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	General Lesson Information

	Title: Sea level rise can exacerbate coastal flooding in low-lying areas


	Overview/Annotation- A short summary or description of the lesson including activities and science concepts. 

Activity 1: Poll questions – flood facts in the United States. 
Activity 2: 5-minute video – What is a tide gauge?
Activity 3: Students will get familiar with an interactive tool that maps inundation extent and flood depth due to sea level rise in the United States. 
Activity 4: Students will identify and document places inundated by an increase of 3, 6, and 9 ft of water level.
Activity 5: Trivia quiz – sea level rise and floods.

Science concepts:

Glaciers and ice sheets are melting due to global warming and so adding water to the ocean. Melt water and thermal expansion of the ocean (as the water warms) have in turn risen global mean sea level about 21-24 cm since 1880. Roughly third of that increase has been observed in the last two and half decades, and it is expected that sea level will rise at least 30 cm by the end of the 21st century. SLR will increase water level in estuaries and bays around the world, and consequently it will inundate urban and natural landscapes in low-lying areas. SLR can exacerbate coastal flooding in the United States where almost 30 percent of the population lives in high population-density coastal areas. 

Setting or format (outdoors, in groups, lab, etc.):
Computer lab

Intended group size (if groups are used):  2


	Intended grade level(s):
9 -12


	Approximate Time of Lesson (Ideally break down into 20-50 minute periods):
40 minutes with 5 minutes for reflection and evaluation (total 45 minutes)




	Researcher Biography

	Name & Professional Title: David F. Muñoz, Ph.D.

Affiliations:
1. Department of Civil, Construction and Environmental Engineering, The University of Alabama;
2. Center for Complex Hydrosystems Research, The University of Alabama;
3. Department of Civil and Environmental Engineering, Virginia Tech.

Contact Information (Email, Twitter, Personal Website, etc.):
dfmunoz1@ua.edu; davidmunozpauta@vt.edu;
https://twitter.com/davidmunozpauta;
https://davidmunozpauta.wixsite.com/dfmp 

Brief Description of Research Interests: 
I study different aspects of coastal hydrology including long-term wetland dynamics, hurricane hazards, and compound flooding at local and regional scale. I integrate data-driven and physics-informed modeling approaches for enhancing compound flood hazard and risk assessment.



	Associated Standards and Objectives

	Content Standards- List Alabama Course of Study Standards that connect to lesson 
Scientific And Engineering Practices:
Analyzing and Interpreting Data; Obtaining, Evaluating, and Communicating Information
Crosscutting Concepts: Patterns; Systems and System Models; Energy and Matter
Disciplinary Core Idea: Earth's Systems

15) Obtain, evaluate, and communicate information to verify that weather (e.g., atmospheric pressure, precipitation, winds, wind velocity) is influenced by energy transfer within and among the atmosphere, lithosphere, biosphere, and hydrosphere.

a. Analyze patterns in weather data to predict various systems, including fronts and severe storms.
b. Use maps and other visualizations to analyze large data sets that illustrate the frequency, magnitude, and resulting damage from severe weather events in order to predict the likelihood and severity of future events.

Alabama Alternate Achievement (AAS) Standard:
SCI.AAS.ESS.HS.15- Identify weather conditions, including wind speed and severe weather events (e.g., hurricanes and floods).


	Primary Learning Objectives- Sentences beginning with “Students will be able to…” that describe what students will do in the kessib that relates to how students will be assessed.

Students will be able to:

· Identify instruments used to measure water level in the coast.
· Use online interactive tools (e.g., sea level rise viewer) to visualize inundation extent and flood depth on urban areas and wetlands due to sea level rise.
· Compare and contrast flood maps associated with sea level scenarios in the United States.


	Additional Learning Objectives- Any learning outcomes that are not directly related to the content standards but may relate to other local or national standards




	Preparation Information

	Total Duration- How many minutes will the lesson last? 
45 minutes


	Materials and Resources- List of materials teachers will need to gather or prepare for lesson 

· Poll and trivia quiz: sea level rise and floods.
· Video: What is a tide gauge? 
· Interactive tool: Sea Level Rise Viewer from the National Oceanic and Atmospheric Administration (NOAA). 


	Technology Resources Needed- What technology will teacher and students need for the lesson?

· Projector to display polls, trivia quiz, and video.
· Computer with access to internet.


	Background and Preparation- Description of information (science content, use of materials, etc.) teacher and/or students will need to know prior to this lesson; list steps for any preparation prior to the lesson  

· Sea Level Rise Viewer Tool comes with a short tutorial for teachers.
· Links with trivia quizzes (questions and answers) are provided for teachers.




	Procedures and Activities

	Step-by-step description of lesson that would allow another teacher to successfully complete the lesson (suggest possible reflection or comprehension questions along with examples of correct answers or common misconceptions)

Engagement (sparking interest, introducing phenomenon, engage students’ everyday experiences)

Activity 1: Teachers will engage students with a 5-question poll regarding flood facts in the United States. The link for the poll is provided in the attachments.

Main activity (suggest possible reflection or comprehension questions along with examples of correct answers or common misconceptions)

Activity 2: 5-minute video – What is a tide gauge? This activity may be followed by a discussion of other instruments that measure rainfall, atmospheric pressure, and wind (e.g., rain-gauge, barometer, and anemometer).


Activity 3: Students will play with interactive tools and learn how different SLR scenarios can impact urban areas and natural landscapes in the United States. 
Worksheet: Teachers will ask students to choose any cities near the Atlantic, Pacific and Gulf Coast (e.g., New York, San Francisco, and Mobile) and then document places inundated by an increase of 3, 6 and 9 ft of water level. 

Activity 4: Students will compare and contrast flood maps associated with a 10 ft water level around Mobile, Alabama and San Diego, California. Teachers might ask questions like Which city exhibits the largest flood extent?  Why? (A higher terrain elevation in San Diego prevents inland flood propagation as compared to Mobile) What places from those cities are more vulnerable to SLR? (Students can click on “Vulnerability” in the left panel and identify those areas based on the color scale. Light and dark red indicates low and high vulnerability, respectively).

Wrap up and Reflection (wrap up activity, reflecting on learning, informal assessments of student learning)

Activity 5: Teachers will wrap up the class content with a 5-question quiz about the video, sea level rise, and flood facts in the United States.

Final product/Summative evaluation (e.g. quiz, presentation, essay, etc., may occur during a later class period)

Teachers may ask students to explore the “Marsh migration” option in the left panel of the Sea Level Rise Viewer Tool. Students can compare and contrast marsh areas under different water levels in a similar way to the previous activities.




Attachments- Any materials for the lesson such as video links, worksheets, etc., listed here 

· Instruments to measure coastal water level. Short video (5 min): What is a tide gauge? – The Next Generation (https://oceanservice.noaa.gov/podcast/oct14/mw128-taking-measure.html) 
· Interactive tool: Sea Level Rise Viewer (https://coast.noaa.gov/slr/#)
· Poll (TBD)
· Trivia quiz (TBD)
