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Brief text introduction: 
This unit introduces students to ongoing stream ecology research on watershed land cover features that impact stream health, as well as small-scale strategies to minimize storm water runoff. The unit follows the 5E Instructional Model and includes class discussions and activities, an interactive lecture, and a final assessment in which students apply what they have learned to design a green neighborhood that minimizes human impacts on stream health. This unit is particularly well suited for use as a post-AP exam activity for AP Environmental Science classes but could be used in other contexts as well.
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Context and Precedents:
This unit is primarily designed as a case study activity to be completed by students enrolled in Advanced Placement (AP) Environmental Science courses in the last few weeks of class following the AP Environmental Science exam. It could also be used earlier in the AP Environmental Science curriculum or in an Earth/Environmental Science, Biology, or Engineering course. 

Some basic prior experience graphing and analyzing data is required. Some prior knowledge of the effects of impervious surface on stream health would be beneficial but is not required. Some prior knowledge of water quality and how to measure it would be beneficial but is not required. 
	All Urban Streams Are NOT Created Equal: 

A Case Study on Creek Smart® Neighborhood Design

	Brief Summary
Engagement- Students are told that a major NC developer is seeking students to submit designs for a new green neighborhood that minimizes human impacts on stream health. Students work first in groups, then as a class, to brainstorm strategies that could be incorporated into such a neighborhood design.
Exploration- Students examine photos, macroinvertebrate data, and watershed maps for two streams that have watersheds with the same percentage of impervious surface but differ greatly in stream health. Students share their ideas, first in small groups, then as a class, about what could be causing the big difference in stream health between the two sites. 
Explanation- Students participate in an interactive lecture introducing or reviewing ideas about how and why the percentage of impervious surface in a watershed affects stream health, discuss small scale strategies to decrease the effects of impervious surface on stream health, and become familiar with various land cover variables that may help explain differences in stream health among watersheds that have the same percentage of impervious surface. 
Elaboration- After some brief training in data analysis and graphing techniques, students use actual data from ongoing stream ecology research to investigate the relationship between selected land cover variables and EPT richness (a simple index of stream health based on macroinvertebrate data) for seven watersheds with roughly the same percentage of impervious surface. Depending on their level and background, students perform regression analysis, create scatterplots, or interpret pre-made scatterplots and summarize their findings in writing. 
Evaluation- Students demonstrate their understanding of concepts learned in the unit by designing a green neighborhood that minimizes human impacts on stream health, preparing a map of their design, and presenting their design to a review committee. 
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	Learning Outcomes
After completing this unit students will be able to:
-Recognize that percentage of impervious surface alone cannot fully explain variation in stream health among watersheds

-Identify strategies to minimize the effects of storm water runoff at a local scale
-Explain how various land cover variables are calculated from Geographic Information Systems data

-Create and/or interpret a scatterplot comparing the relationship between two continuous variables
-Use words to describe trends present in a graph

-Determine which land cover variables have a positive vs. negative impact on stream health

-Determine which land cover variables are most important in controlling stream health
-Design a green neighborhood that minimizes human impacts on stream health
-Prepare an accurate map of a neighborhood design
-Present and explain a design orally to an audience

-Evaluate green neighborhood designs developed by others

	Standards
Advanced Placement Environmental Science Standards

SP.2.2 Evaluating Data for Evidence. Students determine which data from a specific investigation can be used as evidence to address a scientific question or to support a prediction or an explanation, and distinguish credible data from noncredible data in terms of quality.

SP.3.1 Analyzing Data for Patterns. Students analyze data to discover patterns.

ES.5.3 Humans’ Impact on the Environment. Students understand that all human activities, including use of resources, have environmental consequences that occur over a range of spatial and temporal scales. Because of the complexity of Earth’s systems and because of the occurrence of unintended consequences, a systems framework is commonly used to understand important environmental issues such as pollution, climate change or ecosystem disruption. A systems analysis guides scientific investigations, decision making and the identification of potential solutions to environmental issues.

I.C.1. Collaborate on joint projects.

I.E.1. Use several modes of expression to describe or characterize natural patterns and phenomena. These modes of expression include narrative, numerical, graphical, pictorial, symbolic, and kinesthetic.

II.A.7. Use calculators, spreadsheets, computers, etc., in data analysis.

III.A.1. Use correct applications of writing practices in scientific communication.

III.C.1. Prepare and present scientific/technical information in appropriate formats for various audiences.

X.E.5. Understand how human practices affect air, water, and soil quality.
North Carolina Essential Standards: Earth Environmental Science

Science as Inquiry

EEn.2.4.2- Evaluate human influences on water quality in North Carolina’s river basins, wetlands and tidal environments.
North Carolina Essential Standards: Biology

Science as Inquiry

Bio.2.2.1- Infer how human activities (including population growth, pollution, global warming, burning of fossil fuels, habitat destruction and introduction of nonnative species) may impact the environment.
Bio 2.2.2- Explain how the use, protection and conservation of natural resources by humans impact the environment from one generation to the next.
North Carolina Essential Standards: Technology
HS.TT.1.3- Use appropriate technology tools and other resources to design products to share information with others (e.g. multimedia presentations, Web 2.0 tools, graphics, podcasts, and audio files).
HS.RP.1.1- Design global-awareness project-based products individually and collaboratively.


	Class Time Required
The entire unit takes approximately 15 hours of class time to complete (10 days in a class that meets 90 minutes per day). The class time required for individual components of the unit are listed below: 
Engagement- Students are told that a major NC developer is seeking students to submit designs for a new green neighborhood that minimizes human impacts on stream health. Students work first in groups, then as a class, to brainstorm strategies that could be incorporated into such a neighborhood design (0.5 hours).
Exploration- Students examine photos, macroinvertebrate data, and watershed maps for two streams that have watersheds with the same percentage of impervious surface but differ greatly in stream health. Students share their ideas, first in small groups, then as a class, about what could be causing the big difference in stream health between the two sites (1 hour). 

Explanation- Students participate in an interactive lecture introducing or reviewing ideas about how and why the percentage of impervious surface in a watershed affects stream health, discuss small scale strategies to decrease the effects of impervious surface on stream health, and become familiar with various land cover variables that may help explain differences in stream health among watersheds that have the same percentage of impervious surface (1.5 hours).
Elaboration- After some brief training in data analysis and graphing techniques, students use actual data from ongoing stream ecology research to investigate the relationship between selected land cover variables and EPT richness (a simple index of stream health based on macroinvertebrate data) for seven watersheds with roughly the same percentage of impervious surface. Depending on their level and background, students perform regression analysis, create scatterplots, or interpret pre-made scatterplots and summarize their findings in writing (3 hours). 
Evaluation- Students demonstrate their understanding of concepts learned in the unit by designing a green neighborhood that minimizes human impacts on stream health, preparing a map of their design, and presenting their design to a review committee (9 hours). This serves as the final assessment of the unit.
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The term Creek Smart® is used with permission of the Ellerbe Creek Watershed Association.
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