
LESSON 2
COASTAL FEATURES & PROCESSES OF THE GREAT LAKES
[bookmark: Activity_2:_Assessing_Sturgeon_Growth__]Lesson OverviewObjectives
After participating in this activity, students can:
Label a coastal diagram when given a set of terms — thereby demonstrating an understanding of common terms used to describe coastal ecosystems.
Describe components of the water budget/water cycle that influence lake levels.
Analyze a graph to determine the highest and lowest water levels (to the nearest foot IGLD 1985) ever recorded between 1920 and 2021 for Lake Michigan. Then use these numbers to calculate the magnitude of the change in water level.
Explain the four processes (changes in lake level due to water cycle, water movement via waves, water movement via currents, and sediment transport) that shape the coast.
Describe what happens to a beach that is exposed to the force of waves or currents.

Learning the basics of coastal engineering and the features of the Great Lakes enables students to understand what they see at the North Beach field site. In the 19th and 20th centuries, the transformation of the Lake Michigan shoreline resulted in deeper harbors and safer transportation infrastructure, including changes at the Racine Harbor. Human activity, coordinated by coastal engineering practices, has helped create the North Beach we see today. By understanding this change in coastal configuration, the students are introduced to the intended and unintended consequences of engineering. In this lesson, students are exposed to a variety of coastal features found around the Great Lakes and those specific to North Beach. In addition, they are exposed to the coastal processes (one of which is changing water levels) that continue to shape these features.
It’s important for the students to understand that scientific investigations often answer questions such as how one thing is related to another. For example, it is important for students to understand that water levels change not only from year to year but also from season to season. Additionally, water doesn’t only increase and decrease in depth, it also moves from one location to another. This lesson will highlight some of the ways water moves and the forces that cause it to move.
[bookmark: Activity_Preparation_]Lesson Concepts
Water’s movements — both on the land and underground — cause weathering and erosion, which change the land’s surface features.
The abundance of liquid water on Earth’s surface and its unique combination of physical and chemical properties are central to the planet’s dynamics.
A variety of hazards result from natural processes.Subject Areas
Environmental Literacy & Sustainability | Mathematics | Science & Engineering | Social Studies

Humans cannot eliminate natural hazards but can take steps to reduce their impacts.
Human activities can contribute to the frequency and intensity of some natural hazards.
The sustainability of human societies and the biodiversity that supports them require responsible management of natural resources. Scientists and engineers can make major contributions — for example, by developing technologies that produce less pollution and waste and that preclude ecosystem degradation.
Background Information for Educators
Lesson 2: The Coastal Features and Processes of the Great Lakes-Background
Background Slideshow Coastal Processes Demonstration - The Wave Tank

1
Prior KnowledgeLesson Summary
1. Guided practice: A look at water levels in Lake Michigan
1. Independent practice: Water and sediment on the Lake Michigan shoreline
1. Guided practice: What are the coastal features and processes on the Lake Michigan shoreline?
1. Independent practice: What changes are happening on the shoreline at our field site, North Beach?
1. Assessment

Students should have a basic understanding of
· the primary components of the water cycle (i.e., precipitation, runoff and evaporation).
· political boundaries, specifically the area defined on a map as “Racine, Wisconsin.”
Possible Misconceptions
· That coastal ecosystems are static places—since the timescale for being able to observe change may be longer than the observation period.
Next Generation Science Standards
MS-ESS3-2 Earth and Human Activity
Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to mitigate their effects.Great Lakes Literacy Principles 
Principle 1
The Great Lakes, bodies of fresh water with many features, are connected to each other and to the world ocean.
1E: The Great Lakes are an integral part of the water cycle and are connected to the region’s watersheds and water systems. Changes in water systems affect the quality, quantity and movement of water, including retention time.
1F. Water currents circulate within the Great Lakes and are powered by wind, waves, energy from the sun and water density differences. The shape of a lakebed and its geographic orientation, the direction of the prevailing winds, the shores and the structures along the shores influence the path of circulation.

NGSS Cross-Cutting Concepts
3. Scale, proportion and quantity. In considering phenomena, it is critical to recognize what is relevant at different measures of size, time and energy and to recognize how change in scale, proportion or quantity affect a system’s structure or performance.
6. Structure and function. The way in which an object or living thing is shaped and its substructure determine many of its properties and functions.
Wisconsin Model Academic Core Ideas
ESS2.C: The Role of Water in Earth's Surface Processes
ESS3.B: Natural Hazards
ESS3.C: Human Impacts on Earth Systems
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Wisconsin Model Academic StandardsGreat Lakes Literacy Principles
(continued) 
1G: Lake level is the height of the Great Lakes relative to sea level. Lake level changes are caused by variations in precipitation, evaporation, runoff, and snow melt, as well as wind and waves. While tides are typically not discernable in the Great Lakes, seiches are common in the Lakes.
Principle 2
Natural forces formed the Great Lakes; the lakes continue to shape the features of their watershed.
2D. Erosion – the wearing away of rock, soil and other earth materials – occurs in coastal areas as wind, waves, and currents in rivers and the Great Lakes move sediments.
2E. Sediments are a product of erosion and consist of fragments of animals, plants, rocks and minerals. Sediments are classified by grain sizes, from silt and clay to sand, cobbles and boulders. Sediments are seasonally redistributed by waves and coastal currents and help maintain beaches and coastal wetlands.

ELS.C1.C.m Curiosity and Wonder Ask questions about patterns and cause and effect relationships in natural and cultural systems observed outdoors daily, seasonally, and over time. Examine how curiosity and wonder help formulate questions to pursue knowledge about everyday experiences.
M.8.F.B.5 Use Functions to Model Relationships Between Quantities. Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear, continuous or discrete).
SCI.ESS2.C.m The Role of Water in Earth’s Surface Processes Water cycles among land, ocean, and atmosphere, and is propelled by sunlight and gravity. Water movement causes weathering and erosion, changing landscape features.
SCI.ESS3.B.m Natural Hazards Patterns can be seen through mapping the history of natural hazards in a region and understanding related geological forces.
SCI.ESS3.C.m Human Impacts on Earth’s Systems Human activities have altered the hydrosphere, atmosphere, and lithosphere which in turn has altered the biosphere. Activities and technologies can be engineered to reduce people’s impacts on Earth.
MS-ESS2-2 Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at varying time and spatial scales.
SS.BH4.a.m Progression of Technology Differentiate between intended and unintended consequences of various forms of technology and how they may affect societies and cultures.

Key Vocabulary 
As you are probably already aware, the English language is complex. Some words which are commonly used may have a narrower meaning when describing a scientific phenomenon. For this lesson, we have attempted to provide some (but not all) of these distinctions. For example, we know that the word “bar” also applies to a location where alcohol is served, as well as a type of cookie, and even a chocolate candy treat.
Bar Underwater ridge of sand running roughly parallel to the shore.
Beach Zone of loose sediment between the shoreline and a line of permanent vegetation or a change in sediment.
Bluff A steep slope rising above the beach. In the Great Lakes region, the word “bluff” is generally used to describe a steep soil slope rising above the beach, while the word “cliff” is used to describe a steep rock slope rising above the beach.
Diversion The redirection of water from its original path through man-made channels or infrastructure. This word also is used to refer to the infrastructure that is causing the displacement of the water.
Dune Ridge of loose, wind-blown sand.
Evaporation The process of water turning into water vapor and rising into the atmosphere from the lake surface.
Face The sloping section of a dune, bank, bluff, or coastal structure.
Inflow Water flowing into another body of water. In the case of Great Lakes water levels, inflow is the water coming into a lake.
Nearshore Zone of water between where waves begin breaking and the shoreline.
Offshore Zone of water lakeward of where wave breaking occurs.
Outflow Water flowing out of a body of water. In the case of Great Lakes water levels, outflow is the water flowing out of a lake.
Precipitation Water in the form of rain, snow, sleet or hail.
Runoff Water that flows over the land’s surface. It is impacted by precipitation over land, evaporation over land and transpiration (water sucked up by plants).
Seiche  An event in which water sloshes from one side of a body of water to another and then back, repeating for hours or even days.
Shoreline The point where the lake meets the land.
Storm surge The temporary rise in water levels due to wind pushing water to one side of the lake.
Toe The base of a dune, bank, bluff, or coastal structure.
Upland The zone of land above the reach of waves and landward of the beach.
Water budget The accounting of all the water that goes into and out of a water body.
Wave energy The ability of a wave to do work, such as moving an object when applying a force to it.
Wave breaking The overturning of a wave, typically as the wave enters shallow water.

Classroom Supplies/Resources Needed
Files Needed
Educator Background Information Lesson 2 Background: Coastal Features and Processes of the Great Lakes-Background
Background Slideshow Coastal Processes Demonstration - The Wave Tank
PowerPoint for Assessment Lake Michigan Water Levels 
Student Handout Lake Michigan Water Levels (Water Levels Answer Key)
Educator Background Slideshow Coastal Processes Demonstration - The Wave Tank
Student Handout Water and Sediment on the Lake Michigan Shoreline
Student Assessment Coastal Terms Drag and Drop (Coastal Terms Answer Key)
Slideshow Four Coastal Processes
Student Handout Historic Beach Width Measurement
Educator Feedback Form
Technology needed
· 1:1 device for students, with internet connection
· [bookmark: _Hlk168814333]Laptop, projector and screen or interactive whiteboard for teacher to share PowerPoint presentations
Supplies for wave tank activity
Per group of 3 to 4 students
· Wave tank (clear plastic storage container. We use plastic shoe boxes.)
· Measuring cup for liquid
· Measuring cup for solids
· Sand (4 cups)
· Water (3 cups)
· 6-in. putty scraper (device to make waves and to shape beach)
· Three dry-erase markers (black, red, green)
· Towels and/or sponge for cleanup
· Bucket to pour wastewater (1 per class)
Supplies for beach width activity
· Ruler to measure map distances
· 
LESSON STEPS
1. Guided Practice: A Look at Water Levels in Lake Michigan 
10 minutes
One of the biggest challenges faced by coastal engineers who work in the Racine area and around the Great Lakes is changing water levels in Lake Michigan and the other Great Lakes. Hand out the “Lake Michigan Water Levels” worksheet. It asks the students to look at the data on the graph and answer questions including: What do you think the red line on the graph represents? What is the approximate height of the highest water level? Lowest?
· PowerPoint for Assessment Lake Michigan Water Levels
· Student Handout Lake Michigan Water Levels (Water Levels Answer Key)
Have the previous day’s clay objects on hand and ask the students to think back to their design. What effect(s) do you think changing water levels might have on the object? Are there design features to consider? In other words, how might you have designed your object differently if the original problem had included the criteria that the water levels fluctuate?
TRANSITION
Instructor states: “When we asked you to design your objects yesterday, there were a lot of criteria related to design and safe navigation on the Great Lakes that we did not ask you to consider. Besides water levels increasing and decreasing, which affects the depth of the water, another consideration related to safety and operation is how water moves along the coastline. The water moves in two ways: via waves and via currents. Let’s see what this looks like.”
2. Independent Practice: Water and Sediment on the Lake Michigan Shoreline
25 Minutes
Instructor states: “Working in teams of 3 to 4 students, your project is to create and test a wave tank. You will make observations of how waves behave with two different amounts of water, representing two different water levels in our lake.”
Background Slideshow Coastal Processes Demo - The Wave Tank
Student Handout Water and Sediment on the Lake Michigan Shoreline (includes instructions for activity)
Questions the Students Will Explore
1. How does an increase in water levels change erosion?
1. How might you slow erosion (the movement of sand away from the original coastline)?
1. How might you control sediment transport (influence where the sand ends up)?
[image: Drawing of typical coastal profile including the upland bluff, bluff toe, and bluff face, dune, beach, shoreline, bar, nearshore, and offshore areas depicted.]
Image source: Adam Behcle, Wisconsin Sea Grant
TRANSITION
The wave tank should have given the students an opportunity to see what the typical profile of a Great Lakes coastline looks like near Racine and to observe one of several coastal processes that influence these features.
3. Guided Practice: What Are the Coastal Features and Processes on the Lake Michigan Shoreline?
10 minutes
3a. Coastal Features
Hand out “Coastal Terms Drag and Drop.” Ask students to recall what they observed in their wave tank and circle the terms they know. Have students drag the labels into place (or if using a paper worksheet, have students label the diagram). Take 30 seconds to check in with a partner.
Teacher reviews terms and indicates which are primarily influenced by deposition (e.g., sand bar and dune) and which are influenced by erosion (e.g., bluff toe).
Student Assessment Coastal Terms Drag and Drop (Drag and Drop Answer Key)
3b. Coastal Processes
The four processes at play on the Great Lakes coastlines are
1. Changing lake levels and the water cycle
1. Waves
1. Currents
1. Sediment transport 
Remind the students about the start of this lesson when we looked at the changing Lake Michigan water levels. You can ask them what they predict will happen to the shoreline as the water levels change each year. We will be exploring this in our independent practice next.
The second coastal process influencing Lake Michigan coastal features relates to the waves the students observed in their wave tank. They observed water moving and carrying sand and sediments with it (a process called sediment transport). But the water does not carry sediment forever. It only carries sediment as far as it has enough energy to do so. If there is an impediment to movement, then the likelihood that the water will deposit its load increases. When we look at a coastline, we can see places where sediment has been moved away through the process of erosion. We can also see places where sediment has been deposited. Places where sediment has been deposited can become navigational hazards. For example, if the sediment deposits are extensive, a sand bar may be created, which may result in the water becoming so shallow that it causes ships to run aground. The sediment deposits can also cause the pattern of the movement of water to change — causing different currents, such as rip currents.
Slideshow Four Coastal Processes
TRANSITION
All of these processes, and the challenges they create, can be seen at our field site at North Beach in Racine.
4. Independent Practice: What Changes Are Happening on the Shoreline at Our Field Site, North Beach? 
15 minutes
Let’s return to the Lake Michigan shoreline and look at some changes that have occurred at North Beach from 2005 to 2015 due to one of the coastal processes at play—changing water levels. Hand out the packet of orthophotos. The students should complete the worksheet on page 4 of the “Historic Beach Width Measurement” handout by measuring the width of the beach from a starting point (of their choosing) to the high-water mark. The high-water mark is the highest point on the beach where the water has landed. This shows up in photos of the beach as the boundary between wet sand and dry sand.
Student Handout Historic Beach Width Measurement
Questions to explore
1. Looking at the water levels graph on page 4, how much have water levels changed between the different measurement years?
2. What patterns do you see between water levels and beach widths?
1. Assessment
· For Objective 1, students complete Coastal Terms Drag and Drop (Drag and Drop  Answer Key)
· For Objective 2, verbal discussion during lesson
· For Objective 3, students complete Lake Michigan Water Levels (Water Level Answer Key)
· For Objective 4, students complete Water and Sediment on the Lake Michigan Shoreline
· For Objective 5, students complete Water And Sediment on the Lake Michigan Shoreline and Historic Beach Width Measurement
LESSON EXTENSIONS
· If a student wishes to explore further, the Wisconsin Shoreline and Oblique Photo Viewer is a map application that allows users to fly along the coast. http://floodatlas.org/asfpm/oblique_viewer/
· [bookmark: _Hlk221704578]Shaping the Shoreline: Natural Processes in the Great Lakes video This short video (4:17), produced by Illinois/Indiana Sea Grant, highlights how different natural processes and coastal characteristics, such as water level, waves, sediment, and ice can transform the coast, which is an important aspect of resilient coastal decision-making.
EDUCATOR FEEDBACK FORM
Educator Feedback Form.
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