UAS/GIS Applications and Career Pathways
Lesson Plan 2

.

Title of Lesson

Passive Sensors and the Algal Bloom Problem

Time Required

50 minutes

Materials

Appendix A: Toxic Algal Blooms Image
Appendix B: Storyboard for Algal Bloom
Appendix C: Description of Study Area
Appendix D: Image of Satellite used to collect data on algal blooms
Appendix E: Images of blooms from 2002-2011
Appendix F: Algal Blooms and Basin Boundaries (Student Activity/Solution)
Appendix G: Categorizing Extent of Annual Algal Blooms (Student Activity/Solution)
Appendix H: Maumee Watershed Land Cover
Appendix I: Key Vocabulary
Computer (for Instructor) recommended
Projector
Video 1: “What is Remote Sensing?” Accessed at
https://www.youtube.com/watch?v=xIsUP1Ds5Pg
Video 2: “How can the Great Lakes recover from agricultural runoff and toxic algae blooms?”
Accessed at: https://www.youtube.com/watch?v=b6JzL4NG26k

______________________________________
Objectives

Students will consider how remote sensing technologies can be used to study an
environmental problem by:
-exploring the problem of algal blooms in Maumee Bay
-comparing the extent of the algal blooms over time
-Identify connection between land cover and algal blooms

Essential Questions
Overarching: How can we use remote sensing to understand scientific processes in the world around us?
Lesson Specific: How can remote sensing data help us better understand the algal blooms in the Maumee Bay?

Standards
Environmental Science: Earth’s Resources: Quantifiable field and/or lab data must be used to analyze and draw
conclusions regarding air, water or land quality.
World Geography: Spatial Thinking and Skills 2: Geographic representations and geospatial technologies are
used to investigate, analyze and communicate the results of geographic problem solving.
World Geography: Environment and Society 3: Human modifications of the physical environment in one place
often lead to changes in other places.
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Instructional Process
1. Show introductory video 1 “What is Remote Sensing?” (4:20 minutes). Note that this is the same video shown in
Lesson 1. It is a good video to remind students about overall concepts if some time has passed since Lesson 1 or
if you are beginning at Lesson 2.
2. Discuss the difference between passive and active sensors. Instructor can review explanation at
http://grindgis.com/remote-sensing/active-and-passive-remote-sensing
3. Now we will apply this technology to a specific case study. In this instance, we use technology (passive sensors)
to better understand an environmental problem – algal blooms in Maumee River Watershed in Ohio.
4. Show photos of the Algal bloom to provide students a sense of what algae looks like (See Appendix A). Students
can use the Vocabulary Key to identify the different features of the image.
5. Show video 2 (6:20 minutes): “How can the great lakes recover from agricultural runoff and toxic algae
blooms?” Optional, a graphic organizer shows how agriculture run-off results in algal blooms. This could also
be shown as a summary after step 6.
6. Based on information from the video on toxic algae blooms, ask students: What are conditions that create an
environment conducive to algae blooms? Discuss. Note responses on board. Possible answers: Excess
nitrates, phosphorus from runoff, agriculture overflows, and urban development.
7. Describe the study area of the Maumee Watershed (See appendix C). The study area is located in northwestern
Ohio near the City of Toledo and the Maumee Watershed empties into Lake Erie. You can see in the second
image (Western Lake Erie Basin major Watersheds) that the Maumee Watershed is only one of several emptying
into Lake Erie).
8. Show photo of a satellite used to collect information about the Algal bloom (See appendix D). In this case the
images that we are going to explore are captured by one of the many satellites orbiting our earth. This satellite
is named the Aqua Satellite seen in the first image. The second image is of Lake Erie and was taken in 2011 by
the Aqua Satellite. Have the students discuss what they are seeing in the image.
9. Show images of blooms taken from 2002-2011 (Appendix E). These images are taken by the Aqua Satellite at
the end of the summer in consecutive years.
10. Divide students into teams consisting of 3-4 students. Each team will work together to complete two student
activities which are based on the images in Appendix F.
11. For the first activity, each team should determine which years that the algal blossoms are found outside of the
basin boundary using the table found in Appendix E: Algal Blooms and Basin Boundary. Discuss and provide
solution.
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12. For the second activity, each team should group the algae bloom images into three categories according to the
amount of algal blooms observed each year --- low, medium, or high years – using Appendix G. Ask students to
record the process they used to determine how to place each image into which category. Discuss team
solutions as a class.
13. Wrap up as a class - Ask students what other data might you collect about the algal blooms that might help to
understand the problem and potentially move toward possible solutions? Possible answers: nitrate and
phosphorus runoff, number and size of farms, location of power plants (use water to cool down which increase
temperature of released water), location of water intake (in Lake Erie), urban development overtime
(impervious surfaces increase heat and runoff). (See Appendix H for map of land cover in the Maumee
Watershed).
UAS Connection:
Using drones to limit fertilizer flow into Lake Erie https://www.youtube.com/watch?v=uderLDWg1GY
(8 minutes)
Careers related to lesson, include: Aerial Sensing Data Analyst in Precision Agriculture, Environmental
Scientist (water science).

Further Discussion:
1. We know that algal bloom growth is conducive in waters with high levels of nitrates and phosphates. Identify
possible sources of nitrates and phosphates that end up in the Maumee drainage system. What kind of
information/data would be helpful in trying to identify the source of nitrates?
Possible discussion: maps of farmland particularly overtime, increases in urban sprawl, growth of large scale
commercial farms, reduction of wetlands and forests.
2. Studies have shown that algal bloom increase as water temperatures increase. What spatial information might help
you pinpoint the source of increasing water temperatures?
Possible discussion: Students should be encouraged to think about how to map changes in water temperatures
over time. Things to think about: climate change, power plants (fossil fuels), and increase in urban development
(and sprawl).
3. Algae blooms have had an effect on the environment and economics of the region (drinking water, recreation,
habitat). Goodin (2017) has conducted a study of the stress that algal blooms have had on turtles. Can your team
come up with potential examples of research that you might conduct involving the effects of algae?
Potential discussion: Identify water intakes in Lake Erie to determine water contamination risk (include population
at risk); identify other mammals at risk when exposed to water contaminates.
4. What is the potential impact of this technology (satellite and sensors) on society and the environment? (Society and
Technology Learning Standard (Topic 3). Can your team think of environmental problems that might benefit from
using this type of technology?
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5. One way to extend this lesson is to supplement the activities with other data, including: temperature and rainfall for
related years.

For the instructor: What kinds of events affect the watershed and its habitat?
1. Habitat in the watershed is impacted by sedimentation, loss of wetland and riparian
(sprawl and development) , and stream modification due to agricultural production
upstream. (US Army Corps of Engineers Buffalo District 2009)
2. Upper watershed has been converted to farmland which means that forest cover has
been lost. Only scattered woodlots and small river/stream corridors remain. In this
watershed, approximately 85% of the land is used for agriculture. This has led to high
nitrate levels (as well as high bacteria counts, nutrients, pesticides and so forth). (US
Army Corps of Engineers Buffalo District 2009)

3. Wetlands in the lower watershed have been lost due to development (sprawl).
Problems related to development include higher presence of impervious surfaces and
reductions in filtration which can result in flooding, stream bank erosion, concentration
of pollutants (which result in runoff). (US Army Corps of Engineers Buffalo District 2009)
4. Changes in watershed has led to an increase in species threatened and endangered in
the watershed (for example, Karner blue butterfly, Indiana bat and Piping Plover are
endangered). (US Army Corps of Engineers Buffalo District 2009)
5. Climate change is also a factor as an increase in precipitation increases runoff. (Kowalski
2016).

6. Greenhouse emissions from fossil fuel power plants as they use lake water for cooling
and then release it back to the lake in the form of warmer water. (Kowalski 2016).
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Appendix A: Toxic Algal Bloom Images

Photo of a 2009 algal bloom on the southeast shore of Pelee Island, Ontario. Photo credit: Tom Archer
Source: https://landsat.gsfc.nasa.gov/how-satellite-data-led-to-a-breakthrough-for-lake-erie-toxic-algal-blooms/

Researcher Jeffrey Reutter reaches into water affected by an algae bloom at a laboratory on Lake Erie.
Scientists say fossil-fuel plants are contributing to the rise in algal blooms. Source: Kowalski 2016. Midwest
Energy News.
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Appendix B: Graphic Organizer for Video 2

Source: Jbertram17 (2017, Nov 8) Eutrophication.
http://www.storyboardthat.com/storyboards/jbertram17/eutrophication
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Appendix C: Description of Study Area

Source: US Army Corps of Engineers Buffalo District. 2009 P. 1

Source: US Army Corps of Engineers Buffalo District. 2009 p. 125
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Appendix D: Image of Satellite used to collect data on algal blooms
Satellite image of algal blooms using a medium-spectral resolution imaging spectrometer (a passive sensor). (see
https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/envisat/instruments/meris)

Source: Artist rendering of Aqua Satellite. https://earthobservatory.nasa.gov/IOTD/view.php?id=2421

Source:

Satellite image of 2011 bloom, the worst bloom in recent years, which impacted over half of the lake shore. (Click for a high resolution image.

Credit: MERIS/ESA, processed by NOAA/NOS/NCCOS) http://www.noaanews.noaa.gov/stories2014/20140710_erie_hab.html
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Appendix E: Bloom Images from 2002-2011

Fig. 3. Bloom image from scene with maximum observed bloom size using the Improved NIR with SAC algorithm (#7b
in Table 1) for 2002 to 2011. See Fig. S2 for equivalent MERIS CI images.

https://ars.els-cdn.com/content/image/1-s2.0-S0034425716304928-gr3_lrg.jpg
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Appendix F: Algal Blooms and Basin Boundaries (Student Activity)
Closely examine the images in Appendix E and determine which years that the algae blossoms are found outside of the
basin boundary.

Team Activity
Outside of
Basin
boundary
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Appendix G: Categorizing Extent of Annual Algal Blooms (Student Activity)
Closely examine the images in Appendix E and categorize extent (low, medium or high algal bloom) for each year.

Team Activity
Low

Medium

High

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

How did your team determine whether an annual algal bloom
was low, medium, or high?

Appendix F-G: Solutions
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Appendix F:
Solution:

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Outside of
Basin
boundary
X
X
X
X
X
X
X
X
X
X

Appendix G:
Possible solutions:
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Low
X

Medium

High

X
X
X
X
X
X
X
X
X

How did your team determine whether an annual algal bloom
was low, medium, or high?
● Based on whether blooms were located outside of
basin boundary
● Ranked years based on observation and determined
top three and bottom three
● Provided a percentage for each year (percentage of
bay covered)
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Appendix H: Maumee Watershed Land Cover

Source: US Army Corps of Engineers Buffalo District. 2009, p. 40, 80
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Appendix I: Key Vocabulary

Algal Bloom
“Extensive and rapid growth of planktonic (floating and suspended) algae, caused by an increased input of
nutrients (primarily phosphorus, but sometimes nitrogen), is a common problem in lakes. Lakes normally
undergo aging over centuries, but the process can be accelerated rapidly by human activities that cause
increases in sedimentation and nutrient inflow to the lake. Accelerated eutrophication and excessive algal
growth reduces water clarity, inhibits growth of other plants, and can lead to extensive oxygen depletion,
accumulation of unsightly and decaying organic matter, unpleasant odors, and fish kills.”
https://water.usgs.gov/edu/earthlakes.html
Drainage Basin or Watershed
“A watershed is the area of land where all of the water that falls in it and drains off of it goes to a common
outlet. Watersheds can be as small as a footprint or large enough to encompass all the land that drains water
into rivers that drain into Chesapeake Bay, where it enters the Atlantic Ocean.” Also called: drainage basin or
catchment. https://water.usgs.gov/edu/watershed.html
Land Use
“Land use shows how people use the landscape – whether for development, conservation, or mixed uses. The
different types of land cover can be managed or used quite differently. ”

https://oceanservice.noaa.gov/facts/lclu.html
Maumee Bay
“Maumee Bay is a shallow, semicircular embayment located in the extreme southwestern corner of Lake Erie
and encompasses the water area separated from the lake by two spits, Woodtick Peninsula and Cedar Point. The
bay comprises about five percent of the surface area of Lake Erie’s western basin (~21 square miles), and lies
between 410 41’N and 410 45’N latitude and 830 20’W and 830 29’W longitude, within the States of Michigan
and Ohio. Major river inflow into the Bay comes from the Maumee River. North of the Maumee River, the
Ottawa River and several small creeks enter the Bay. East of the Maumee River, two small creeks and several
drainage ditches enter the Bay” (p. 21). “Maumee Bay was surveyed and drawn under the direction of Captain
George G. Meade in 1857… the Bay was generally shallower than 12-feet. This area was resurveyed under the
Survey of the Northern and Northwestern Lakes in 1874-1879” (p. 22). Source: Western Lake Erie Basin Study
Maumee Bay Watershed Assessment 2009.
http://wleb.org/leadership/files/Maumee%20Bay%20Final%20Assessment%20091509.pdf
Passive Sensors
“A passive sensor is a microwave instrument designed to receive and to measure natural emissions produced by
constituents of the Earth's surface and its atmosphere. The power measured by passive sensors is a function of
the surface composition, physical temperature, surface roughness, and other physical characteristics of the
Earth. The frequency bands for passive sensor measurements are determined by fixed physical properties
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(molecular resonance) of the substance being measured. These frequencies do not change and information
cannot be duplicated in other frequency bands.”
https://www.nasa.gov/directorates/heo/scan/communications/outreach/funfacts/txt_passive_active.html
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