severity status. Having knowledge of the
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events which led to the fire’s ignition will also aid in understanding the imagery to draw
conclusions on the overall health of the forest region. If large areas of dead vegetation can be
identified in earlier obtained satellite imagery, then these methods of observations can also
improve the forest service wildfire management practices through surface clearing, thinning, or
prescribed fires. Identifying critical areas where fuel treatments are needed will help the forest
service effectively plan for and mitigate wildfires before they happen.

Through these

methodologies, this study hopes to gain an understanding on pre- and post-fire conditions,
severity, recovery, and the identification of areas where wildfire management practices can be
utilized.
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METHODS

Data
The data utilized for this study was sourced from the United States Geological Survey
(USGS) Global Visualization Viewer (GloVis). GloVis offers data and imagery consisting of
Global Land Survey, EO-1 ALI/Hyperion, IRS AWiFS/LISS-3, Landsat 1-5 MSS, Landsat 4-5
TM, Landsat 7 ETM+, Landsat 8 OLI/TIRS, OrbView-3, Sentinel-2, and SRTM Void Filled.
Users can select different scenes with individual aspects such as thermal or reflective resolutions,
or the entire set of band imagery through GeoTIFF output format. This project utilizes a series
of images derived from Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor
(TIRS) satellite (referred to as Landsat 8 herein). Launched in 2013, the instruments onboard the
Landsat 8 satellite provide 15 to 30-meter (m) multispectral data and collect images of Earth on a
16-day returning cycle. Each scene size is approximately 170-kilometer (km) north-south by 183
km east-west (106-miles (mi) by 114 mi). The Landsat 8 satellite consists of nine spectral bands.
The spatial resolution for bands 1 through 7, and 9, are 30 m while the spatial resolution for band
8 is 15 m. The TIRS occupy bands 10 and 11, with a spatial resolution of 100 m. An overview
of Landsat bands are as follows: Band 1 – coastal aerosol, Band 2 – blue, Band 3 – green, Band
4 – red, Band 5 – near infrared (NIR), Band 6 – shortwave infrared (SWIR) 1, Band 7 – SWIR 2,
Band 8 – panchromatic, Band 9 – Cirrus, Band 10 – TIRS 1, and Band 11 – TIRS 2 (USGS,
2021).
The data obtained from GloVis comes at a Level-1 processing level with Terrain
Precision Correction (L1TP). This translates to the data being radiometrically calibrated and
orthorectified using ground control points and digital elevation models to correct for relief

13

displacement. The L1TP data is considered the highest quality product suitable for pixel-level
time series analysis (USGS, 2021). Five sets of imagery were obtained from GloVis for the
following dates: 07/13/2013, 8/16/2013, 6/16/2014, 7/6/2016, and 7/2/2020. Obtaining data
with minimal cloud coverage while staying within similar phenological cycles was a priority for
this study, which is why these dates were specifically chosen. An overview of the obtained
imagery at its full extent can be seen within Figure 3 in its natural color state.

Figure 3: Landsat 8 Imagery Overview, GloVis 2021

Prior to developing the imagery, each data set needed to be composited together. This
was completed within ArcGIS Pro (version 2.7.2) by using the geoprocessing composite bands
tool. Bands one through seven were composited together for each date, where then the imagery
could then be manipulated using the band combination setting. For natural color imagery a 4-3-2
14

band combination was used to create what is observed in Figure 3.

An additional band

combination used to inspect the acquired imagery was short-wave infrared (SWIR), which uses a
7-5-1 band combination.

The SWIR band combination was primarily used to discern the

affected areas from the rest of the landscape, and to provide a glimpse at the burn scar created by
the West Fork Fire Complex.

SWIR imagery is known for its ability to capture specific

information about the environment, such as soil moisture, burning, vegetation, and materials
identification (EU Space, 2021). SWIR can identify features that are not possible with visible
and near-infrared bands alone, which is why it was selected for use in this comparison. Figures
4 through 8, already zoomed into the area of concern designated in Figure 1, highlights each set
of imagery with a natural color/SWIR side-by-side comparison.
Also taken into consideration within this study was the impact of cloud coverage in the
Landsat 8 imagery, as some can be seen within the images of Figures 4 through 8. For this
study, the availability of Landsat 8 data prior to the ignition of the West Fork Fire Complex was
severely limited due to cloud cover, with each available image containing 50% or more
coverage. Furthermore, due to the satellite not coming online until 2013, not much data exists
prior to the wildfire. This study will therefore only provide an analysis of the imagery and dates
presented herein. In the first set of imagery within Figure 4 for June 13, 2013, we can see that
cloud coverage impacts or obscures much of the view. However, through the clouds we can see
portions of our affected area. Overall, the areas remain light green to brown, indicating varying
levels of vegetation. Some spots of light orange can be seen, which we can assume is either bare
ground or has already been affected. This image was taken only 6 days after the fire’s ignition,
so its impact should be minimal to nonexistent. Therefore, for our purposes this image will be
used as our “pre-fire” image as the available imagery of Landsat 8 prior to this was severely
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impacted by cloud cover. It should be noted that steps to avoid cloud cover were taken and will
be discussed in the following sections.

Figure 4: Natural and Short-Wave Infrared Comparison Imagery, 06/13/2013

The next image within Figure 5, August 16, 2013, was collected 71-days after the fire’s
ignition. This image provides the first look at the impact of the West Fork Fire Complex. The
burn scar is clearly visible in orange, with the areas matching up almost identically with the areas
designated within the US Forest Services map in Figure 2. It is this image where the Papoose,
West Fork, and Windy Pass fires become discernable. The “greenness” surrounding the burn
scar could be due to the rains which moved in during mid to late July, providing relief and giving
life to surrounding vegetation in a season of high drought.
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Figure 5: Natural and Short-Wave Infrared Comparison Imagery, 08/16/2013

Moving ahead to Figure 6 for June 16, 2014, approximately one year following the fire’s
start, the burn scar remains clearly distinguishable.

Snow can also be observed in higher

elevations within the lower half of the image as light blue in color. Surrounding vegetation is
more “yellowish” compared to the previous image, possibly indicating another season of low
precipitation. Figure 7 provides the first glimpse of recovery. By July 6, 2016, almost two
years later, bright green dominates the affected areas.
recovery.

Thus, indicating some vegetative

The final image in this series, Figure 8, is from July 2, 2020. This image is

approximately seven years following the wildfire. Lacking the bright green seen in the previous
image, this portrayal shows a more balanced color output, possible indicating the areas return to
normalcy.

The burn scar can still be discerned, however, the light orange blending with

“yellowish” greens would indicate more sparsely covered land area opposed to burned. The light
oranges and yellowish greens could also be indicators of low moisture content, possibly due to
seasonal droughts. It is now known that the summer of 2020 in Colorado experienced high
17

wildfire activity, making drought a possibility and resulting in the darker colors within this
image.

Figure 6: Natural and Short-Wave Infrared Comparison Imagery, 06/16/2014

Figure 7: Natural and Short-Wave Infrared Comparison Imagery, 07/06/2014
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Figure 8: Natural and Short-Wave Infrared Comparison Imagery, 07/02/2020

As previously discussed, cloud cover was a major obstacle for this study. Table 1 lists
the percentage of cloud cover within each set of imagery, which was included within the
metadata provided by GloVis.

Additional information such as group, origin, acquisition date,

image quality and attributes, projection and more can be viewed within the metadata which can
be found in Appendix A.
Table 1: Landsat 8 cloud coverage taken directly from GloVis supplied metadata, from the “scene cloud
cover” attribute.
Landsat 8 OLI/TIRS Imagery
Image Date

Cloud Cover %

June 13, 2013

26.17

June 16, 2014

1.44

July 2, 2020

11.50

August 16, 2013

8.40

July 6, 2016

0.99
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Techniques of Analysis
In 2008, a study titled Fire Severity Assessment by using NBR and NDVI derived from
Landsat TM/TM Images by S. Escuin, R. Navarro, and P. Fernandez (Escuin et al., 2008) was
published in the International Journal of Remote Sensing. Their study compared the use of
NDVI and NBR derived from Landsat derived imagery in the use of burn severity assessments in
three fires occurring in southern Spain. The work discussed the use of pre/post-fire NBRs and
burn severity levels and how they correlated to drops within NDVI values. They found that postfire NBR gave the best correlations with documented burn severity in the field, followed by the
change in pre/post-fire NBR. This study aims to use some of their methods and apply them to
the West Fork Fire Complex, primarily with the calculations of differential NDVI and NBR.
Another study, titled Determination Of Vegetation Changes With NDVI Method by M. Ozyavuz,
B.C. Bilgili, and A. Salici (Ozyavuz et al., 2015) also serves as influence to this project. It uses
NDVI to classify changes in the vegetation intensity within a northwest province in Turkey.
This capstone mirrors their methods in the calculation of NDVI, by using the following general
formula:
NDVI = (IR – R) / (IR +R)
Where “IR” is equal to infrared and “R” is equal to red. These refer to the specific bands
required to calculate NDVI. Band designations differ from one satellite to another, based upon
the onboard instrumentation. In the case for Landsat 8, the NDVI formula can be presented as:
NDVI = (Band 5 – Band 4) / (Band 5 + Band 4)
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Using the Raster Calculator within ESRI’s ArcGIS Pro, NDVI was calculated for each of
the identified sets of imagery presented in Figure 3. NDVI values range between -1 and 1, with
each value corresponding to specific vegetation characteristics. Negative values correspond to
clouds, water, and snow while values closer to zero represent rocks and/or bare soil (0.1 or less).
Measurements with moderate values (0.1 to 0.5) represent sparse vegetation, shrubs, meadows
and grasslands, or senescing crops. Higher values (> 0.5) represent areas of dense vegetation,
tropical forests, and crops at their peak growth cycle. Table 2 below provides an overview of
these classifications. NDVI is simply the measure of the state of plant health, based on the
reflectance of light in certain frequencies. Through the computation of NDVI for each set of
imagery, this project will measure and calculate specific values to determine the severity of
impact the West Fork Fire Complex had on surrounding vegetation. The next method to aid in
the goal of understanding long-term impacts of the West Fork Fire Complex on vegetation is
NBR.
Table 2: NDVI Value Classifications, USGS 2021
NDVI
< 0.1
0.1 to 0.5
> 0.5

Classification
Areas of barren rock, sand, or
snow
Sparse vegetation, shrubs,
grasslands, senescing crops

Dense vegetation, tropical
forests, crops at peak growth
stage

NBR uses the ratio between these bands, which produces a value range and ideology akin
to NDVI (-1 to 1). Higher values indicate healthy vegetation while lower (negative) values
indicate recently burned areas, while areas that are not impacted by burning are usually
21

represented with values close to zero. For burned areas, NBR values decline at the same time as
fire severity rises. As for severity distributions within the fire’s perimeter, positive correlations
have been discovered between drops in NDVI values and fire severity (Escuin et al, 2008).
Therefore, this study calculated standard NBR for the specified imagery seen in Figure 3 to
observe and identify any trends between NDVI and NBR.

Once again, using the raster

calculator within ArcGIS Pro to perform the NBR analysis, the general formula for NBR is
presented as:
NBR = (IR – SWIR) / (IR + SWIR)
Where “SWIR” is equal to shortwave infrared. Calculations for NBR using Landsat 8
imagery are similar to NDVI, as both methods use the IR Band 5. Additionally, we know from
using NDVI that healthy vegetation shows a higher reflectance in the IR. This is opposite for
the SWIR band, which shows higher reflectance in recently burned areas (NASA, 2021).
Therefore, the only difference between NDVI and NBR calculations is the inclusion of the SWIR
Band 7 in place of the Red Band 4. With that information in mind, the formula can be presented
as:
NBR = (Band 5 – Band 7) / (Band 5 + Band 7)
To present the findings, side by side maps of NDVI and NBR were created. However, to
find any correlations between NDVI and NBR, measurements of specific values needed to be
collected. That is why, prior to any raster calculation, thirty (30) control points were carefully
identified to observe the changes over time. These control points were intended to ensure that
measurements being collected within the NDVI and NBR maps were from the same geographic
position. With this method, the project was able to quantify the changes in some of the most
heavily impacted locations within the affected region and show these changes through
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tabulations and graphs. Using a combination of the swipe tool (which reveals hidden content
behind a selected layer) in ArcGIS Pro, Figure 2, and each set of obtained imagery, the control
points were carefully chosen based in areas which could potentially have moderate to high burn
severity and minimal cloud coverage. This ensured the study maintained a controlled variable
throughout the imagery to collect accurate NDVI and NBR measurements. Figure 9 indicates
the 30 selected control points within the area of concern. It should also be noted that each
measurement was taken from the center pixel (or as close to) within each control point using the
inspect tool within ArcGIS Pro. The control point layer was positioned below working imagery
layers where a slight transparency (30-40%) was applied so that each point was visible for data
collection.

This process was repeated for each data set to compile and tabulate the

measurements.

Figure 9: Control Point Location Map
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Following the creation of NDVI and NBR maps for each set of acquired imagery, change
detection maps were created for each analysis (∆NDVI and ∆NBR). Using the imagery from
6/13/2013 (pre) and 7/6/2014 (post), two maps were created to provide visuals of; 1. How the
vegetation changed one year following the wildfire and, 2. The severity of the fire and how it
possibly affected vegetation recovery. Per the S. Escuin et al. (2015) study, it is recommended
that the pre-fire image and post-fire image be of the same date with a year’s difference. This
way, using dates closest to the fire’s occurrence will minimize differences in illumination and/or
phenological changes. Due to the availability of Landsat 8 imagery, the pre and post fire images
were selected based on these recommendations to obtain an analysis as close to a one-year
difference as possible. However, in opposition to this method, it should be mentioned that their
study pointed out one of the main disadvantages of using post-fire indices is that they do not give
good results in the discrimination between burned areas and water surfaces, or areas with bare
soil or little vegetation. The designation of control points in this study was therefore used to
combat this. By taking measurements from specified areas over multiple sets of imagery, the
study hopes to identify any trends that would help in the discrimination between surfaces.
The utilization of ArcGIS Pro was also used to calculate ∆NDVI and ∆NBR. Using the
minus geoprocessing tool, this study implemented similar methods to the S. Escuin et al. study
for the change detection with the following two formulas:
(1) ∆NDVI = (preNDVI) – (postNDVI)
which equates to, ∆NDVI = (6/13/2013 NDVI) – (7/6/2014 NDVI), and
(2) ∆NBR = (preNBR) – (postNBR)
which equates to, ∆NBR = (6/13/2013 NBR) – (7/6/2014 NBR)
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The significance of ∆NDVI values will be presented using the same classification legend
shown in Table 2, while ∆NBR values will be presented using Table 3, which are supplied from
the USGS fire monitoring program. The general aim of the techniques presented in this study
are to provide a methodology which permits wildfire assessment from the analysis of NDVI and
NBR derived from Landsat 8 images.
Table 3: ∆NBR Burn Severity Classifications
∆NBR

Burn Severity

< -0.25

High post-fire regrowth

-0.1 to +0.1

Unburned

-0.25 to -0.1
0.1 to 0.27

0.27 to 0.44
0.44 to 0.66
> 0.66

Low post-fire regrowth
Low-severity burn

Moderate-low severity burn

Moderate-high severity burn
High-severity burn
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Statistical Methods of Analysis
This section of analysis seeks to identify and show the statistical relationship between
NDVI and NBR measurements. To determine if any relationship exists, this study used a
combination of scatter plots and the Pearson’s product-moment Correlation Coefficient (r). This
determines how strongly our two variables, NDVI and NBR, relate to each other. However, it
should be noted that the use of Pearson’s product-moment correlation is purely for exploratory
analysis and to aid in the interpretation of the imagery, not to draw conclusions on the objectives.
The coefficient was applied to only describe associations between the NDVI and NBR
measurements collected from this specific data set.

A three-step process was applied to this

statistical method, with the first step being the creation of a scatter plot with all collected values
within each set of imagery plotted individually. A correlation coefficient was then calculated for
each individual year being studied to determine the relationship between variables for each
dataset. The third step plotted all NDVI and NBR values together, with the addition of a
trendline, and calculated the total correlation coefficient for all control point data collected.
It should be noted that this section of the analysis was entirely completed within
Microsoft Excel. The first scatter plot used the “CORREL” function to calculate the individual
coefficients. For the second scatter plot, once all the data was properly mapped, a datapoint was
selected and right clicked where the trendline could be applied. From there, using the format
trendline toolbar, a selection for presenting the R-squared value (which automatically assumes
cell values are normally distributed) was selected within the trendline options. These options
allow the user to show the formula used to calculate the r-squared value, which will also be
included on the scatter plot. The third and final step was the creation of a scatter plot for each
change differential map. Using the same steps described in step 2, the final scatter plot will be
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created using only the values collected from the change differential maps. A trendline, formula,
and r coefficient will also be presented within the plot. Through these scatter plots, this study
hopes to identify and confirm any correlation trends across all the data collected in each step of
the analysis. Each scatter plot will be presented as its own figure following the mapping results,
with any associated tables referenced within the text.
The correlation method is one of the most common used for linear numerical values. It
assigns a value between -1 and 1 (like NDVI and NBR), where 1 is a positive correlation, 0 is no
correlation, and -1 is a negative correlation. A positive value between two variables indicates
that a significant relationship exists between the two. Positive correlations signify that when
variable A rises, then variable B will also rise. If the correlation is negative, the opposite applies.
If variable A rises, then variable B decreases.

Therefore, if this study finds a positive

relationship between NDVI and NBR, we can then assume that when NDVI rises, NBR will
follow. It is important to remember that within the NDVI and NBR comparison maps that lower
(and negative) NBR values indicate damaged or burned vegetation. The opposite is true for
∆NBR, as the subtraction of the two raster maps creates a scale where positive values indicate a
higher level of damage.
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RESULTS AND DISCUSSION

Mapping Results
In Figures 10 through 14, individual NDVI and NBR comparison maps for each set of
imagery can be observed. Each map shows the placement and numbering of control points
within both NDVI and NBR sections, while also providing a graph using the data from each
control point. These maps are intended to show yearly NDVI and NBR measurements which aid
in determining conclusions of burn severity, and whether the West Fork Fire Complex impacted
the long-term recovery of vegetation. It should be noted that within these individual maps,
NDVI is depicted with higher values representing higher and denser levels of vegetation. While
NBR can be depicted with lower values representing higher levels of burning. NDVI and NBR
control point measurements can be observed in their entirety for each set of imagery, which have
been rounded to the nearest hundredth in the attached Table 4.
Looking at the graph in Figure 10, we can immediately see a large positive spike of NBR
around control point 8. This large spike coincides with a spike in NDVI, which indicates this
area may have not been affected by the fire as of June 13, 2013. In the NDVI and NBR
comparison figures, lower values of NBR indicate burned or unhealthy vegetation. Accordingly,
in Figure 10, we can determine that the area surrounding control point 8 may be most unaffected
and healthiest area of vegetation.

Looking at the rest of the graph, as well as the maps

themselves, it appears that these images will provide the necessary baseline for determining the
wildfires impact. Taken approximately 6 days after the West Fork Fire Complex’s start, Figure
10 does not provide any notable takeaways regarding the long-term impact or severity. NDVI
levels were averaged at 0.22, while NBR levels were averaged at 0.11. With most NDVI
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measuring above 0.1, and most NBR values staying above zero, the West Fork Fire Complex can
be inferred to have a minimal impact within this set of imagery.

Figure 10: NDVI and NBR Comparisons, 06/13/2013

In Figure 11, the burn scar becomes extremely visible for the first time within both sets
of imagery. Looking at the graph in the bottom right of the figure, NDVI and NBR values are
now clearly separated by the zero axis. With all NBR values in the negative, this clearly
indicates some form of impact from the West Fork Fire Complex. Control points 3, 16, and 21
show the highest NBR values while points 6, 18, and 25 show the highest NDVI values.
Average values across the image for NDVI are 0.08, while average values for NBR measure at 0.23. With Figure 11 showing the region approximately one month following the fire, average
NDVI values decreased by 63% while NBR values showed a significant 309% decrease. These
numbers clearly indicate the West Fork Fire Complex’s impact to the area.
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Figure 11: NDVI and NBR Comparisons, 08/16/2013

Figure 12 shows the region approximately one year following the wildfires ignition. The
burn scar is still clearly visible within the NBR image but has visually subsided in the NDVI
image compared to Figure 11. Looking at the trend graph, values are still clearly separated by
the zero-axis with NBR values staying in the negative. Average NDVI measured at 0.11,
providing a 31% increase compared to the previous set of imagery. Areas surrounding control
points 11, 14, and 29 showed the highest NDVI readings. NBR values also showed some
recovery, averaging at -0.21 with measurements showing a 10% increase from Figure 11.
Control points 13, 16, and 17 showed the lowest NBR readings, with the lowest values keeping
some similarity with values in Figure 11, but overall showing larger upward trending spikes in
other areas. It should also be noted that the regions surrounding the affected areas give off more
mid-range values (such as yellow and light orange colors within the NBR), indicating that not
much change has occurred, compared to Figure 11 which saw more mid to higher ranges of
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color (light green within NBR). These observations could be attributed to the reported rains
providing relief to the region in late July of 2013.

Figure 12: NDVI and NBR Comparisons, 06/16/2014

Moving ahead to Figure 13, two years following Figure 12, the burn scar has mostly
subsided within the landscape. However, some parts, such as the areas around control points 5
and 18 for example, still show evidence of the scar within both sets of imagery. Average NDVI
values measured at 0.24, a 123% increase from Figure 12, and higher than the average NDVI in
Figure 10. NBR also jumped considerably from the previous figure, averaging at 0.03 and
showing a 114% increase. The imagery within Figure 13 was captured three years following the
fires and judging from the control point values it seems the region has somewhat recovered with
each value either matching or exceeding the initial dataset (Figure 10). Looking at the graph
within the figure, the NDVI and NBR trendlines are closer together, with many NBR values
extending back up into positive values. Large spikes of NBR coincide with NDVI, which in turn
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provide the highest levels of NDVI observed in this study. However, some areas still seem to be
in the recovery phase. As depicted in control points 15 through 23, lower NDVI levels coincide
with mostly negative NBR values, giving the assumption that these areas are still recovering.

Figure 13: NDVI and NBR Comparisons, 07/06/2016

With respect to the last figure in this set of NDVI and NBR comparisons, in Figure 14,
one can immediately notice the dark areas within the NDVI image. These dark “blotches” are
clouds and provide another example of the importance the role control points played within this
study. Looking past the clouds, the affected areas seem to have completely blended into the
landscape with only minimal dark areas present, such as the southeast corner of the West Fork
fire. Within the NBR image, much of the darker red values have turned into orange/reddishorange values. Even though the outlines of the Papoose fire (especially the northwest corner)
can still be discerned, with this image taking place seven years after the fire and previous images
indicating recovery, we can assume that many of these red areas could be classified as bare
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ground. With the West Fork Fire Complex affecting the amount of land it did, it would make
sense that the vegetation recovery seen up to this point would mostly be shrubs and smaller
vegetation which would not provide higher levels of NDVI or NBR. Looking at the collected
measurements, average NDVI values were 0.21, an 11% decrease from Figure 13. Average
NBR values also saw a slight decrease, measuring 0.01 and a 58% decrease from the previous
figure. This could be interpreted in several ways, but we now know that the Colorado summer of
2020 experienced widespread droughts and additional wildfires. Therefore, the slight decrease in
NDVI and NBR values could be due to the lack of moisture content within the vegetation and
soil.

Figure 14: NDVI and NBR Comparisons, 07/02/2020

Overall, average NDVI values measured at 0.17, and NBR measured at -0.06 across
each set of imagery seen within Figures 10 through 14. These total averages do not imply much,
but they do show that over the seven-year span of collected imagery that both NDVI and NBR
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measurements did not vary tremendously between the highest and lowest possible values.
Moving forward, the next two figures within the study look at change detection from our
designated “pre” and “post” images.

In Figure 15, ∆NDVI can be observed within each

individual fire, now clearly outlined, and identified. The brighter or lighter colored areas within
each fire’s boundary can immediately be observed, already indicating some positive change
within NDVI. Looking at the graph, the highest ∆NDVI occurred around control points 8, 11,
and 12. Control point 5 shows the lowest ∆NDVI value at 0.02, potentially indicating that this
area suffered the greatest impact from the West Fork Fire Complex. Overall, average ∆NDVI
values measured at 0.12, which by looking at the legend can be designated as sparse vegetation,
shrubs, and grasslands.

Figure 15: ∆NDVI Map, 06/13/2013 and 06/16/2014
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In Figure 16, the burn scar is clearly visible within each individual fire boundary in this
∆NBR map. With an average ∆NBR of 0.33, the overall region can be classified as having
moderate to low severity burns based on the legend provided. Control points 8, 12, 16, and 20
measured at or above 0.40, suggesting these areas were impacted the most between the start of
the fire and approximately one year following it. The graph shows a large downward spike at
control point 5, and between points 13 and 23 which show alternating trends of high and low
∆NBR. Looking back at the graph within Figure 15, one might expect to see corresponding
upward spikes of NDVI in these areas, however, these values (0.10) are lower than the overall
average (0.12). This could potentially indicate that these areas consisted more of barren rock
rather than sparse vegetation. The complete collection of control point data gathered within the
∆NDVI and ∆NBR can be found the attached Tables 5A and 5B.

Figure 16: ∆NBR Map, 06/13/2013 and 06/16/2014
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Figures 17 and 18 provide heat density maps of the impacted areas based on the control
point data collected from the ∆NDVI and ∆NBR maps (Figures 15 & 16). These maps were
created solely as a visual aid for understanding the distribution of the collected values. Looking
at Figure 17, the areas surrounding control points 8, 9, 12, and 13 can be immediately
recognized to have a higher density of vegetation. Additionally, control points 25, 24, 29, and 30
also stand out. Other areas also stand out, such as the northwest area of the Papoose fire and
northeast corner of the West Fork. Based on the collected values, these areas saw the highest
positive change of NDVI between the pre and post imagery used to calculate the ∆NDVI.
Judging from this map alone, it seems the Papoose and Windy Pass fires showed the greats
positive changes in NDVI.

Figure 17: ∆NDVI Heat Density Map
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Moving onto Figure 18, the ∆NBR heat map shows the areas characterized by control
point values which recorded the highest levels of burn severity. Overall, much of the map
consists of yellow and green areas, indicating lower levels of burn severity. However, the areas
surrounding control points 8, 9, 12, 13, 24, 25, 29, and 30 appear within red zones, indicating
higher levels of burn severity. Overall, the Papoose and Windy Pass fires appear to have had the
most impact. Looking back at both Figures 17 and 18, a correlation between high NDVI rates
can be observed with higher NBR rates. Much of the same areas where burn severity measured
the highest also showed the highest NDVI rates, further indicating that these areas showed the
greatest recovery. The discussion section will dive deeper into this correlation and provide
additional examples from studies where similar results were found.

Figure 18: ∆NBR Heat Density Map
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Statistical Results
Figures 19 through 21 present the statistical correlations between collected NDVI and
NBR control point values. In each scatter plot, NDVI values are plotted against NBR to obtain a
sense of correlation between the analyses. In Figure 19, we can see the first of three scatter plots
with all individual NDVI values plotted against individual NBR values. We can immediately
discern some positive correlation, as the points trend from lower to higher numerical values.
Looking at the graph within the figure, individual r-coefficients are reported. Each year shows a
positive correlation between NDVI and NBR.

However, some years are more positively

correlated than others, such as the 7/6/2016 data which shows the highest r value of 0.88. For
this particular year, the higher the NDVI values were, the higher the NBR values also were. A
positive correlation such as this is expected since one measures plant health and density while
the other measures damage and burn severity. When NDVI values are high, corresponding
higher values of NBR are to be expected.

Figure 19: Scatter Plot showing individual NDVI and NBR Control Point data
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The scatter plot in Figure 20 shows all NDVI and NBR values plotted together, without
the separation of date. With the data combined, a trendline and overall coefficient calculation
can be added, and is shown within the figure. With all the individual control point data plotted
together, and based upon the findings in Figure 19, it comes as no surprise to see a very strong
correlation between NDVI and NBR with an r-coefficient of 0.82 (0.8155 rounded to the nearest
hundredth).

Figure 20: Scatter Plot showing consolidated NDVI and NBR Control Point data

In Figure 21, control point values are plotted together from each ∆NDVI and ∆NBR
map. As previously mentioned, higher ∆NBR values correspond to more severe levels of
burning, with was opposite compared to the standard NBR maps and figures presented prior to
this. A positive correlation between ∆NDVI and ∆NBR is still observed, with the r-coefficient
measuring at 0.55. Overall, the results of Figure 21 are to be expected, as higher levels of
∆NDVI correspond with lower levels of ∆NBR. The results of Figures 19 through 21 show
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undoubtedly that there exists a positive correlation between NDVI and NBR within the areas
affected by the West Fork Fire Complex.

Figure 21: Scatter Plot showing ∆NDVI and ∆NBR Control Point data
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Discussion
Throughout this study, it has been shown that NDVI and NBR can be accurately used to
determine vegetation levels and burn severities following wildfire events. This type of analysis,
however, has been done in many other studies across the world. For example, a study titled
Assessment of post-fire vegetation recovery in Southern Siberia using remote sensing
observations by E. Shvetsov et al. (2018) used NBR analyses to estimate forest recovery
following fire events. Their analysis determined that high frequencies of fire and positive
surface temperatures hamper the post-fire reforestation process, while severe burns are followed
by higher recovery rates. Similar observations were discovered within this study, as higher
levels of NDVI correlated with higher levels of burn severity. Thus, providing another example
that this type of analysis can be useful in determining forest recovery. The use of NBR in
monitoring vegetation recovery can outperform NDVI in some cases, as NBR demonstrates a
greater magnitude of post-fire decrease and requires longer recovery periods to reach pre-fire
values compared to NDVI (E. Shvetsov et al, 2018). In some cases, and depending on the forest
type and wildfire severity, initial vegetation densities can take more than a decade to reach prefire values. In this study, it only took approximately three years for NDVI levels to reach (and
exceed) the pre-fire values. Their exceedance, however, is relative as the pre-fire data was
collected six days following the wildfires ignition. So, for this study, rather than stating it took
three years for vegetation levels to recovery to pre-fire values, it is better implied that it took
three years to exceed vegetation levels observed at the start of the wildfire event. Even seven
years following the wildfire, this study presented NDVI data only 0.04% lower than the data
used for pre-fire analysis.
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An additional study titled, Using Remote Sensing to Assess Russian Forest Fire Carbon
Emissions by A. Isaev et al. (2014) demonstrated the close relationship between values of
∆NDVI and forest damage levels using high resolution satellite data.

Their study also

demonstrated how remote sensing techniques such as NDVI can significantly improve the
existing forest fire monitoring system by the detection of large fires and burned areas, assessing
severity levels, and the long-term consequences of fire in forest regeneration. These methods
also showed that it is possible to distinguish major land categories and parameters of the forests
using remote sensing techniques of measuring pre- and post-fire forest structures (A. Isaev et al,
2014). Their study relates to this one in the sense that positive correlations connecting ∆NDVI
differences from pre- and post- burn satellite imagery positively correlated with fire damages. In
this study, it was found that areas which experienced the highest levels of burn severity also saw
the highest levels of NDVI, providing further evidence that they are directly related in post-fire
forest recovery. With positive r-coefficients being found within every set of imagery analyzed,
this study provides another example of how closely NDVI and NBR are positively correlated.
This study, and others like it, also show the potential that remote sensing
applications can have on the study of wildfires and forest structure. Being able to remotely
single out areas of concern is not only cost-effective, but also timesaving. Using the methods
presented herein, forest service agencies can identify areas of concern and therefore areas
susceptible to wildfire, such as low NDVI measuring regions. Knowing which areas to focus on
can aid ground crews in the identification and treatment of forest fuels which could potentially
provide fuel to severe wildfires. In certain situations of forest management, NDVI and NBR do
not have to be implemented. This study has shown with the use of satellite imagery, especially
in SWIR dominated imagery, fire induced changes in the surface reflectance can provide a basis
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for assessing the extent of fire disturbed areas. These spectral bands have been shown to be
sensitive to variations in soil and vegetation color, chlorophyll, and water content, which are all
severely affected by fire severity (E. Shvetsov et al, 2018). Observations like these can even be
observed in Figures 4 through 8 within this study. The color changes witnessed within the
landscape can be a valuable tool in determining the extent of fires, low moisture content, and
unhealthy vegetation.
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CONCLUSIONS

In this study, long-term recovery rates were sought to be determined following the West
Fork Fire Complex.

The complex, consisting of three separate fires, was studied using a

combination of satellite imagery, NDVI, NBR, and statistical analyses. In previous studies
mentioned herein, post-fire NDVI recovery was shown to be faster in high severity burn areas,
indicating a positive correlation between remotely sensed vegetation indices and fire severity.
This study proved as further confirmation that NDVI in more severely burned forests have higher
rates of recovery. This study also wanted to ascertain if the West Fork Fire Complex specifically
had any long-term impact on vegetation recovery within the Rio Grande National Forest. The
answer to this, determined through the methods described within this report, showed that the
West Fork Fire Complex did not have any long-term effect to the forest structure. Furthermore,
it was discovered that vegetation levels recovered to pre-fire levels approximately three years
after the fire. Looking at other studies, it was found that moderately burned areas sometimes
take upwards of ten years to reach pre-fire levels (E. Shvetsov et al, 2018), which when
compared to this study proves that the West Fork Fire Complex did not have a long-term
negative impact. Even seven years following the fire, vegetation levels were shown to be
relatively the same as pre-fire levels. Overall, the data acquired in this study suggests that out of
the three separate wildfires, the West Fork fire had the biggest impact as it recorded the highest
collection of ∆NBR values.
Additionally, this study aimed to confirm the US Forest Services findings
observed in Figure 2 to determine the areas impacted the most through burn severity levels.
Looking at the color designations in Figure 2, and according to the US Forest Services Burned
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Area Report (Appendix B), the overall impact of the West Fork Fire Complex was moderate to
severe. This study however showed that average NBR levels classified burns as low to mostly
moderate severity. In Figure 18, some areas where burn severity was the densest directly
corresponded with severe areas determined in Figure 2. These areas, such as the southeast
section of the Papoose fire, both depict moderate to severe burns. However, other sections such
as the eastern side of the West Fork in Figure 2 do not match up with the findings presented in
Figure 18. The methods used in this study did however confirm the US Forest Services extent
of fire boundaries. Overall, the analysis of this study showed that the West Fork Fire Complex
had moderate to low severity burns. A possible explanation between the differences in severity
designations between this study and the US Forest Services, is that they had access to field
observations while this study solely relied on the acquisition of remotely sensed data.
Even though the final designations between this study and the US Forest Service’s
slightly differed in burn severity levels, this study shows that a comprehensive analysis can still
be performed entirely though remote applications.

The only drawback within this study

compared to the US Forest Service study is that one is assumed to have access to more data
collected in the field. However, assuming the resources the Forest Service implemented in their
study were greater than this one, it still shows how the analysis of NDVI and NBR through
remotely sensed imagery can be of use in determining vegetation recovery rates, estimating
severity levels, and determining wildfire extents. Therefore, the research and the methods
presented herein reflect that combining information from multiple sources in the remote
assessment of forest fire damages and vegetation recovery rates can be successful. This study
also hopes to provide further evidence supporting NDVI and NBR correlations as well as the
classifications using remote sensed imagery.
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Table 4
Combined NDVI and NBR Control Point Data

Control
Point

June 13, 2013

August 6, 2013

July 15, 2014

July 6, 2016

July 2, 2020

NDVI

NBR

NDVI

NBR

NDVI

NBR

NDVI

NBR

NDVI

NBR

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

0.20
0.17
0.24
0.21
0.14
0.18
0.24
0.30
0.29
0.25
0.24
0.28
0.27
0.22
0.21
0.23
0.15
0.21
0.23
0.22
0.21
0.18
0.24
0.24
0.22
0.26
0.26
0.26
0.20
0.18

0.08
0.12
0.10
0.01
‐0.01
‐0.01
0.02
0.29
0.16
0.13
0.17
0.16
0.15
0.08
0.07
0.12
‐0.01
0.03
0.09
0.16
0.07
0.08
0.17
0.19
0.14
0.13
0.12
0.17
0.19
0.10

0.06
0.07
0.08
0.07
0.1
0.11
0.08
0.09
0.07
0.07
0.09
0.07
0.08
0.10
0.08
0.07
0.08
0.12
0.09
0.05
0.08
0.10
0.09
0.08
0.11
0.10
0.08
0.10
0.05
0.05

‐0.27
‐0.25
‐0.29
‐0.24
‐0.22
‐0.23
‐0.27
‐0.11
‐0.25
‐0.25
‐0.18
‐0.26
‐0.23
‐0.18
‐0.25
‐0.28
‐0.24
‐0.23
‐0.25
‐0.21
‐0.28
‐0.15
‐0.26
‐0.18
‐0.21
‐0.22
‐0.25
‐0.20
‐0.18
‐0.23

0.09
0.11
0.1
0.11
0.11
0.12
0.1
0.09
0.12
0.11
0.14

‐0.23
‐0.22
‐0.26
‐0.21
‐0.21
‐0.17
‐0.26
‐0.11
‐0.17
‐0.19
‐0.07

0.08

‐0.25

0.12
0.13
0.10
0.08
0.10
0.11
0.09
0.08
0.09
0.11
0.10
0.12
0.12
0.11
0.10
0.14
0.15
0.11

‐0.29
‐0.18
‐0.16
‐0.28
‐0.28
‐0.25
‐0.23
‐0.24
‐0.24
‐0.14
‐0.20
‐0.17
‐0.17
‐0.24
‐0.22
‐0.16
‐0.15
‐0.21

0.17
0.31
0.25
0.29
0.19
0.18
0.12
0.35
0.34
0.21
0.23
0.24
0.31
0.34
0.23
0.21
0.20
0.17
0.19
0.23
0.16
0.14
0.16
0.33
0.25
0.24
0.27
0.33
0.29
0.28

‐0.09
0.12
0.01
0.11
‐0.05
‐0.03
‐0.10
0.12
0.20
0.01
0.10
0.01
0.13
0.18
‐0.09
‐0.02
‐0.06
‐0.08
‐0.05
0.01
‐0.09
‐0.02
‐0.08
0.18
0.03
‐0.01
0.01
0.09
0.22
0.08

0.17
0.26
0.24
0.21
0.16
0.24
0.18
0.23
0.27
0.20
0.22
0.20
0.20
0.26
0.20
0.21
0.18
0.15
0.18
0.19
0.17
0.22
0.19
0.28
0.22
0.21
0.24
0.24
0.25
0.25

0.03
0.01
‐0.03
0.07
‐0.05
‐0.07
‐0.09
0.09
0.15
0.08
0.02
‐0.04
‐0.08
0.01
‐0.04
‐0.03
‐0.03
‐0.08
0.01
0.04
‐0.05
0.06
0.02
0.12
0.03
‐0.02
0.02
0.07
0.09
0.04

Average
Values per
Year

0.22

0.11

0.08

‐0.23

0.11

‐0.21

0.24

0.03

0.21

0.01

Percent change from previous year

‐63%

‐309%

31%

‐10%

123%

‐114%

‐11%

‐58%

Average NDVI
per point

Average NBR
per point

0.14
0.18
0.18
0.18
0.14
0.17
0.14
0.21
0.22
0.17
0.18
0.17
0.20
0.21
0.16
0.16
0.14
0.15
0.16
0.15
0.14
0.15
0.16
0.21
0.18
0.18
0.19
0.21
0.19
0.17

‐0.10
‐0.04
‐0.09
‐0.05
‐0.11
‐0.10
‐0.14
0.06
0.02
‐0.04
0.01
‐0.08
‐0.06
‐0.02
‐0.09
‐0.10
‐0.12
‐0.12
‐0.09
‐0.05
‐0.12
‐0.03
‐0.07
0.03
‐0.04
‐0.07
‐0.06
‐0.01
0.03
‐0.04

Total Average
0.17

‐0.06

Table 5A
∆NDVI Control Point Data and Classifications

∆NDVI June 2013 ‐ June 2014
Point

NDVI Value

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Average

0.11
0.08
0.14
0.12
0.02
0.08
0.14
0.21
0.14
0.14
0.08
0.18
0.17
0.09
0.10
0.13
0.06
0.08
0.13
0.15
0.12
0.10
0.14
0.15
0.12
0.14
0.14
0.12
0.13
0.10
0.12

Value Classification

Associated Fire

Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Areas of barren rock, sand, or snow
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Areas of barren rock, sand, or snow
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Areas of barren rock, sand, or snow
Sparse vegetation, shrubs, grasslands
Papoose
Sparse vegetation, shrubs, grasslands
Papoose
Areas of barren rock, sand, or snow
Papoose
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Areas of barren rock, sand, or snow
West Fork
Areas of barren rock, sand, or snow
West Fork
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
West Fork
Sparse vegetation, shrubs, grasslands
Windy Pass
Sparse vegetation, shrubs, grasslands
Windy Pass
Sparse vegetation, shrubs, grasslands

Table 5B
∆NBR Control Point Data and Classifications

∆NBR June 2013 ‐ June 2014
Point

NBR Value

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Average

0.33
0.31
0.35
0.30
0.22
0.23
0.31
0.40
0.39
0.30
0.33
0.40
0.39
0.28
0.21
0.43
0.25
0.28
0.32
0.41
0.31
0.20
0.37
0.37
0.34
0.34
0.36
0.30
0.39
0.33
0.33

Value Classification

Associated Fire

Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Low‐severity burn
Papoose
Low‐severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Moderate‐low severity burn
Papoose
Low‐severity burn
West Fork
Moderate‐low severity burn
West Fork
Low‐severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Low‐severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
West Fork
Moderate‐low severity burn
Windy Pass
Moderate‐low severity burn
Windy Pass
Moderate‐low severity burn

Appendix A
Metadata

50

GloVis provided Metadata for August 16, 2013 Imagery
Landsat Product Identifier
Landsat Scene Identifier
Acquisition Date
Collection Category
Collection Number
WRS Path
WRS Row
Target WRS Path
Target WRS Row
Nadir/Off Nadir
Roll Angle
Date L-1 Generated
Start Time
Stop Time
Station Identifier
Day/Night Indicator
Land Cloud Cover
Scene Cloud Cover
Ground Control Points Model
Ground Control Points Version
Geometric RMSE Model (meters)
Geometric RMSE Model X
Geometric RMSE Model Y
Image Quality
Processing Software Version
Sun Elevation L1
Sun Azimuth L1
TIRS SSM Model
Data Type Level-1
Sensor Identifier
Panchromatic Lines
Panchromatic Samples
Reflective Lines
Reflective Samples
Thermal Lines
Thermal Samples
Map Projection Level-1
UTM Zone
Datum
Ellipsoid
Grid Cell Size Panchromatic
Grid Cell Size Reflective

LC08_L1TP_034034_20130816_20170309_01_T1
LC80340342013228LGN01
8/16/2013
T1
1
34
34
34
34
NADIR
-0.001
3/9/2017
2013:228:17:46:01.0954260
2013:228:17:46:32.8654220
LGN
DAY
8.4
8.4
352
4
7.004
5.254
4.631
9
LPGS_2.7.0
59.52911173
136.2495414
ACTUAL
OLI_TIRS_L1TP
OLI_TIRS
15841
15621
7921
7811
7921
7811
UTM
13
WGS84
WGS84
15
30

Grid Cell Size Thermal
Bias Parameter File Name OLI
Bias Parameter File Name TIRS
Calibration Parameter File
RLUT File Name
Center Latitude
Center Longitude
UL Corner Lat
UL Corner Long
UR Corner Lat
UR Corner Long
LL Corner Lat
LL Corner Long
LR Corner Lat
LR Corner Long
Center Latitude dec
Center Longitude dec
UL Corner Lat dec
UL Corner Long dec
UR Corner Lat dec
UR Corner Long dec
LL Corner Lat dec
LL Corner Long dec
LR Corner Lat dec
LR Corner Long dec

30
LO8BPF20130816173433_20130816175111.01
LT8BPF20130816173039_20130816175204.01
LC08CPF_20130701_20130919_01.01
LC08RLUT_20130211_20150302_01_11.h5
37°28'27.91"N
106°39'55.15"W
38°31'32.63"N
107°28'05.23"W
38°07'39.43"N
105°21'06.84"W
36°48'19.15"N
107°57'28.22"W
36°24'30.56"N
105°53'22.45"W
37.47442
-106.66532
38.52573
-107.46812
38.12762
-105.3519
36.80532
-107.95784
36.40849
-105.88957

GloVis provided Metadata for June 16, 2014 Imagery
Landsat Product Identifier
Landsat Scene Identifier
Acquisition Date
Collection Category
Collection Number
WRS Path
WRS Row
Target WRS Path
Target WRS Row
Nadir/Off Nadir
Roll Angle
Date L-1 Generated
Start Time
Stop Time
Station Identifier
Day/Night Indicator
Land Cloud Cover
Scene Cloud Cover
Ground Control Points Model
Ground Control Points Version

LC08_L1TP_034034_20140616_20170305_01_T1
LC80340342014167LGN01
6/16/2014
T1
1
34
34
34
34
NADIR
-0.001
3/5/2017
2014:167:17:43:43.3235900
2014:167:17:44:15.0935860
LGN
DAY
1.44
1.44
415
4

Geometric RMSE Model (meters)

7.433

Geometric RMSE Model X
Geometric RMSE Model Y
Image Quality
Processing Software Version
Sun Elevation L1
Sun Azimuth L1
TIRS SSM Model
Data Type Level-1
Sensor Identifier
Panchromatic Lines
Panchromatic Samples
Reflective Lines
Reflective Samples
Thermal Lines
Thermal Samples
Map Projection Level-1
UTM Zone
Datum
Ellipsoid
Grid Cell Size Panchromatic

5.547
4.948
9
LPGS_2.7.0
67.23954489
122.4095923
ACTUAL
OLI_TIRS_L1TP
OLI_TIRS
15841
15601
7921
7801
7921
7801
UTM
13
WGS84
WGS84
15

Grid Cell Size Reflective
Grid Cell Size Thermal
Bias Parameter File Name OLI
Bias Parameter File Name TIRS
Calibration Parameter File
RLUT File Name
Center Latitude
Center Longitude
UL Corner Lat
UL Corner Long
UR Corner Lat
UR Corner Long
LL Corner Lat
LL Corner Long
LR Corner Lat
LR Corner Long
Center Latitude dec
Center Longitude dec
UL Corner Lat dec
UL Corner Long dec
UR Corner Lat dec
UR Corner Long dec
LL Corner Lat dec
LL Corner Long dec
LR Corner Lat dec
LR Corner Long dec

30
30
LO8BPF20140616172904_20140616175005.01
LT8BPF20140616172510_20140616175058.01
LC08CPF_20140401_20140630_01.01
LC08RLUT_20130211_20150302_01_11.h5
37°28'28.70"N
106°39'15.44"W
38°31'34.25"N
107°27'22.54"W
38°07'39.72"N
105°20'27.56"W
36°48'20.38"N
107°56'48.19"W
36°24'30.49"N
105°52'45.91"W
37.47464
-106.65429
38.52618
-107.45626
38.1277
-105.34099
36.80566
-107.94672
36.40847
-105.87942

GloVis provided Metadata for July 7, 2016 Imagery
Landsat Product Identifier
Landsat Scene Identifier
Acquisition Date
Collection Category
Collection Number
WRS Path
WRS Row
Target WRS Path
Target WRS Row
Nadir/Off Nadir
Roll Angle
Date L-1 Generated
Start Time
Stop Time
Station Identifier
Day/Night Indicator
Land Cloud Cover
Scene Cloud Cover
Ground Control Points Model
Ground Control Points Version

LC08_L1TP_034034_20160707_20170221_01_T1
LC80340342016189LGN01
7/7/2016
T1
1
34
34
34
34
NADIR
-0.001
2/21/2017
2016:189:17:43:54.7449700
2016:189:17:44:26.5149670
LGN
DAY
0.99
0.99
400
4

Geometric RMSE Model (meters)

7.422

Geometric RMSE Model X
Geometric RMSE Model Y
Image Quality
Processing Software Version
Sun Elevation L1
Sun Azimuth L1
TIRS SSM Model
Data Type Level-1
Sensor Identifier
Panchromatic Lines
Panchromatic Samples
Reflective Lines
Reflective Samples
Thermal Lines
Thermal Samples
Map Projection Level-1
UTM Zone
Datum
Ellipsoid
Grid Cell Size Panchromatic

5.505
4.978
9
LPGS_2.7.0
65.94630586
122.4018695
FINAL
OLI_TIRS_L1TP
OLI_TIRS
15861
15601
7931
7801
7931
7801
UTM
13
WGS84
WGS84
15

Grid Cell Size Reflective
Grid Cell Size Thermal

30
30

Bias Parameter File Name OLI

LO8BPF20160707172825_20160707175017.01

Bias Parameter File Name TIRS

LT8BPF20160707085159_20160720111055.01

Calibration Parameter File
RLUT File Name
Center Latitude
Center Longitude
UL Corner Lat
UL Corner Long
UR Corner Lat
UR Corner Long
LL Corner Lat
LL Corner Long
LR Corner Lat
LR Corner Long
Center Latitude dec
Center Longitude dec
UL Corner Lat dec
UL Corner Long dec
UR Corner Lat dec
UR Corner Long dec
LL Corner Lat dec
LL Corner Long dec
LR Corner Lat dec
LR Corner Long dec

LC08CPF_20160701_20160930_01.01
LC08RLUT_20150303_20431231_01_12.h5
37°28'28.85"N
106°39'03.78"W
38°31'34.43"N
107°27'11.38"W
38°07'39.76"N
105°20'15.47"W
36°48'20.63"N
107°56'36.78"W
36°24'30.60"N
105°52'33.56"W
37.47468
-106.65105
38.52623
-107.45316
38.12771
-105.33763
36.80573
-107.94355
36.4085
-105.87599

GloVis provided Metadata for July 2, 2020 Imagery
Landsat Product Identifier
Landsat Scene Identifier
Acquisition Date
Collection Category
Collection Number
WRS Path
WRS Row
Target WRS Path
Target WRS Row
Nadir/Off Nadir
Roll Angle
Date L-1 Generated
Start Time
Stop Time
Station Identifier
Day/Night Indicator
Land Cloud Cover
Scene Cloud Cover
Ground Control Points Model
Ground Control Points Version
Geometric RMSE Model
(meters)
Geometric RMSE Model X
Geometric RMSE Model Y
Image Quality
Processing Software Version
Sun Elevation L1
Sun Azimuth L1
TIRS SSM Model
Data Type Level-1
Sensor Identifier
Panchromatic Lines
Panchromatic Samples
Reflective Lines
Reflective Samples
Thermal Lines
Thermal Samples
Map Projection Level-1
UTM Zone
Datum
Ellipsoid

LC08_L1TP_034034_20200702_20200708_01_T1
LC80340342020184LGN00
7/2/2020
T1
1
34
34
34
34
NADIR
-0.001
7/8/2020
2020:184:17:43:48.1735170
2020:184:17:44:19.9435160
LGN
DAY
11.15
11.15
370
4
7.187
5.728
4.341
9
LPGS_13.1.0
66.39487615
121.8011264
FINAL
OLI_TIRS_L1TP
OLI_TIRS
15861
15601
7931
7801
7931
7801
UTM
13
WGS84
WGS84

Grid Cell Size Panchromatic
Grid Cell Size Reflective
Grid Cell Size Thermal

15
30
30

Bias Parameter File Name OLI

LO8BPF20200702172220_20200702175010.01

Bias Parameter File Name TIRS

LT8BPF20200620120119_20200705170726.01

Calibration Parameter File
RLUT File Name
Center Latitude
Center Longitude
UL Corner Lat
UL Corner Long
UR Corner Lat
UR Corner Long
LL Corner Lat
LL Corner Long
LR Corner Lat
LR Corner Long
Center Latitude dec
Center Longitude dec
UL Corner Lat dec
UL Corner Long dec
UR Corner Lat dec
UR Corner Long dec
LL Corner Lat dec
LL Corner Long dec
LR Corner Lat dec
LR Corner Long dec

LC08CPF_20200701_20200930_01.01
LC08RLUT_20150303_20431231_01_12.h5
37°28'27.41"N
106°39'12.38"W
38°31'33.13"N
107°27'19.04"W
38°07'38.28"N
105°20'24.40"W
36°48'19.15"N
107°56'45.13"W
36°24'28.94"N
105°52'43.18"W
37.47428
-106.65344
38.52587
-107.45529
38.1273
-105.34011
36.80532
-107.94587
36.40804
-105.87866
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