
LESSON 5
INTRODUCTION TO GREEN INFRASTRUCTURE
Lesson OverviewObjectives
After participating in this activity, students can:
Perform calculations related to the amount of water collected from a roof.
Describe the importance of wetlands.
Describe a green infrastructure project design including the component of the water cycle (infiltration, transpiration, evaporation) it is designed to alter.
Perform calculations to determine the size needed for a rain garden, one example of green infrastructure.

Students begin to synthesize the previous four lessons and prepare for lesson six where they will take a detailed look at coastal engineering at North Beach. They consider the amount of rain recorded in the city of Racine, calculate the amount of that rain that runs off roofs, and learn about natural and manmade structures, especially green infrastructure, that manage that runoff.
[bookmark: Activity_Preparation_]Lesson Concept
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 EducatorsSubject Areas
Environmental Literacy & Sustainability | Mathematics | 
Science & Engineering 

Lesson 5: Introduction to Green Infrastructure - Background
Prior Knowledge
Students should have a basic understanding
· that an engineering "fix" is designed to solve a particular problem and that there may be more than one action that can be taken to address a particular concern.Lesson Summary
1. Guided Inquiry and Assessment: Racine Water Trivia
2. [bookmark: _Hlk221784682]Independent Discovery and Assessment: Calculating Runoff Amounts from a Roof
3. [bookmark: _Hlk221784705]Guided Practice: How Wetlands Manage Runoff
4. [bookmark: _Hlk221784736]Guided Review and Discovery: The Hydrologic Cycle-Transpiration
5. Guided Practice: Introduction to Green Infrastructure
6. [bookmark: _Hlk221784785]Guided Discovery: Check on Plants!
7. Assessment

· that all actions have benefits and costs associated with the action.
· that a cost-benefit analysis generally considers the probability of an event occurring, the anticipated potential hazard levels, the extent of the area impacted, and/or the number of people who may be impacted.
Possible Misconceptions
· That flooding and erosion are not natural processes; in other words that they only occur because humans have altered natural processes.
1 
Next Generation Science StandardsGreat 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.
1D. Rivers and streams transport nutrients, dissolved gases, salts and minerals, sediments and pollutants from watersheds into the Great Lakes.
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.
Principle 6
The Great Lakes and humans in their watersheds are inextricably interconnected.
6C. The Great Lakes are affected directly by the decisions and actions of people throughout its watershed.
6D. Local and national laws, regulations and resource management affect what is put into and taken out of the Great Lakes. Shoreline development and industrial or commercial activities lead to point and nonpoint source pollution.
6E. Coastal regions along the Great Lakes are impacted by land use decisions and natural hazards. Physical modifications (changes to beaches, shores, and rivers) can exacerbate effects of erosion, storm surges, and lake level changes.

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.
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
ESS3.C: Human Impacts on Earth Systems
Wisconsin Model Academic Standards
ELS.EX3.B.m Explore Natural Systems Emphasis Analyze how new knowledge or technological solutions impact natural resource use, or improve environmental quality 
M.6.RP.A.3 d. Understand Ratio Concepts Use ratio reasoning to convert measurement units; manipulate and transform units appropriately when multiplying or dividing quantities.
M.8.EE.A.4 Work with Radical and Integer Exponents Choose units of appropriate size for measurements of very large or very small quantities.
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.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.Great Lakes Literacy Principles
(continued) 
6F. To ensure continued availability of Great Lakes assets, people must live in ways that sustain the lakes. Individual and collective actions are needed to effectively conserve and manage Great Lakes resources for the benefit of all.
Principle 7
Much remains to be learned about the Great Lakes.
7B. Understanding the Great Lakes is more than a matter of curiosity. Exploration, inquiry and monitoring promote better understanding and protection of Great Lakes ecosystems, resources and process.
Principle 8
The Great Lakes are socially, economically, and environmentally significant to the region, the nation and the planet.
8F. The Great Lakes were dramatically degraded and challenged by human endeavors in recent times. Basic ecosystem processes have been restored through individual and collective efforts. Proper foresight and. informed decision making will continue to make the Great Lakes a model of environmental protection, restoration and innovation.

SCI.ETS2.B.m Influence of Engineering, Technology, and Science on Society and the Natural World 
All human activity draws on natural resources and has both short- and long-term consequences, positive as well as negative, for the health of people and the natural environment. The uses of technologies are driven by people’s needs, desires, and values; by the findings of scientific research; and by differences in such factors as climate, natural resources, and economic conditions. Technology use varies over time and from region to region.
MS-ESS3-3 Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment.
Key Vocabulary
Evapotranspiration The process by which water is relocated from the land to the atmosphere by evaporation from the soil and other surfaces and by transpiration from plants.
Gray infrastructure Structures such as dams, seawalls, roads, pipes or water treatment plants.
Green infrastructure A set of practices that incorporates natural features to manage stormwater runoff. By increasing infiltration, transpiration and evaporation, green infrastructure can reduce runoff and improve the water quality of stormwater. Green infrastructure filters and absorbs stormwater where it falls and includes a range of measures that use plant or soil systems, permeable pavement or other permeable surfaces or substrates, stormwater harvest and reuse, or landscaping to store, infiltrate, or evapotranspirate stormwater and reduce flows to sewer systems or to surface waters.
Transpiration The process in the hydrologic cycle in which plant roots absorb water and then release the water in the form of vapor through the leaves.
Wetlands Areas where water covers the soil or is present either at or near the surface of the soil all year or for varying periods of time during the year, including during the growing season.
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Classroom Supplies/Resources Needed
Files Needed
Educator Background Information Lesson 5: Introduction to Green Infrastructure - Background
Slideshow Racine Water Trivia
Student Handout Calculating Runoff Amounts off a Roof
Assessment Answer Key Calculating Runoff Amounts off a Roof Answer Key
Video How Wetlands Manage Water
Slideshow The Hydrologic Cycle
Slideshow Green Infrastructure
Student Handout Calculating Rain Garden Size
Assessment Answer Key Calculating Rain Garden Size Answer Key
Assessment Lesson 5 Exit Slip
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 “Just Breathe Green” demonstration
· Two plants (may be same or different species; may be roughly same or different size)
· Two clear plastic bags or clear plastic liter soda bottles
· Two twist ties
· Gallon of colored water
· Two stopwatches 


LESSON STEPS
Before class
Set up “Just Breathe Green” activity using one plant. Be sure to start one stopwatch after placing the plastic bag or bottle over the plant. The setup for the second set of materials will occur during the lesson so students may observe how the demonstration was initiated.
1. Guided Inquiry and Assessment: Racine Water Trivia
5 minutes
In this lesson, students will be introduced to a different way to manage the water that moves across the landscape, working with nature. Instructor uses the “Racine Water Trivia” slideshow to both introduce material that will be used in today’s lesson and to review hydrologic information presented in prior lessons.
Slideshow Racine Water Trivia
2. Independent Discovery and Assessment: Calculating Runoff Amounts off a Roof
10 Minutes
Ask students how they would go about determining the amount of water that could be collected from rainfall that fell on a roof in a year. What information do they need to know to answer the question?
(Possible answers: size of roof (size of building), inches of rain per year, conversion factor of inch of rain to gallon of rain.)
Student Handout Calculating Runoff Amounts off a Roof (Answer Key)
Calculate amount of water available from a roof
· Step 1: Calculate area of the roof. (The pitch or slope of the roof does not impact the catchment potential.)
· Area of a rectangle = length x width (Repeat for each roof segment and add together.)
· Step 2: Multiply by 0.56 to convert inch of rain falling on roof to gallons of rain that fell on roof
· Step 3: Multiply by annual rainfall
This estimate doesn’t consider snowfall. Students probably know that different snowfalls have different water equivalency. Some snow is light, dry and fluffy. Some snow is very wet and slushy; thus, determining what the conversion factors should be is a bit challenging. This estimate also doesn’t consider all of the roofs in the city of Racine. Conclusion - a LOT of water moves through the city of Racine every year!
TRANSITION
Where does all this water go? Yesterday we saw that water moves through a watershed in two ways: through natural pathways (natural wetlands for example) and through built pathways (such as engineered stormwater management structures like constructed wetlands).
3. Guided Practice: How Wetlands Manage Runoff
5 minutes
Let’s take a closer look at one natural way of managing runoff and flooding—wetlands. Even if you’ve never been in a wetland to catch frogs or go fishing, wetlands impact life here in the city of Racine.
[image: Screenshot of scene from video entitled: How Wetlands Manage Water]
Video How Wetlands Manage Water
TRANSITION
In the last lesson, we looked at how water infiltrates and percolates into the ground. In the wetlands video, we looked at another component of the water cycle - runoff. Let’s now look at additional components of the water cycle - transpiration and evaporation.
4. Guided Review and Discovery: The Hydrologic Cycle – Transpiration
10 minutes
For this lesson we will focus on the transpiration component of the hydrologic cycle. Transpiration is the process in which plant roots absorb water and then release the water in the form of vapor through the leaves. Transpiration is an important factor in the water cycle as it is one of the major sources of water into the atmosphere. Ask students to recall the hydrologic cycle presented in lesson 4 where they learned about the importance of infiltration and percolation. Those components of the water cycle are very important in managing runoff. Transpiration also helps to manage runoff and therefore is another important component of the hydrologic cycle that coastal engineers may attempt to manage.
Slideshow The Hydrologic Cycle
One way to visualize transpiration is to consider what happens when we breathe. Ask students to breathe in and hold their breath. Now as they breathe out, have them imagine they are outside on a cold wintery day. Ask: Have they ever seen their breath? Then ask the rhetorical question: Do plants breathe? Students may reply that plants do not have lungs the way we (and many animals) do, but we’ll set up a demonstration to determine an answer to the question about whether plants breathe.
Just Breath Transpiration Rate Demonstration
Due to time constraints, we have modified this activity to a demonstration. Rather than having students calculate and graph transpiration rates for different plant species, our purpose is to simply demonstrate that plants do transpire and thus impact movement of water within the water cycle. The plants may be the same or different species. We do not intend for you to collect or compare data between the plants; only observe that water vapor has been collected on the plastic bag or container.
It may help to think of this demonstration as a cooking show. The first plant represents the “baked” product. Enough time should have passed that you can observe water vapor. The second plant represents the “how to” portion of the cooking show. It is important for students to see the step-by-step process of watering the plant and covering it with a plastic bag or container to conclude where the water in the bag originated from.
Demonstration Directions: Prior to class, you should have watered one plant, covered it with a plastic bag or container, and started a stopwatch. (See directions in the link below.) At this point in the lesson, repeat the setup processes by watering the second plant, covering it with a plastic bag or container, and starting the second stopwatch.
Adapted from Teach Engineering Stem Curriculum for K-12. Just Breathe Green: Measuring Transpiration Rates
TRANSITION
In the past two lessons we looked at one mechanism engineers have designed to reduce the risk of runoff—engineered gray infrastructure systems, including storm sewer systems. Now let’s see how coastal engineers mimic natural systems and use green infrastructure to manage stormwater runoff.
5. Guided Practice Introduction to Green Infrastructure
15 minutes
Green infrastructure is a set of practices that incorporates natural features to manage stormwater runoff. By increasing infiltration, transpiration and evaporation, green infrastructure can reduce runoff and improve the water quality of stormwater. Some of the natural features that engineers include in green infrastructure designs are: 
· Plants - to increase transpiration of water
· Soils - to increase the infiltration of water with soils that have a high infiltration rate
· Question - Think back to yesterday’s lesson (Lesson 4). What type of soils might engineers use to build green infrastructure that can infiltrate water? - sandy soils
· Landscaping - to direct stormwater to specially engineered areas that can store runoff and let it infiltrate, evaporate, or be transpired.

Let’s take a look at some examples of green infrastructure and how they work to reduce runoff
Slideshow Introduction to Green Infrastructure
Rain Garden Size Calculation
Ask students to recall the runoff from the roof they calculated earlier in the lesson. Ask the students how they would go about determining how big of a rain garden they might need to absorb all of the runoff from the roof during a rainstorm? What information do they need to know in order to answer the question? (Answer: size of roof (size of building) or amount of runoff, soil infiltration rate, transpiration rate of plants.)
Student Handout Calculating Rain Garden Size (Answer Key)
An important design consideration for rain gardens is how big to make them. The larger the rain garden, the more water it can hold and infiltrate. However, making a rain garden too big can use up extra land. How large rain gardens need to be also depends on the types of soils they are built on. As we saw in Lesson 4, sandy soils can infiltrate water more quickly than silty and clayey soils. Engineers use a number called “sizing factor” to figure out how big to make a rain garden in different soils. The sizing factor is multiplied by the area of impervious surface that will drain to the rain garden to determine the area of the rain garden needed to hold the water from a large storm (usually about 2 to 3 inches of rainfall in a day).
Calculate amount of water available from a roof 
· Step 1: Calculate area of the roof (the pitch or slope of the roof does not impact the catchment potential)
· Area of a rectangle = length x width (Repeat for each roof segment and add together.)
· Step 2: Find sizing factor for the soil type the rain garden will be built in
· Step 3: Multiply the roof area by the sizing factor to calculate the rain garden area needed
Rain gardens work with nature to capture, infiltrate and transpire runoff from impervious surfaces like roofs. You just used your knowledge of how infiltration works to help determine how big to make a rain garden for different soils. Can you think of any spots near your school or home that get pretty wet after a rainstorm? Maybe a lawn, a street, etc. Do you think a rain garden can help manage stormwater there? Is there enough room for a rain garden? In addition to how big to make a rain garden, we also need to think about what plants to have in a rain garden. 
TRANSITION
Let’s check on our transpiration experiment.
6. Guided Discovery: Check on Plants
5 minutes
Return to and observe the plant demonstration. Remind the students of the definition of transpiration -- the process by which plants release water into the air. Does a plant breathe? Not with lungs as humans do, but plants do release water vapor through transpiration.
7. Assessment
For objective 1 Student Handout Calculating Runoff Amounts off a Roof (Answer Key)
For objectives 2 and 3 Lesson 5 Exit Slip
For objective 3 Student Handout Calculating Rain Garden Size (Answer Key)
LESSON EXTENSIONS
· Complete the Teach Engineering Stem Curriculum for K-12. Just Breathe Green: Measuring Transpiration Rates activity as originally written instead of the demonstration described in step 4 of this lesson plan.
EDUCATOR FEEDBACK FORM
Educator Feedback Form
.
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GREEN INFRASTRUCTURE
Center for Neighborhood Technology Green Values Stormwater MAnagement Calculator: https://greenvalues.cnt.org/index.php?s=13432 
U.S. EPA Types of Green Infrastructure: https://www.epa.gov/green-infrastructure/types-green-infrastructure 
Wisconsin DNR Rain Gardens A Guide for Homeowners and Landscapers (2018) https://dnr.wisconsin.gov/sites/default/files/topic/Stormwater/RainGardenManualPrint.pdf
Wisconsin Sea Grant What is Green Infrastructure https://www.seagrant.wisc.edu/our-work/focus-areas/coastal-communities/green-infrastructure/what-is-green-infrastructure/.
SOILS
NOAA Learn about Soil Types hands-on investigation of soil type: https://www.nesdis.noaa.gov/about/k-12-education/jpss-education/learn-about-soil-types
USGS Web Soil Survey: https://websoilsurvey.nrcs.usda.gov/app/ 
Video demonstration of using the USGS Web Soil Survey: https://www.youtube.com/watch?v=lKFc_96UZ7Q
image1.jpg




