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Summary:  

The Clearwater Beach area in Florida is subject to loss of land within beaches, sand keys, and small islands 
that help slow inner land erosion. To monitor these changes, I will be comparing Landsat imagery from 2013 
and 2021 to show years of change. This will be done by using a simple band ratio within ArcGIS Pro. 

 

Purpose: 

Global warming has caused sea levels to rise at a steady pace and coupled with turbulent storms and water 
flow, the area of Clearwater Beach has undergone loss of land in its sand keys, beaches, and small islands. 
Sand keys and small islands help protect erosion from land within its barriers as beaches provide nesting 
areas for sea turtles and protection from erosion of property owned by citizens and government. Monitoring 
where changes and loss are occurring can help slow the loss of land. 

 

 



Methodology: 

1. Finding data: 

I needed to find images that would be useful for my project that contained Near Infrared in order to properly 
analyze the image with a simple band ratio. I used EarthExplorer (usgs.gov) as my data source and looked 
within Landsat 8 datasets, as this is where I was more likely to find images with more than three bands, and 
the NIR band that I needed. I turned the cloud cover down to 25 or less, I would have liked less but with most 
of the footprint I was covering being water I didn’t want to filter out a good image that had mostly cloud cover 
over the bay and that was still useful. 

2. Reviewing Images for Use 

At first I had a hard time finding data that had the amount of bands that I was looking for. After reading up on 
data sets I found that any landsat data set should contain the band 5 that I was looking for. ( What are the best 
Landsat spectral bands for use in my research? (usgs.gov) ) However I found Landsat 8 to really have what I 
was looking for. I used two surface reflectance images, one from 2013, and another from 2021. Although the 
images appear different they have the bands that would work best for the band mathematics that I would need. 

2021:         2013: 

               

3. Select Raster Functions 

Next, I went to raster functions in Arc GIS Pro under analysis while both images were already added to the 
map.  

 

 

 

 



4. Select Band Arithmetic and input Parameters. 

I chose Band arithmetic under mathematics to run an equation on each raster. I selected each raster 
individually for the raster input, made “User Defined” the option for Method, and input the equation B5/B4 for 
Band Indexes.  B5 is Near Infrared and B4 is Red for Landsat 8.  Water absorbs light and is less reflective, 
where land is reflective. So dark greys and black can be assumed to be water and white can be assumed to be 
land from this equation. 

NIR/Red  = B5/B4 

       

 

 

 

 



5. Compare outputs of both years images. 

Now I could compare the outputs and compare which parts of the beaches and other small land masses had 
been lost in recent years in the area. I also zoomed in on many of the areas, and compared Satellite images to 
get a better idea of what was I was looking at while not in black and white. 

2021:          2013: 

     

2021:     2013:     Satellite: 

        

 



Difficulties: 

There were multiple problems that I encountered through out this project. The first problem that I encountered 
was finding appropriate data for what I wanted to do. Although Many of the images I found had three bands, it 
was hard to find a dataset with seven bands, as I needed the near infrared band to perform the band 
arithmetic. Much of the data that I could find had cloud cover, as it is Florida weather. These images would not 
be suitable. I originally wanted to use 10 years of data, from 2011 to 2021, but a combination of either cloud 
cover or not enough bands prevented that.  

Cloud Cover Sample in 2011:     Lack Of Bands: 

 

          

For the images that I went with I made sure they were both from the same dataset, although at first, I chose an 
image that seemed to be at night, so I had to find once again another. The output did not seem affected, but I 
wanted to be sure the images time frame was more similar, especially as reflectance images. 

Once I had the images that I needed everything was fairly simple and it was a matter of determining what I was 
viewing and why shores may have eroded or disappeared. 

 

 

 

 

 

 

 

 

 

 

 

 



Output Interpretations: 

General Study Area 

Clearwater Beach Area 

2021:    2013:                Satellite for Comparison: 

       

This is the general study area of which I was focused. I can see here that the band calculation does not pick up 
on shallower waters along the coast, although it has picked up on the cloud in the gulf in the image from 2013 
so that was somehting to watch out for. To better evaluate loss and change in shorelines I had to take multiple 
looks closer up and compare. 

 

 

 

 

North of Clearwater Beach – Anclote Key State Preserve Park and other Keys 

The northern section of the study area contains Anclote Key State Park. These keys are only accesible by 
boat, and not by car. Also, as a preserve it isn’t used for public beach access in general, and is meant to 
preserve local wildlife. The areas to pay closeest attention to here are the keys, the inner shore and the mouth 
of the stream. 



2021:        2013:   

     

    

The image on the right has more mass within the key and more connections of the white masses within the 
image, meaning there was more land on this key in 2013. Much smaller islands to the right of the key have 
also gone under water from the right photo to the left. 

 

 

 

 



2021:        2013:  

  

I wasn’t sure at first look of this image, on whether the line coming out of the river was a boat. The infrared 
would pick up on the absorption whether the water was being moved or not however, the path is the same from 
2013 to 2021, and upon reviewing a satellite image I found that this was a chain of land within the middle of the 
river. Much of that land has gone under water as the image from 2013 to 2021 has less white and more dark 
and black implying more absorption than reflection and therefore more water by comparing images. 

  

This image is of a key that has been broken in half and lost much reflective properties. This key is not visited 
by people often and likely is not kept up, although it serves as protection to the inner shoreline should a surge 
or storm occur in the area. This area is the most noticable land loss in the entire general region. 



Honeymoon Island State Park, Clearwater Beach, Sand Key Park, and Other Most Popular Beach 
Areas within Clearwater Area 

2021:        2013:  

   

The trend I see the most within the images is that popular beach areas and areas with homes built upon them 
are that less land is loss which is likely due to up keep, sand being replenished, and beach grass being 
maintained to prevent erosion. This area contains the most popular beaches within the general map area, and 
they tend to lose much less land, although there is still some land loss. 

  

The upper key linked by land is Honeymoon Island and the lower is Clearwater Beach. The thickness of each 
beach has diminished, with Clearwater beach being less diminished and the most popular beach of the area. 
Because these keys have been kept up with the inner shorelines have also experienced less erosion. There 
are some small islands behind Clearwater Beach that have gone under as there is no longer reflective qualities 
in the area of the 2021 photos when there were in 2013. 



St. Pete Beach Areas 

Areas beneath Clearwater Beach, to the west of St. Petersburg are generally built up with hotels, tourist 
vacation areas, and private property. These areas are of course up kept and sometimes even gain land with 
sand being brought out to account for loss of land. Much less shoreline appears to be lost here as the 
thickness appears to be relatively the same with the reflective surfaces. 

     

Conclusions & Inferences: 

If and when appropriate data is found simple band arithmetic is a simple and manageleable way to study and 
view shore loss along coastal regions. With this example I can see that more popular areas in this region are 
maintained and the nearby areas that are maintained have a better chance at withstanding erosion as well. I 
did expect there to be shore loss as sea levels have risen and I have seen beach loss in person, I just was 
unsure of the extent. 

 

Process Learned 

I learned much about bands and what each was useful for within this project. I also learned about shoreline 
loss and how to observe it through image processing. The infrared is reliable and even when I think that there 
may be a boat or some other interference, this band arithmitec is sutiable and I do not have to worry too much 
about it. 
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