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INTRODUCTION

INTRODUCTION 
Plants and algae are important components of aquatic ecosystems. Plants not only provide 
food and habitat for all aquatic organisms, but they can also be efficient biological filters by 
absorbing and cycling pollutants and nutrients in the water. Alga are also important food 
sources for micro-organisms such as plankton, which in turn become food for other larger 
organisms and eventually the energy is transferred up the food chain to fish and other 
larger animals which rely on aquatic sources of energy. 

Monitoring both algae and plants is not only important to assess their role in aquatic 
productivity, but is also important to detect harmful impacts such as from invasive, non-
native species. Ecosystems achieve stability through time as long as things like, 
environmental impacts, climate and species composition remain within the tolerable bounds 
of each ecosystem. However, if this long-term balance is permanently disrupted and 
changed, it can have long term consequences such as, loss of species, degradation of 
habitat or an unbalance of available energy in the ecosystem. 

The Charlie Lake Conservation Society (CLCS) was formed with a mission to promote the 
wise use of the lake and its watershed, and hopefully prevent the harmful changes 
mentioned above. Our society has carried out a number of monitoring programs for algae 
and aquatic plants in Charlie Lake (Baccante and Kosugi 2014; Baccante 2017; Kosugi 
2023). These projects were done using traditional sampling methods to qualify and quantify 
algal and aquatic plant abundance and species composition. These traditional methods can 
provide accurate measurements of various parameters, however are limited by sampling 
frequency, and cost of analysis. Given the very large variations in algal densities throughout 
the growing season, and extent of aquatic plant densities, it would be prohibitively costly in 
both financial and human resources to collect enough data to properly describe the range 
in densities throughout the summer. This manuscript explores how satellite images can be 
used to quantify relative abundance of aquatic plants and algae in Charlie Lake, during the 
growing season. This method is not meant to replace more accurate sampling programs in 
the field, but hopefully it can complement them, and increase our understanding of algae 
and aquatic plant dynamics in Charlie and other lakes by looking at them at a broader 
scale. 

One method that appears to be quite useful in quantifying alga and plants on water bodies, 
and monitoring of many other environmental parameters, is the use of satellite images. 
Satellites from the SENTINEL-2 mission are being used for this purpose. This webpage 
https://registry.opendata.aws/sentinel-2/ provides this description of the mission:  
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“The Sentinel-2 mission is a land monitoring constellation of two satellites that 
provide high resolution optical imagery and provide continuity for the current SPOT 
and Landsat missions. The mission provides a global coverage of the Earth's land 
surface every 5 days, making the data of great use in on-going studies. L1C data are 
available from June 2015 globally. L2A data are available from November 2016 over 
Europe region and globally since January 2017.” 

More specifically, SENTINEL-2 satellites collect data utilized for services such as: 

• Land monitoring (agriculture and forestry) 
• Emergency management (humanitarian relief) 
• Security concerns (risk mapping) 
• Climate change 
• Marine monitoring 

Because these satellites have a high revisit frequency of sites, it makes them highly 
suitable to document environmental changes at a fine time scale. For example, I found out 
that locally, people share up-to-date online information such as ice cover conditions on 
lakes to plan outdoor activities such as ice fishing. They often include images of the ice 
conditions as captured by the SENTINEL-2 satellites. A good summary of the capabilities of 
SENTINEL-2 is found here:  

https://www.sentinel-hub.com/docs/Sentinel_HUB_Brochure_2019_NEW.pdf 

The wide-availability of all the data from the SENTINEL program to users around the globe, 
encourages sharing of user-developed methodology for a variety of purposes. Satellites 
collect a wealth of information along with the images. Satellites from the SENTINEL-2 
program record data from the Super High Frequency (SHF) portion of the ElectroMagnetic 
spectrum. The colour bands within these frequencies can then be used to describe and 
measure the various objects captured in the satellite photos. Users around the world have 
developed programming scripts that can analyze the spectral information in the images and 
extract data from the images. 
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Figure 1 is a graphical representation of the range of environmental monitoring that user-
programmed scripts are being used to detect a range of parameters and how they are 
changing through time. 

User-developed programming scripts to extract data from SENTINEL satellite images, are 
available here: https://custom-scripts.sentinel-hub.com/custom-scripts/ 

Figure 1: Monitoring themes that are covered by the SENTINEL satellite programs. 
From: https://pin-library.sentinel-hub.com/  

Browsing through the user-developed programming scripts, I found the following script: 
Aquatic Plants and Algae Custom Script Detector (APA Script). 
This script can be found here: 

https://custom-scripts.sentinel-hub.com/sentinel-2/apa_script/# 
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Its description reads: 

“The script allows to highlight aquatic plants and algae in lakes and lagoons. 
Applying the script, vegetation and algae in the water is displayed from turquoise 
colour to bright green and denser vegetation cover in bright yellow. The presented 
script is globally applicable to water bodies all over the world.” 

Needless to say, because of the CLCS interest in monitoring algae and aquatic plants in 
Charlie Lake, I became very interested on how this script worked and if and how it could be 
used for quantifying algae and aquatic plants in Charlie Lake. 

The examples provided by the authors looked very relevant to our needs. A very good 
explanation and summary of those examples is provided here: 

https://custom-scripts.sentinel-hub.com/sentinel-2/apa_script/# 

I encourage the reader to look at the above webpage to learn more about this script and 
how it has been used. One added bonus when using the APA Script is that, besides 
showing area of algal and aquatic plants concentrations on the water surface, it also shows 
sediment concentrations on the water surface. Turbidity of water is highly correlated to 
sediment input and given that the Charlie Lake watershed is highly impacted by human 
development, about 80 percent of the watershed is classified as private land (French and 
Carmichael 1999; my GIS analysis), these data can also be used to quantify sediment input 
into the lake. 

Find out more about the network of Copernicus Data Space Ecosystem and Sentinel here: 
https://www.youtube.com/watch?v=Am93Xi0PZ5o 
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METHODS 
Satellite imagery used for this project is available through the EO Browser at this page: 

https://www.sentinel-hub.com/explore/eobrowser/ 
The EO Browser allows the user to search for full resolution images for the area of interest. 
It also allows to narrow your search by time range and cloud coverage, so you can exclude 
images where cloud cover can make analysis impossible. You are prompted to create an 
account which is free for most basic functions. More advanced features require a paid 
account. 

When first opening the EO Browser, you get the welcome screen shown in Figure 2. As a 
first time user you are given the opportunity to follow a tutorial, and if you’re not familiar with 
GIS-like interface, I recommend it 

Figure 2: Welcome screen when starting the EO Browser. 

There are a number of data sources (satellites) listed in the Search window, and for this 
project I selected the SENTINEL-2 satellite, because it contains the data of interest. After 
logging in, I entered “Charlie Lake, BC” in the search window, and the software’s auto-fill 
feature selected the location and the map centred itself over Charlie Lake. I then zoomed 
out to the full extent of the lake. 
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The search box also contains a feature to select date ranges to narrow the results to the 
time of year of interest. I recommend that only a relatively small time span is selected, such 
as one or two months. This makes browsing through the results more manageable. 
Satellite images for the specified location and dates will be listed in the results on the left-
hand side of the window. You can browse through the images for each date one at the time. 
As mentioned before, SENTINEL-2 satellites have a high revisit rate so on average there’s 
a new image available every two to three days. This is great because there can be many 
instances where cloud cover is too dense to make the image of any use. 

The default view for each image is the True Color Composite. The description of what this 
means is given in the browser as: 

“Sensors carried by satellites can image Earth in different regions of the 
electromagnetic spectrum. Each region in the spectrum is referred to as a band. 
Sentinel-2 has 13 bands. True color composite uses visible light bands red, green 
and blue in the corresponding red, green and blue color channels, resulting in a 
natural colored product, that is a good representation of the Earth as humans would 
see it naturally.” 

There are about ten more visualizations available based on other bands from the light 
spectrum, each for specific purposes. The True Color Composite is a good starting point to 
visualize the location, cloud cover and zoom extent. However, the one we’re interested in is 
at the bottom of the list, it’s called CUSTOM and it allows us to enter the Aquatic Plants and 
Algae Custom Script Detector (APA Script). After selecting CUSTOM, a new window is 
opened and we select the Custom Script option, which opens another window that contains 
a default script. A script is essentially a set of programming instructions and calculations to 
manipulate the bands of colour from the satellite images to highlight specific features in the 
images.  

In our case we want to copy and paste the APA Script and overwrite the default script that 
is in the Custom window. So we navigate to the page where the APA Script is: 

https://custom-scripts.sentinel-hub.com/sentinel-2/apa_script/# 

We then click on the “Show” script link on this page (it also gives an option to download it). 
Once the script is revealed, it can be easily copied by selecting all its text, and then pasted 
into the Custom window mentioned above. Once the script is pasted, then we click on the 
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button “Refresh Evalscript”. This will apply all the calculations in the APA Script to the 
current satellite image that’s displayed in the EO Browser. 

The parameters in the APA Script use a combination of calculations to highlight colours in 
the spectral band. As described by the authors of the script: 

“Within the bodies of water, areas with vegetation or algae on the surface are 
distinguished: turquoise indicate a lower density than green or yellow colours, which 
means medium and high density areas respectively. In a second order of results, 
turbid water is also identified by the set of indices presented in the script and, thus, 
these areas with a large amount of sediment in suspension are painted in brown and 
red to purple colours.” 

An example of applying the APA Script to a satellite image is shown in Figure 3. 

Figure 3: Image of Charlie Lake, BC, taken from a SENTINEL-2 satellite on May 30,  
2022 with the application of the Aquatic Plants and Algae Custom Script 
Detector (APA Script). Algae are just starting to show up, represented by green 
patches on the lake. Of significance in this image is the amounts of sediment 
coming into the north end of Charlie Lake, as well as in the Peace River (lower 
left) and the Beatton River (lower right) shown in shades of red and brown. As 
it turns out, meteorological records from Environment Canada indicate there 
was a significant rainfall, almost 45 mm, on May 28, 2022. 
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After applying the APA script, the image can be downloaded directly from the EO Browser. 
After downloading the processed image, the next step was to try and find a way to quantify 
the amount of green in the image. This would be very useful in determining the relative 
amount of both algae and plant blooms in the image, and it would also provide a way to 
describe how that amount changes over time.  

The main colours that the APA script highlights are mostly in the red, green and blue hues. 
Therefore, if we could measure the amounts of these colours in the image, then we can use 
those values as surrogates of abundance for algae and aquatic plants in the water. 

One tool that showed great promise is the open-source software Image-J, or as it is also 
known now, Fiji. It can be downloaded from here: https://fiji.sc/ 
I have used Fiji many times before, and it is a powerful and feature-rich image analysis 
software, despite being open-source and free. It is widely used in labs around the world, 
and it is well-supported by user forums and tutorials. I highly recommend this software for 
processing and analyzing images. I will now describe how I used it here. A good summary 
of the capabilities of Fiji is provided by Shindelin et. al. (2012). 

Fiji has a fairly simple-looking interface, but don’t let that fool you. Menus are very 
extensive, and being open-source, there are new macros and extensions developed by 
users very frequently. Fiji handles all digital image types, and the images I downloaded 
from the EO Browser are .JPG, a very common type. 

Figure 3 shows the image I downloaded but before importing it into Fiji I wanted to isolate 
the lake so that the colour analysis would only be performed on the lake image, and not the 
surrounding landscape. Once the image is imported into Fiji, I used the Polygon selection 
tool to trace the outline of the lake. Once the lake is selected, then I used the “Edit > Clear 
Outside” menu item to delete that part of the image. Having isolated the lake, we can now 
use the “Analyze > Color Histogram” command which will return a graph and a table of 
RGB values measured by the software. These results are shown in Figure 4. 
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Figure 4: Screenshot from Fiji software showing Charlie Lake selected and isolated  
from the background. Also shown are the RGB values and histogram. 

The values that are of interest to us are in the Results table. It shows mean values for each 
RGB channel, about 13 for Red, 35 for Green and 90 for Blue. Green is the one of interest 
in this case because the APA Script uses green to represent area where algae and aquatic 
plants have been detected, and Fiji gives us the average value measured for the lake. 
Therefore, by measuring these values in each of the images that we download over a 
specified period of time, we have a quantification of the amounts of algae and aquatic 
plants in Charlie Lake, measured on a relative scale of abundance. The mean values for 
each colour were converted to percentage of the total. The percent of green for each image 
analyzed was then plotted over time. The resulting graph provides a good visualization of 
the relative abundance of alga and plants from the start to the finish of the growing season. 

Now that we have an understanding of the methodology used to capture and analyze the 
satellite images, I will describe the time frame that I used to select and download the 
images. I had initially only looked at the images for the year 2021. This gave me an 
opportunity to test the methodology and familiarize myself with the software and variation in 
satellite image data quality. Once I refined the methodology and became more efficient at 
processing the images and analyzing the data, I decided to also use the data from the year 
2022, and as an additional test of the capabilities. I analyzed data from Swan Lake, BC. 
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Swan Lake is located about 120 km south of Charlie Lake, it is about one-third (6 sq. km.) 
in area than Charlie (18 sq. km.), but similar in its composition of fish and ecosystem 
components. They are both surrounded by developed land and both produce significant 
algal and plant blooms during the growing season. 

As I mentioned before, I chose satellite images that had zero or very negligible cloud cover 
that might interfere with the analysis. Some images were also prone to artifacts created by 
the APA Script. We have to remember that the script uses combinations of correction 
factors such as moisture content, light and other parameters, and these corrections are 
based on models. So it is perfectly normal to expect such artifacts that could not be easily 
explained or accounted for. In these cases I would just discard the image, and because of 
the large number of images available from SENTINEL-2, this was not a concern. 

The number of images I used in this project are summarized in Table 1. Notice that the 
number of images used for quantification is sometimes less than the number analyzed with 
the script. This is due to the factors mentioned in the previous paragraph. 

Table 1: Summary of the number of images used for Charlie and Swan lakes. 

Lake and 
Year

Date range for data 
points

# of Images where 
APA Script was used

# of data points

Charlie 
2021

Jun. 19 - Oct. 27 9 9

Charlie 
2022

May 20 - Oct. 20 28 15

Swan 2022 Jun. 7 - Oct. 20 20 20
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RESULTS 

Images utilized to calculate the percent of green colour, as a representation of alga and 
plant abundance ranged in date from May 7 to October 20, for Charlie Lake in 2021 and 
2022 and Swan Lake in 2022. The results are summarized in Table 2 and Figure 5. 

Table 2: Relative amount of green colour calculated in images of Charlie and Swan  
lakes for each indicated date. 

Date Charlie 2021 Charlie 2022 Swan 2022
May-07 2%
May-20 7%
May-30 19%
Jun-12 3%
Jun-14 20%
Jun-19 19%
Jun-22 9%
Jun-27 26%
Jul-02 24%
Jul-04 18%
Jul-07 51%
Jul-09 31%
Jul-14 51%
Jul-17 62% 42%
Jul-22 68% 50%
Jul-24 64%
Jul-27 24%
Jul-29 68%

Aug-01 64%
Aug-06 60% 63%
Aug-08 63%
Aug-11 64%
Aug-13 57%
Aug-16 58%
Aug-18 57%
Aug-21 59%
Aug-26 57% 55%
Aug-31 54%
Sep-02 41%
Sep-10 37% 45%
Sep-12 55% 51%
Sep-27 7%
Sep-30 50%
Oct-07 43%
Oct-17 38% 23%
Oct-20 47% 10%
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Figure 5: Plot of data from Table 2 showing the relative abundance of algae and  
plants expressed as a percentage of green colour calculated from satellite 
images of Charlie and Swan lakes. 

To help visualize what a certain percentage of green in an image might look like, I’ve 
included a few examples from Charlie Lake taken in 2021 in Figure 6. It is important to 
remember that these are not images of what the lake actually looks like from space, rather 
it is an image that has been processed with the APA Script and results in a representation 
of algal and aquatic plant occurrences based on the amount of green colour. The relative 
amount of the green colour was then measured as a percentage of the RGB spectrum. 
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Figure 6: Images from four dates in 2021 showing green as a percentage of the RGB  
spectrum, representing the relative abundance of algae and aquatic plants in 
Charlie Lake. 
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Figure 5 suggests that the seasonal pattern of algae and aquatic plant blooms, as 
measured by the methods described in this paper, is fairly similar for Charlie Lake for the 
years 2021 and 2022 and also for Swan Lake in 2022.  

Blooms begin to be detected during the month of May. They increase steadily and quickly 
during June and peak around the end of July. The decline rate from the peak to low 
densities in October appears more gradual then the increasing rate observed in June. 
Using the data in Figure 5, the rate of increase of alga and plant densities averages about 
9% per day between May 1 and July 31, then decreases about 2% per day from August 1 
to October 31. This is an average from 2021 and 2022 in Charlie Lake and Swan Lake in 
2022. Based on these numbers algae and aquatic plants increase about 4.5 times faster 
than they decrease. 
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DISCUSSION 

The ability to extract data from satellite images appears to have increased by orders of 
magnitude in recent years. It likely will continue to do so as technology improves. 
Traditionally satellite images were only available to the agencies who sent satellites in 
space, such as NASA. As the number of agencies launching satellites has increased and 
computing power has expanded to the point where is available to most people, it is 
amazing what is currently available to the public, for free. Satellites are being used not only 
for their traditional role of gathering intelligence for the military, but they now are a valuable 
and efficient way for remote sensing and monitoring environmental parameters. The 
example provided in this paper is one of many similar applications. 

The SENTINEL-2 program currently consists of two satellites, with two additional ones 
being planned for launch in 2024. This will essentially cut the revisit frequency by half of the 
current rate, likely doubling the available images. The following page gives more detail 
about this program, which is available through the portal of the European Space Agency, 
and it lists the many examples of how these satellites are being used for environmental 
monitoring. (https://gisgeography.com/sentinel-2-bands-combinations/). Figure 7 shows 
examples of how the APA Script used in Charlie and Swan lakes has been used in other 
areas around the world. This method shows great potential for large scale monitoring of 
aquatic ecosystem. 

The results in this paper are very encouraging to continue monitoring the distribution and 
relative abundance of algae and aquatic plants in Charlie, Swan, and other lakes where this  
is of interest. It is also important to recognize that these methods are not meant to replace 
traditional field sampling, which can obviously provide accurate levels of algae 
concentrations, however, field sampling has its own disadvantages. Algae blooms can 
occur very quickly and difficult to predict their timing. Unless there’s an extensive sampling 
program, in terms of sampling frequency and over large portions of the lake, it would be 
impossible to draw useful conclusion about the dynamics of algae in a relatively large lake 
such as Charlie. For example, in the recent report by Kosugi (2023) he reports cell counts 
of Cyanobacteria ranged from 30 to 2,370 per ml. in 2022, and a high of 25,770 per ml. in 
2021. These numbers represent about a three order-of-magnitude range. To determine if 
these large ranges are representative of the real concentration or artifacts of daily 
fluctuations, the sampling intensity would need to be increased accordingly, based on the 
observed variance of the data. This would entail a prohibitively high effort and expensive 
lab analysis beyond the capacity of our volunteer-driven CLCS. 
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Figure 7: Examples of how the APA Script used in this paper, was used in other  
locations around the world. (https://custom-scripts.sentinel-hub.com/
sentinel-2/apa_script/#). 
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Kosugi (2023) also report Chlorophyll_a concentrations ranged from 2.2 to 8 µg/litre in 
2022 and 13 µg/litre in 2021. French and Carmichael (1999), with more intense sampling 
and available data, reported mean Chlorophyll_a concentration in Charlie Lake ranging 
from less than 10 in early spring, to around 70 µg/litre in late fall. However, during its peak 
in August it ranged from about 20 to almost 300 µg/litre. The authors have also shown how 
other parameters, such as temperature, total phosphorous and total dissolved phosphorous 
directly impact Chlorophyll_a concentrations. These complex interactions make it difficult to 
draw meaningful conclusions based on a limited sampling program. These considerations 
make remote sensing methods such as the ones used here, more appealing, at least at the 
scale they are meant to be used at. 

Monitoring aquatic plants is in some ways more challenging than sampling algae. Aquatic 
plants are not evident until they become floating and visible to lake users. Some plants will 
remain submerged throughout the growing season, but they serve the same function as 
floating plants. This makes a sampling program to determine abundance and extent of 
aquatic plants very difficult and biased towards visibility.  

We have attempted at quantifying at least the extent of visible aquatic plants in Charlie 
Lake on two separate occasions (Baccante and Kosugi, 2014; Baccante 2017). In both 
instances a boat was used to navigate slowly around the total perimeter of Charlie Lake, 
trying to follow the outer edge of floating vegetation, and used a GPS to map this edge. 
These were not attempts at quantifying biomass, rather, establishing reference points that 
could serve for comparing results from future surveys. Any sampling programs aimed at 
collecting detailed species and biomass data, over a period of time, would again be beyond 
the objectives and capabilities of the CLCS. More detailed algal and aquatic plant surveys 
are not only more suited to, but also within the responsibility of environmental agencies of 
the Provincial government. 
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CONCLUSION 

The use of satellite imagery to quantify relative abundance of algae and aquatic plants 
appears to work very well, using data for Charlie and Swan lakes. Given the prohibitive 
human effort and financial costs needed to collect detailed data through a field sampling 
program, makes this method appealing.  

An additional advantage of using the APA Script is that it also very good at detecting 
suspended sediment concentrations. This makes it appealing in highly developed 
watersheds such as Charlie and Swan lakes. French and Carmichael (1999) provided a 
very thorough and detailed analysis of how lack of nutrient controls at the watershed level 
can result in direct nutrient loading in Charlie Lake. Charlie Lake has a significant number 
of residents particularly along its southern half, and alga and aquatic plants have 
historically dominated all public discussions pertaining to recreational activities in the lake. 

The Charlie Lake Conservation Society was formed around 1996, and one of its main 
objectives has been to promote stewardship of the lake and its watershed. The CLCS has 
done this through many meetings, activities, workshops, etc. Because Charlie Lake is a 
naturally eutrophic lake, the CLCS has encouraged activities that minimize anthropogenic 
nutrient inputs, which contribute to algal and plant blooms. 

Following up on the excellent recommendations by French and Carmichael (1999), it might 
be wise to consider fecal coliform testing on a regular basis, rather than algal testing. 
Because of their highly visual characteristics, algal and plant blooms have dominated the 
discussion around water quality and safety. However, fecal coliform has long been the 
standard to detect the presence of these harmful bacteria. Tests for these bacteria are 
cheap, reliable and rapid (1-day incubation). Historically, the lack of sewage management 
around Charlie Lake meant that undesirable waste water entered the lake. At one time 
Charlie Lake also served as the water supply for Fort St John, so understandably this was 
of utmost importance. Charlie Lake no longer is the water supply for the city, so most 
concerns are mainly based on recreational aspects. Northern Health, a BC Provincial 
government organization, is responsible for any water testing concerning human health 
concerns, but we are not aware of any regular water testing of Charlie Lake by them, for 
fecal coliform or any other parameter. 
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