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Downloading Imagery 
 
USGS Earth Explorer was the primary source of imagery obtained for this project. I searched for 
imagery soon after the Kincade Fire was extinguished, between November 2nd and November 
20th, 2019. The circle criteria was used to create a bounding circle, with the centroid near 
Windsor and Healdsburg, CA. 

 
Once the bounding area was in place, I selected the following datasets: 

● Landsat Collection 1 Level-3: Burned Area 
● Landsat Analysis Ready Data (ARD): U.S. Landsat 4-8 ARD 
● Landsat Collection 1 Level-2 (On-Demand): Landsat 8 OLI/TIRS C1 Level-2 
● Landsat Collection 1 Level-1: Landsat 8 OLI/TIRS C1 Level-1 

Since the coverage window was so small I didn’t worry about additional criteria, such as cloud 
cover and cloud shadow. 
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I downloaded an image from November 2nd, 2019 with little to no clouds or smoke and had 
adequate coverage of the Kincade Fire area. From the popup selection, I chose the Surface 
Reflectance data set.  
 
Extracting Imagery 
 
I saved the files from Earth Explorer into a folder on my hard drive and immediately renamed it 
“Landsat8_2019.11.02SurfaceReflectance” and created a new folder with the same name.  

 
I had to do some research on how to use the .tar files, as I hadn’t encountered it before. I found 
out its a type of compressed file that can easily be opened with either WinZip or 7zip. I 



downloaded 7zip and opened the .tar file and took a closer look at everything I downloaded. 

 
I was able to quickly determine which files were imagery bands, which is why I chose Landsat 8. 
For a refresher, I searched for more information regarding Landsat 8 on the USGS website. I 
found the following handy graphic: 

 
I was able to determine I had bands 1-7 based on the files I had downloaded and was missing 
band 8 (panchromatic), band 9 (cirrus), band 10 (TIRS 1), and band 11 (TIRS 2). 
Next, I added all 7 bands in my possession to ArcGIS Pro to get a better look of what I would be 
working with. 
 



Imagery in ArcGIS Pro 
 

 
   I looked at all of the bands individually in Pro then opened the “Composite Bands” 
geoprocessing tool to combine all 7 single-band rasters into a multiband raster.  

 
Here is the output: 



 
A closer look at the result: 

 
 



Clipping the Imagery 
 
From here I needed to clip the imagery down to a more manageable size. I forgot to get 
screenshots of this process.  
 
I created a new polygon feature class and kept all the defaults. I used the new raster as a guide 
and made a rectangle. Then I used the “Raster Clip” geoprocessing tool to limit the extent. 
 
Here’s the output: 

 



 
 
 
 
Band Combinations 
 
Next, I began to play around with different band combinations. I used this website from esri for 
band combinations for Landsat 8: 
https://www.esri.com/arcgis-blog/products/product/imagery/band-combinations-for-landsat-8/ 
Here’s the chart I went off of for the most part: 

 
I also used this website: https://gisgeography.com/landsat-8-bands-combinations/ for band 
combinations.  
 
To start, I changed the image to the “natural color” band combination of 4 (red band), 3 (green 
band), 2 (blue band): 
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This image gave me a better idea of what I was looking at. The dark grey to black, charred 
looking area on the East side was the extent of the Kincade Fire. The area to the West and 
North appeared to be largely forested and the area South of the burn zone is either developed, 
planted, or grassland. There are also areas of standing water, the most predominant area of this 
feature is in the lower left corner.  
 
Next I changed the band combination to the “False Color (urban)” of 5 (red band), 4 (green 
band), and 3 (blue band): 



 
With this band combination, the burned area stands out very clearly from the bright red 
vegetation. This gave me a far better idea of the fire’s extent. The steely-blue color of the 
buildings stand out nicely too. The areas of standing water appear to be almost black while the 
grasslands and planted areas remained a tan color.  
 
Lastly, I gave the “Short-Wave Infrared” band combination a shot, with 7 (red band), 6 (green 
band), and 4 (blue band): 



 
This combination was by far my favorite. The burned area, vegetation, and development all 
stood out from each other and made it easier to determine where the boundaries are. I used this 
image as my basis for classification.  
 
 
 
 



NDVI 
 
In the meantime, I went forward with NDVI. I followed the directions from Canvas and changed 
the band combination to the “classic orange vegetation” of bands 5 (red band), 6 (green band), 
and 4 (blue band).  

 
 



I performed the “Band Arithmetic” within Raster Functions under Math, following the steps within 
the lab with this result: 

 
Next, I used NDVI found in Raster Functions to get this result: 

 
After this, I tried to export this file as a .tif and save it within my folder. These are the parameters 
I used: 



 
For some reason, I’m not able (or have been able) to choose the output format when I export a 
raster within Pro. When ArcMap doesn’t allow me to choose a format, I normally add the 



extension to the end of my file name, like this: sweeney.tif. When I did this in Pro, it didn’t make 
a difference. The only way I was able to export as a .tif was to export the raster a second time. If 
I touched anything within the “Export Raster” on this second run, the output format would 
immediately grey out and I would have to export again before being able to change it. 
 
Once I was able to save my NDVI file, I looked at it in Pro and this was my result: 

 
 
I tried exporting the raster a few more times, playing with the settings (and every time having to 
export it twice to get the format I wanted) and ended up with an all-black raster each time. Since 
I was running out of time at this point, I decided to scrap the NDVI and move forward with image 
classification.  
 
Image Classification 
 
For the first round of image classification, I wanted to see what unsupervised would produce. I 
began with the clipped image from before (classic orange vegetation) and produced a 
segmented image: 



 
I realized later I should have probably used the “Natural Color” band combination. 
 
Next, I used the Image Classification Wizard to give Unsupervised Classification a whirl.  



 
Leaving all of the defaults and choosing “ISO Cluster”. This was the result: 



 
 
Overwhelmed by the result, I attempted a different approach. Instead of unsupervised, I wanted 
to try supervised classification. This time I changed the band combination to 7,6,4 and 
segmented the image. 

 
Next, I created training samples from the segmented image. I started with the default sample 
manager then modified it a bit. I removed some of the original classes and replaced them with 
“Grassland”. I thought it better suited the area. I drew polygons all over the image, being careful 
not to draw them in large swaths. 



In the first attempt I opted to use Maximum Likelihood to see what kind of results were 



generated 

 
This was the result: 



 
This result removed all bodies of water, significantly reduced the size of the burned area, and 
removed all developed areas. I decided to take a different approach.  
Instead, I tried the Support Vector Machine classification. Here were the results: 



 
I immediately knew I would need to reclassify this image, but it was already far better than the 
Maximum Likelihood image.  
 
This was the first round using the Reclassify tool: 



 
 
For some reason, it labelled a very large swath of forest as water. I began by manually 
reclassifying that area as forest...with some errors along the way 

 
And more errors… 



 
 
I attempted to reclassify the large blue area many times but after two edits in the log the tool 
wouldn’t cooperate. I had to save and close down the tool each time I had two edits. It took a 
while, but I eventually reclassified the image until I was satisfied. The burned area was 
surprisingly accurate! 
 
Here is the final reclassified image! 
 

 



Statistics 
 
I knew I wanted to compare percentages of before and after the fire. I was hesitant to do so 
because this is a large area and I did not take the time to clip out the fire extent. 
 
For now, I wanted to focus on the percentage of each class.  
 
I used the “Cell Statistics” geoprocessing tool to put out a sum of cells in each class: 
 

 
 
Then I matched the classes from the CellStats table to the reclassified_2019 table and copied 
the values from CellStats to reclassified_2019 
 

 
 
I added a “Sum” field and calculated the total number of cells and input it into this field. 
 



 
 
Finally, I added a “Percentage” field and used the following in the field calculator: 
Percentage = (!Count! / !Sum!) * 100  
 

 
 
And there it is! The percentage of each class within the image! 
 
Thankfully I was able to find the Kincade Fire extent as a shapefile from this website: 
https://rmgsc.cr.usgs.gov/outgoing/GeoMAC/current_year_fire_data/California/Kincade/ 
 
I added it to Pro just to be sure everything was in order: 

 
 

https://rmgsc.cr.usgs.gov/outgoing/GeoMAC/current_year_fire_data/California/Kincade/


I began with a clip process to see if my attribute table would change automatically (which I 
predict it won’t) or if I’ll have to recalculate those statistics. 
 

 



 
 
I reran the “Cell Statistics” geoprocessing tool as a precaution to compare the results from this 
tool to the attribute table of the clipped layer. 
 



 
 
Thankfully the counts in both feature classes matched! 



 
 
Next I updated the new sum and percentage fields: 
 

 
 
The “Barren/Burned” class went from comprising 5% of the image to 51%. The smaller clipped 
area seems like it is better represented. Although, after clipping my original, natural color 
imagery to the perimeter I disagree with my percentage results. I think the Barren/Burned 
category comprises far more than 51% of the image: 



 
 
I’m pretty bothered by this potentially “inaccurate” number (51%)...so I called for a redo. 
 
 
 



Back to USGS Earth Explorer! 
 
I revisited Earth Explorer to find some imagery that was taken before the fire. I repeated my 
search parameters from before but changed the following: 

● I only searched for Landsat Analysis Ready Data (ARD): U.S. Landsat 4-8 ARD due to 
time constraints 

● My date constraint changed to September 1st, 2019 to September 30th 2019 
 
I found a good candidate from September 15th and downloaded the Surface Reflectance 
dataset and added all 7 bands to Pro for the Composite geoprocessing tool. 

 



 



 
Next, I changed the band order to Natural color and prepared to clip the extent to match the 
Kincade Fire Perimeter 
 



 



 



 
 
Supervised Classification ~ 2 Months Pre Kincade Fire 
 



I began this round of Supervised Classification with the Training Samples Manager. I brought in 
the same classification schema I had used previously and began selecting pixel groups for each 
class. The yellow outline is the perimeter of the Kincade Fire. 
 

 
 
Next, I created Signatures for this clipped dataset so I could use them in my classification. 
 

 
 



I chose Maximum Likelihood this time and entered these parameters. 

 
 



And here are the initial results! 
 

 
 
To quickly and easily compare the values before and after the fire, I needed to generate 
percentages.  
 
First, I added a Sum field (for total pixels) and a Percentage field. Then I used field calculator for 
the rest.  
 



 
Bam! There they are. Note: Barren/Burned wasn’t included in this version, as I couldn’t find any. 
There are bodies of water within the boundary but they are VERY small. 
 



Supervised Classification - Post Kincade Fire 
 
For (hopefully) the final round of Supervised Classification, I began again with training samples. 
I used the same classification schema as before but created new training samples for this 
image. All the steps are the same, the only difference is a different image and new training 
samples. 
 

 
 
Once the training samples were added, I went ahead and created a signature for this particular 
raster, to be used in the supervised classification step. 
 

 



Next, I went with maximum likelihood again to try and get a decent comparison with the before 
and after images. 
 

 
 
And here are the results of the Maximum Likelihood Classification: 



 
 
Lastly, I needed to add a sum field and a percentage field to the attribute table of the after 
image. Then I used the field calculator in both fields. 
 

 

 

 



 
 
 



And here are the final results, side by side (for the attribute tables): 

 

 
 
I added the names of the pixel classes at the end to make the comparison easier.  
 
Results Comparison 
 
Here are the results of Maximum Likelihood before and after the fire, side by side: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
The areas in blue (class value of 10) indicate water (difficult to see because they are very 
small). The areas in pink are developed or buildings (class value of 20). The areas in green 
(class value of 40) indicated forest. The areas in yellow (class value of 50) indicated planted 
areas or agriculture. The areas in orange (class value of 60) indicate areas covered mostly by 
grass. And lastly, the areas in dark red in the after image (class value of 30) indicate the burned 
portions.  
 
Here are the percentage comparisons between the before and after images: 

● Water had no change 
● Developed areas decreased by 1% 
● Forest areas decreased by 17% 
● Planted or agriculture areas decreased by 19% 
● Grassland areas decreased by 16% 
● Burned areas increased by 53% 

 
Looking back, I voted to redo the post burn analysis to see if I could accomplish a better result. 
 
Here was the first round, using Support Vector Machine: 

 
And the second round, using Maximum Likelihood: 

 
 
The results of the Barren/Burned class had very little change from the first round to the second 
round, which surprised me. I definitely thought it would have comprised a far higher percentage 
of the area.  
 
All of the other classes seemed to have significant differences between both rounds, and water 
was missing all together from the first round. The classification for the first one was performed 



on a much larger image, then clipped to the boundary. The water class may have been removed 
during this process.  


