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Subject/Target Grade
Science and Social Studies/
Middle School (Grades 6-8)

Duration
One to two 50-minute class periods – 
Classroom & outdoor setting 

Materials 
per class
• toy car 
• pet leash 
• toy snow shovel 
• toy houses 
• fast food bag 
• plastic turf or golf ball
• paint brush 
• car wax or “soft cloth”
• packet of seeds
• toy bulldozer
• toilet paper
• Storm Water PowerPoint presentation OR 

After the Storm DVD (30 minutes) 
• computer projector
• Storm Water Study Guide (answer key)
• Storm Water Runoff and Infiltration 

(transparency master)
• Comparing Aerial Photos (answer key)

per small group
• 2 aerial photos of Huron Creek Watershed 

for different years (1975, 1998, and 2010 
on MEECS Water Quality CD or in Activity 
Kit) OR 2 aerial photos of your watershed 
for two different years (optional)

• Comparing Aerial Photos (student activity)
• paper and colored pencils OR computers 

per student
• Background Information and/or Potential 

Impacts of Storm Water on Aquatic 
Ecosystems (student resource) OR  
After the Storm brochure (online)

• Storm Water Study Guide (student activity)
• Brochure Assignment & Rubric  

(student assessment)
• computer access
• self-adhesive notes

Lesson Overview
Students identify common pollutants in storm water, 
compare the quantity of runoff from different land covers, 
and then apply this knowledge to their comparison of 
two aerial photos taken in 1975 and 2010, respectively, to 
hypothesize how land use and cover changes may affect 
the quantity and quality of storm water runoff. Students 
identify best management practices and develop an 
educational brochure for informing community residents 
about storm water management. In an extension activity, 
students can measure runoff from their school grounds. 

Focus Questions
Students answer the following essential questions: Where 
does storm water come from and where does it go? What 
contaminants  may be in storm water runoff? How do 
people affect the quantity and quality of runoff? How can 
communities grow without impacting aquatic ecosystems? 
How is storm water runoff different in urban areas versus 
rural areas?

Objectives  
Students will be able to:
1. Describe how changes in land use and land cover  

affect infiltration and runoff.
2. Explain why storm water is a water quality concern in 

rural and urban areas.
3. List pollutants that can get into storm water, such as 

road salt, sediment, motor oil, pet wastes, fertilizers, 
pesticides, soap, household hazardous wastes (cleaners, 
paint supplies), livestock and human wastes.
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Michigan Grade Level Content 
Expectations 

Science Grades Grades 6-7:
• Explain how human activities change the 

surface of the earth and affect the survival 
of organisms. E.ES.07.41

• Describe the origins of pollution in the 
atmosphere, geosphere, and hydrosphere 
and how pollution impacts habitats, 
climatic change, threatens or endangers 
species. E.ES.07.42

• Analyze the flow of water between 
components of a watershed, including 
surface features and groundwater. 
E.ES.07.82

Social Studies Grades 6-8:
• Use observations from air photos, etc. 

as the basis for answering geographic 
questions about the human and physical 
characteristics of places and regions.  
7 - GI.2.3

• Describe the environmental effects 
of human action on the atmosphere, 
biosphere, lithosphere and hydrosphere.  
7 - G5.1.1

• Describe how variations in technology 
affect human modifications of the 
landscape. 7 - G5.1.2

• Identify the ways in which human-induced 
changes in the physical environment in 
one place can cause changes in other 
places (e.g. cutting forests upstream can 
cause flooding downstream). 7 - G5.1.3

• Describe the effects that a change in the 
physical environment could have on 
human activities and the choices people 
would have to make in adjusting to the 
change. 7-G5.2.1

Math Grades 6-8:
• Relate simple linear equations with 

integer coefficients, e.g. 3x=8 or x+5=10 
A.FO.06.11

HS Earth Science:
• Examine the negative impact of human 

activities. B3.4C
• Recognize that and describe how the 

physical or chemical environment may 
influence the rate, extent, and nature of 
population dynamics within ecosystems. 
B3.5e

4. Give examples of best management practices 
to keep storm water pollutants out of lakes and 
streams.

5. Use aerial photographs to compare changes 
in land use and land cover over time in the 
watershed.

Advance Preparation 
1.  Make copies of the Background Information, 

After the Storm brochure, or Potential Impacts of 
Storm Water on Aquatic Ecosystems as a student 
reading. Teachers may want to assign this 
reading as homework the day before.

2.  Obtain ten pairs of aerial photos from Activity 
Kit or contact your county conservation district 
office, the local USDA Natural Resources 
Conservation Service office, or your county 
planning office to obtain aerial photos of your 
watershed for two different years, at least 
a decade apart. To find the USDA Natural 
Resources Conservation Service (NRCS) office 
nearest you, visit: http://www.mi.nrcs.usda.gov/. 

3.  Laminate the aerial photos to make them more 
durable for use by multiple students. 

4.  Draw a Venn diagram on the board. Label one 
circle “Rural” and the other “Urban.”

5.  Make overhead transparencies of Storm Water 
Runoff and Infiltration table, with and without 
runoff rates, Comparing Aerial Photos student 
activity, and the Brochure Assignment. 
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Background Information
(Student Reading)

What is Storm Water? 
Storm water is the rainfall or snowmelt that flows 
over lawns, construction sites, farm fields, and 
impervious surfaces such as paved streets, parking 
lots, and building rooftops, and either enters the 
storm drain system or runs directly into a lake or 
stream. 

Storm water is both a water quantity and a 
water quality concern, especially in urban areas 
where vegetated land cover has been changed 
to impervious surfaces. Storm water is a water 
quantity concern because the increased volume of 
runoff entering a river or lake can cause stream 
bank and shoreline erosion, and the widening and 
scouring of stream channels. It is a water quality 
concern because storm water picks up contaminants 
in quantities that could adversely affect aquatic 
ecosystems in the lake or river into which the 
stormwater enters. Storm water can raise public 
health concerns by increasing the risk of illness due 
to contact with contaminated water or ingesting 
contaminated drinking water. Storm water runoff 
can also impact recreational activities when public 
beach closures and restrictions on fishing or boating 
occur.

Storm water discharges in urban and suburban 
areas are considered point sources and require  a 
National Pollution Discharge Elimination System 
(NPDES) permit. In order to get a NPDES permit, 
communities must have a public education/outreach 
program to inform community residents how they 
can limit pollutants entering storm water. The U.S. 
Environmental Protection Agency and the Michigan 
Department of Environmental Quality regulate 
storm water discharges.

What Is a Storm Drain? 
Storm drains are the grated openings along curbs 
in streets and parking lots that carry rainwater and 

snowmelt through underground pipes to nearby lakes 
and streams. Some communities have a combined 
sewer system (CS) that carries both sanitary sewage 
and storm water runoff to the wastewater treatment 
plant. However, after a heavy rain, these combined 
systems often exceed the capacity of the wastewater 
treatment plant and are forced to discharge the 
untreated sewage directly into the lake or river, 
called a Combined Sewage Overflow (CSO). The 
Dec. 30, 2011, article from the Traverse City Herald 
(in the box) illustrates what happens after a heavy 
rainfall when cities rely on a combined sewer 
system. In Detroit, 2.4 billion gallons of water runs 
off with each one-inch rainfall.

How Does Storm Water Get Polluted? 
As storm water flows over lawns, parks, 
construction sites, paved streets, and parking lots, 
it picks up motor oil and other automotive fluids, 
discarded paint, construction debris, pet wastes, 
wildlife droppings, fertilizers, chemicals, litter, and 
anything else left on the ground and carries it into 
a storm sewer or untreated into a lake or stream. 
Following summer storms, runoff from heated roads 
and parking lots causes rapid increases in stream 
temperatures that can produce thermal shock and 
lower dissolved oxygen, potentially killing fish and 
other aquatic organisms. Runoff carrying sand and 
salt used in winter snow removal can also impact 
fish and benthic macroinvertebrates. 

How Much Storm Water Is There?
Four factors determine how much of the total 
rainfall or snowmelt will run off:  (1) land cover 
(i.e., type of vegetation or amount of impervious 
surfaces); (2) amount of rainfall; (3) existing 
moisture in the soil, (i.e., when the soil is frozen or 
saturated, runoff is 100%); and (4) soil type, (i.e., 
the infiltration rate determines how much water the 
soil can take in and how quickly). Sandy soils have 
a much greater infiltration rate than clay soils. The 
Storm Water Runoff and Infiltration data tables at 
the end of the lesson list the percent run off for land 
cover types and soil types. 
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Soil provides a way to naturally filter out 
and remove contaminants. Generally, when 
10-15% of an area is covered by impervious 
surfaces, the increased sediment and chemical 
pollutants in the runoff can have a measurable 
effect on the water quality of a stream. 
When 15-25% of a watershed is paved or 
impervious to infiltration, the increased 
runoff can harm aquatic life due to lower 
dissolved oxygen levels and more sediment 
being deposited on top of gravels where fish 
and other aquatic organisms live. When more 
than 25% of a watershed’s surface is paved, 
many types of aquatic organisms die from the 
contaminated runoff and influx of sediments, 
and streams begin to show significant levels 
of impairment. 

Aerial photos and Geographic Information 
Systems (GIS) maps  provide urban planners 
and natural resource managers with a better 
understanding of changing land use and urban 
growth. 
 

US Cities Struggle to Control Sewer Overflows 
Twice in recent summers, visitors to parts of 
Michigan’s western coast were greeted by mounds 
of garbage strewn along miles of sandy beach: 
plastic bottles, eating utensils, food wrappers, even 
hypodermic syringes.

At least some of the rubbish had drifted across Lake 
Michigan from Milwaukee, a vivid reminder that 
many cities still flush nasty stuff into streams and 
lakes during heavy storms, fouling the waters with 
bacteria and viruses that can make people seriously 
ill. The waste contains a variety of items including 
medical waste, plastic and paper products. 

Thousands of overflows from sewage systems that 
collect storm water and wastewater are believed to 
occur each year. Regulators and environmentalists 
want them stopped, and since the late 1990s the 
Environmental Protection Agency or state officials 
have reached legal agreements with more than 40 
cities or counties - Atlanta, Los Angeles, Baltimore, 
St. Louis and Indianapolis among them - to improve 
wastewater systems that in some cases are a century 
old. Costs are reaching hundreds of millions or even 
billions of dollars.

But the price of progress is becoming too high for 
local governments, with the bad economy cutting into 
tax revenues and residents rebelling against higher 
water and sewer rates. …cities are looking for less 
conventional and cheaper ways to reduce overflows.

One partial solution gaining popularity with cities is 
“green infrastructure,” natural and man-made features 
that enable more water to soak into the ground instead 
of washing into storm drains and creeks. Examples 
would include requiring office buildings to cover flat 
roofs with plants, using permeable pavement on roads 
and parking lots, and increasing parkland and urban 
green space. Milwaukee is encouraging residents to 
use rain barrels and plant “rain gardens,” which have 
wildflowers and deep-rooted vegetation particularly 
suited to absorbing excess water.  

Source: John Flesher,  Associated Press Environmental Writer. Published Dec. 
26, 2011 in Traverse City Herald
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• Guidelines to limit the amount of impervious 
surface area with new developments

• Incentives that encourage new development to 
use existing buildings—a "fix it first" strategy of 
development, rather than adding to sprawl

• Settling ponds, grassed waterways, and 
landscaped parking lots

Utilizing several of these techniques can yield 
significant results as well as create a more 
aesthetically pleasing environment. 

Green infrastructure incorporates the valuable 
services nature provides to the human environment. 
Interconnected networks of park systems and 
wildlife corridors preserve ecological function, 
manage water, provide wildlife habitat, and create 
a balance between built and natural environments. 
At the urban level, parks and urban forestry are 
central to reducing energy usage costs and creating 
clean, temperate air. Green roofs, walls, and other 
techniques within or on buildings bring a range of 
benefits, including reduced energy consumption 
and dramatically decrease stormwater runoff. Green 
infrastructure provides real ecological, economic, 
and social benefits.   
http://www.asla.org/greeninfrastructure.aspx

Storm Water Best Management Practices
The primary method to reduce the quantity and 
improve the quality of storm water runoff is 
through the use of Best Management Practices, or 
BMPs. BMPs are both structural and non-structural 
practices that prevent or reduce the impacts of a 
particular land use activity. Structural BMPs include 
settling ponds, use of silt fences and erosion control 
fabrics, use of porous pavement, green roofs, rain 
barrels, rain gardens, and constructed wetlands. 
Non-structural BMPs include vegetative strips along 
streams and lakes, management measures, such as 
street sweeping to remove surface sediment and 
contaminants on the street surface, increasing park 
land and urban green space, and public education 
programs. Developers term practices that reduce 
environmental impacts “Low-Impact Development” 
or “green infrastructure.” These techniques include:
• Clustering homes into a smaller area, and 

leaving larger areas of open space 
• Narrower streets and smaller parking lots 
• Permeable pavement 
• Rain gardens and green roofs (Rain gardens are 

areas planted with perennial, water-loving plants 
to absorb the stormwater runoff directed to them, 
letting it soak into the soil. Green roofs have soil 
and plants on a flat roof to reduce runoff from 
the impervious surface.)

    Procedure

1.  Hook Your Students: What is in storm water? 

 Who has seen the big grates on the sides of 
streets in a city or town? These are called storm 
drains and carry runoff from surrounding land 
and pavement directly into lakes and rivers after 
a rainstorm or in the spring as the snow melts. 
Rural areas also have storm water runoff  
(recall non-point source pollution discussed in 
Lesson 4). 

 

 On the board, draw a Venn Diagram (2 large 
circles that intersect). Label one “Rural” and the 
other “Urban.” Ask students to write the name 
of a pollutant and its source on a self-adhesive 
note, and place into the proper circle. Which 
pollutants, and the activities that cause them,  
are common to both rural and urban areas?

 One of the most severe impacts on the water 
quality of streams, rivers, and the Great Lakes 
is the problem of storm water runoff. Water that 
runs off into our streams and lakes often carries 
pollutants from cars, lawns, pets, livestock, 
wildlife, streets, parking lots, and construction 
sites. Cities that have a combined sewer and 
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storm drain system often release millions of 
gallons of untreated or partly treated sewage 
into our lakes and rivers when the wastewater 
treatment plant becomes overloaded during large 
rainstorms.

 Outdoor Connection: Take your 
class on a “partner walk” outside to 
identify areas that contribute runoff and 
areas that reduce runoff. Students pair up 
to find at least 5 examples of each. Taking 
this walk during or right after it rains is 
very effective. Alternatively, this could be 
a homework assignment where students 
make observations on their way to and 
from school and list locations.

2. Use storm water metaphors to identify  the 
potential contaminants in storm water.

 A metaphor uses a tangible object to represent 
something similar. 

 Distribute one of the items listed below to each 
group of two or three students. Ask each group 
to tell the class how the item is related to urban 
storm water:
• Toy car – motor oil, gasoline, antifreeze
• Pet leash – pet wastes
• Toy snow shovel – road salt
• Toy houses – sediment from new construction, 

fertilizer and pesticides on lawns
• Fast food bag – litter/food garbage
• Plastic turf or golf ball – fertilizers and 

pesticides from lawns, gardens, farms
• Paintbrush – paints and paint thinner poured 

down the storm drain
• Car “soft cloth” or car wax – soapy water 

from washing cars on pavement
• Packet of seeds – exposed soil contributes 

sediments (sand, silt)
• Toy bulldozer – sediment from new 

construction
• Toilet paper – human wastes from 

wastewater treatment plant overflows

 Distribute the Background Information, After 
the Storm brochure, or Potential Impacts 
of Storm Water on Aquatic Ecosystems as a 
student reading that provides an overview of 
the storm water problem and describes possible 
contaminants in storm water and their effects on 
the aquatic ecosystem of a river or lake. When 
students are finished reading, discuss:  
 
Which of these pollutants run off in rural areas 
and which run off in urban areas? (Urban: 
sediment, road salt, fertilizers, pesticides, 
water fowl and pet wastes, soap, litter, thermal 
warming, motor oil, gas, grease.  Rural: 
sediment, fertilizers, pesticides, wildlife and 
livestock wastes)

 
 What is a combined sewer overflow(CSO)? 

[In some cities, storm water and wastewater 
are collected in the same pipe and go to the 
wastewater treatment plant for treatment prior 
to discharge. During large storms, the capacity 
of the wastewater treatment plant is exceeded, 
resulting in untreated wastewater and storm 
water being discharged directly into the nearby 
lake or river.]

 How might storm water harm aquatic 
ecosystems in streams, rivers, and lakes? [Storm 
water runoff can harm aquatic life by lowering 
dissolved oxygen levels and depositing sediment  
that covers gravels where fish and other 
organisms live and reproduce.]

 How does increasing the amount of storm 
water that runs off affect the availability of 
groundwater? [Less water infiltrates into the 
soil to become groundwater, lowering the 
groundwater table.]

3. How can we stop storm water runoff? 

 Show the Storm Water PowerPoint (10-minutes) 
provided on the MEECS Water Quality CD or 
view the After the Storm video (22 minutes) to 
illustrate storm water impacts and ways that 
property owners and communities can reduce 
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these impacts. Students should complete the 
Storm Water Study Guide after the PowerPoint 
or video.

 Review the term Best Management Practices 
(BMPs) from Lesson 4 and ask students to 
give examples of storm water BMPs that they 
observed in the PowerPoint or video. BMPs are 
practices that prevent or reduce water pollution.  
Examples of storm water BMPs are proper 
disposal of pet wastes, grassed waterways, 
increased green space in urban areas and parking 
lots, vegetative buffers along lakes and rivers, 
silt fences along streams and lakes during 
construction, and more. 

Outdoor Connection: Conduct storm 
drain stenciling to engage students  
in a service learning project for their  
community that will increase citizens’ 
awareness about storm water runoff and  
the need to not dispose of wastes in storm  
drains. Purchase stencils (http://www.
crstencils.com/) or contact your local 
watershed organization to see if they have 
stencils available for your use.

4.  Compare the quantity of storm water runoff 
from different soils and land covers.  

 What happens to rainwater? 
 Four factors determine how much of the total 

rainfall or snowmelt will run off: 
• Land cover (i.e., type of vegetation or 

amount of impervious surfaces)
• Amount of rainfall
• Existing moisture in the soil (i.e., when the 

soil is frozen or saturated, runoff is 100%) 
• Soil type (i.e., the soil texture determines 

infiltration rate, how much water the soil can 
take in and how quickly. Soils high in gravel 
or sand will have a greater capacity for 
infiltration, and therefore less rain will run 
off, than with clay soils.) 

 Here is a simple equation for estimating the 
volume of runoff: 

 Runoff = Rainfall – Losses     
(Hint: Recall what happens in the water cycle.)

 
 What are the “Losses” in the runoff equation? 

• Infiltration into soil 
• Interception by vegetation (leaves on plants 

intercept falling water, allowing more time 
for infiltration and evaporation)

• Storage in surface depressions
• Evapotranspiration from plant leaves
 

 Display the overhead transparency Storm Water 
Runoff and Infiltration and ask students working 
in small groups to rank which cover type and 
which land uses have the greatest runoff and 
which have the least. Ask students to explain 
their choices.

 City planners and watershed managers need to 
calculate the volume of runoff expected from 
a new development so that they can better 
manage storm water and protect water quality. 
If expected runoff is too great, planners need to 
design storm water control features to promote 
infiltration of rainfall and slow runoff. 

 For example, in 2003 the Oakland County 
Planning Office analyzed the Stony Creek 
watershed, a tributary of the Clinton River that 
runs through Rochester, a city northwest of 
Detroit, to determine the percentage of land 
surface that was paved or impervious to storm 
water infiltration. They found that the watershed 
is currently about 7% impervious. A build-out 
analysis based upon future land use development 
plans indicates that future imperviousness will 
increase to 12%. How will this affect runoff 
quantity? Runoff  quality? What can Oakland 
County do to reduce the amount of impervious 
surfaces? [As the amount of paved area is 
increased, there is more runoff. When 10-15% 
of an area is covered by impervious surfaces, 
the increased sediment and chemical pollutants 
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in the runoff can have a measurable effect on 
water quality. When 15-25% of a watershed 
is impervious to infiltration, aquatic life is 
harmed. Oakland County can implement Best 
Management Practices for all new construction 
to manage and contain their stormwater runoff 
on-site.] Who should pay for implementation of 
the BMPs: Citizen taxpayers or developers or 
both?

5.  Compare aerial photos from different years to 
identify changes in land use and how this might 
affect the quantity and quality of storm water. 

 Aerial photos and GIS (geographic information 
systems) maps are a common land use 
planning and natural resource management 
tool. Interpreting land use from aerial photos is 
not easy. Professionals, such as city planners, 
soil conservationists, civil engineers, and 
environmental scientists rely on their experience 
and best judgment to identify specific land uses 
in aerial photographs. 

 Distribute two aerial photos of your community 
for different years (or use the Huron Creek aerial 
photos for 1975, 1998, and 2010 provided on the 
MEECS Water Quality CD and in the Activity 
Kit) and the Comparing Aerial Photos student 
activity page to each student group. Show 
students how to interpret the aerial photos: 

 How can you tell a residential area from a 
forest? [Pattern of streets present.]

 How can you tell a shopping mall? [Large 
parking lot present]

 How could you pick out a park? [Usually a 
square area in a city without buildings.]

 How might forested areas look different from 
farmland? [See a tree pattern rather than pattern 
of squares showing different crops.]

 How have land uses changed over time? [There 
are more roads, commercial and residential 
areas in the later aerial photo, and less forest or 
undeveloped land.]

6.   Calculate area and runoff volume of storm 
water (for advanced students).

To give students a feel for how to calculate the 
volume of storm water that could run off a large 
parking lot or the rooftop of your school during a 
rainstorm, guide students through the following 
calculations (or you may want to ask your math 
teacher to cover area and volume calculations). 

 Let’s consider a large shopping center which 
might require 1,000 parking spaces. 

 A typical parking space is 9 feet x 20 feet =  
180 feet2 (includes adequate space for entry  
and exit to and from the vehicle)

 To calculate the area of a 1000-space parking 
lot: 180 feet2 /parking space x 1,000 spaces = 
180,000 feet2 

 Calculate the volume of storm water runoff from 
a 1-inch rain falling on the parking lot:  

 Volume of Storm Water = 
 Parking Lot Area x Depth of Rainfall

   = 180,000 feet2 x 1-inch rain

 Change units to inches:  
 180,000 feet2 x 12 inches/foot x 12 inches/foot 
 
 180,000 feet2 x 144 inches2/feet2  =  

25,920,000 inches2

 To get volume of rainfall falling on the parking 
lot, multiply by depth of rainfall:

 25,920,000 inches2 x 1 inch = 25,920,000 inches3 
of rainfall
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 Change cubic inches of rainfall to gallons:
 25,920,000 inches3 x 1 gallon/231 inches3 = 

112,208 gallons of rainfall on the parking lot.

 Will all of the rain that falls in a parking lot 
run off? Recall from the Storm Water Runoff  
and Infiltration overhead transparency that 
approximately 95% runs off (and the rest 
evaporates). 

 112,208 gallons x .95 = 106,598 gallons

 So 106,598 gallons of storm water will run off 
of a parking lot with 1,000 parking spaces…
and with it will come sediment, phosphorus, 
nitrogen, trace metals, and hydrocarbons. 
Nothing produces more runoff and delivers it 
faster than a parking lot. 

7.  Tying it all together.  

 The goal of Michigan’s Storm Water Program 
is to protect Michigan’s water resources by 
reducing the quantity and improving the quality 
of storm water runoff. 

 What can we do to help? [Do not wash your 
car in the street near storm drains, never pour 
anything into a storm drain, dispose of pet 
wastes properly, pick up litter, do not fertilize 
the lawn before a rain, plant a rain garden, etc.] 

 Ask students to explain in their science journals 
whether the following statement is true: “We all 
have the potential to affect the water quality in 
the lake or river in our watershed.” [Yes, we all 
use roads, buildings and parking lots, have pets, 
create wastes, etc. that contribute to storm water 
runoff.]

Assessment Options
Students will design a public education brochure 
using Publisher, PowerPoint, or other computer 
software program. The brochure should be designed 
for distribution  to community residents. See the 
Brochure Assignment & Rubric for information on 
what should be included in the brochure.

Provide students with the following websites to 
research best management practices for different
land uses and green infrastructure to include in their 
brochure:

• EPA’s Storm Water Program   
(http://www.epa.gov/npdes/stormwater)

• EPA’s Nonpoint Source Program  
(http://www.epa.gov/owow/nps) 

• EPA’s National Pollution Discharge Elimination 
System website has links to many topics/land 
uses.http://cfpub.epa.gov/npdes/pareas.cfm

• Urban Storm Water Best Management Practices: 
http://water.epa.gov/scitech/wastetech/guide/
stormwater/index.cfm     

• Michigan Department of Environmental  
Quality Storm Water Program  
(http://www.michigan.gov/deq/0,1607,7-135-
3313_3682_3716---,00.html)

• Construction Activities
 (http://cfpub.epa.gov/npdes/stormwater/const.cfm)
• Storm Water and Construction Industry Poster
 (http://epa.gov/npdes/pubs/swposter-final-

fullsize.pdf)  
• Green Infrastructure and Low Impact 

Development Practices
 (http://www.asla.org/greeninfrastructure.aspx)  

Also, look for BMP information online for 
preventing stormwater runoff and pollution from 
pet wastes, trash, lawn and garden activities, proper 
disposal of household hazardous wastes.

Have students select the “best” brochure. If possible, 
have the teacher make color copies and distribute 
the brochure to businesses in your community 
for posting or to give-away to increase public 
awareness, or present to local government officials.
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Extensions
1. Do the activity “A-Maze-ing Water” in Project 

WET Activity and Curriculum Guide, in which 
students use an 8” x 10” piece of cardboard and 
clay to make streets and curbs in a city. Sprinkle 
nonpoint source pollutants onto the community’s 
streets (see “pollutant” list from Lesson 3) and 
observe what happens as you squirt water onto 
the cardboard to simulate rain. Have a container 
available to catch the runoff!

2. Create a rain garden at your school to collect 
storm water runoff from roofs, sidewalks and 
parking lots. See “Additional Resources” for 
more information.

3. Have students collect and analyze the water 
quality of storm water: pH, temperature, 
dissolved oxygen, fecal coliform bacteria, 
nitrate-nitrogen, total phosphates, and turbidity 
using water chemistry test kits or digital probes. 
Follow safety precautions when collecting and 
handling storm water samples. 

4. Estimate the amount of runoff from your school 
grounds using Extension Lesson 8, Measuring 
Watershed Runoff at Your School and also 
described in Stormwater Runoff: Understanding 
the Ecological Impacts of Changing Land Uses 
published in GREEN TEACHER 83, pages 9-13 
on the MEECS Water Quality CD.

Additional Resources
Aerial photos of your community are available from the USDA Natural Resources Conservation Service 
(NRCS) office nearest you (http://www.mi.nrcs.usda.gov/). Aerial photos taken after 1993 are available 
online.  Photos before 1993 are hard copies; many have been scanned and posted online. Maps and aerial 
photos are organized by county. See the GIS data website: http://datagateway.nrcs.usda.gov/ or  
www.terraserver.com.

After the Storm brochure provides tips on preventing runoff from residential and commercial properties, 
farms, construction sites, automotive facilities, forestry operations, and others. U.S. Environmental 
Protection Agency and the Weather Channel.  http://water.epa.gov/action/weatherchannel/index.cfm. 

Design Guidelines to Enhance Community Appearance and Protect Natural Resources is a 65-page 
guidebook illustrating land use planning, “Smart Growth” principles, and Best Management Practices for 
communities. The guidebook compares traditional development to a more visually appealing approach that 
also protects natural and cultural resources. Tools to accomplish the recommended approach for 20 common 
development issues are suggested. Chadde, Joan, et al. (2005). Houghton, MI: Western Upper Peninsula 
Center for Science, Mathematics and Environmental Education. To order: http://www.wupcenter.mtu.edu/.

Effects of Urbanization on Water Quality is a Water Science for Schools web page from the U.S. 
Geological Survey that focuses on the impact of impervious surfaces and storm sewers on water quality. 
Retrieved July 18, 2011, from http://ga.water.usgs.gov/edu/urbanrun.html. 

Michigan’s Storm Water Program is designed to protect and preserve Michigan’s water resources. 
through a two step process. First, Michigan Department of Environmental Quality (MDEQ) is the 
designated regulatory authority to implement a storm water discharge permit program for the state  
of Michigan. Secondly, MDEQ has developed and implemented an educational component to the  
permitting process. Retrieved July 26, 2011 from  
http://www.michigan.gov/deq/0,1607,7-135-3313_3682_3716---,00.html.
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Public Education and Outreach on Storm Water Impacts is a U.S. Environmental Protection Agency 
website that provides useful public educational materials about the impacts of storm water discharges on 
water bodies and describes steps the public can take to reduce pollutants in storm water runoff.  
Retrieved July 18, 2011, from http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm.  

Rain Gardens: A How-To Manual for Homeowners leads the reader through sizing, siting, designing, 
selecting plants, building, planting, and maintaining a rain garden. University of Wisconsin Extension 
(UWEX Publication GWQ037). 2003. Retrieved July 18, 2011 from  
http://learningstore.uwex.edu/assets/pdfs/GWQ037.pdf.

Rain Gardens of West Michigan: Beautiful Solutions for Water Pollution is a website with detailed 
information about how and why to create a rain garden to reduce storm water runoff. Includes directions to 
public demonstration rain gardens from the West Michigan Environmental Action Council. Retrieved July 
18, 2011, from http://www.raingardens.org/.

   

Multi-Media Connections
After the Rain: Urban Runoff is a 30-minute film that explores the importance of water, the pressures 
our cities are placing on this precious resource, and ways that individuals can protect local drinking water 
supplies. (1999). Oregon State University. To view: http://oregonprogress.oregonstate.edu/mediaindex.php  
Retrieved July 25, 2011.

After the Storm is a 22-minute film and brochure that introduces the public to storm water runoff and the 
watershed concept. It also provides tips on preventing runoff from residential and commercial properties, 
farms, construction sites, automotive facilities, forestry operations, and others. U.S. Environmental 
Protection Agency and The Weather Channel (2004).  Retrieved July 25, 2011 from:  
http://www.epa.gov/weatherchannel. 

We All Live Downstream is a 29-minute film that examines urban and rural runoff and the problems it 
creates for America’s surface and groundwater supplies. It also offers tips that can help people reduce 
nonpoint source pollution in watersheds across the country. Both the video and transcript may be viewed 
online. Oregon State University Extension. (n.d.). Corvallis, OR: Oregon State University Extension. To 
view: http://oregonprogress.oregonstate.edu/mediaindex.php  Retrieved July 25, 2011.

Soil Stories-A Journey Beneath the Soil’s Surface is a series of 5-6 minute films, where main character, 
Francine, embarks on a journey of discovery that begins with her realization that soil is alive and that 
without soil, life as we know it would not exist. In her journey of discovery, she meets with soil scientists 
who help her “see” beneath the surface of the soil and help her understand how diverse yet ordered soil 
bodies are in the landscape, the value of soil surveys, and the physical and biological attributes of soils. 
(2011) Earth Sciences and Resources Institute-University of South Carolina and South Carolina Natural 
Resources Conservation Service. Retrieved July 26, 2011 from http://vimeo.com/channels/soilstories. 
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Curriculum Connections
The Project WET Curriculum and Activity Guide 2.0 contains 64 water education activities for K-12 
students. Activities are organized into seven broad categories about water including its unique physical 
and chemical characteristics, how it integrates all earth systems, its limited availability, water resources 
management, and social and cultural values. Helpful cross reference and planning charts help educators 
to quickly find the “right” activity for an age group, setting, concept, etc. In addition, WET educators may 
access a new companion Portal that contains searchable databases, discussion groups, state education 
correlations, and so much more. The Guide can only be obtained by attending a workshop (contact the 
Michigan Project, WET coordinator for information). Project WET Foundation (2011) Bozeman, MT.  
www.projectwet.org

Stormwater Runoff: Understanding the Ecological Impacts of Changing Land Uses describes how to 
engage students in measuring runoff from their school grounds. Chadde, Joan. In GREEN TEACHER 83, 
pages 9-13. (Reproduced with permission from Green Teacher, Spring 2008, www.greenteacher.com,  
1-888-804-1486.)
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Potential Impacts of Storm Water 
on Aquatic Ecosystems

Stormwater runoff occurs when precipitation from rain or snowmelt flows over the ground and into streams, 
rivers, and lakes. This runoff picks up anything on the ground—from dirt to automobile wastes, as it moves 
over driveways, sidewalks, parking lots, streets, lawns, and farm fields. These mostly impervious surfaces 
prevent the stormwater from naturally soaking into the ground, and if the pavement is warm due to solar 
radiation, it also warms the runoff and the body of water it enters. Below is a list of contaminants that may 
be found in the runoff which can potentially harm the receiving body of water.

Type	of	Human	Use Total	Coliform	Bacteria
(E. coli per 100 milliliters water)

Drinking 1
Total Body Contact (daily) e.g., swimming 300
Total Body Contact (monthly) 130
Partial Body Contact (daily) e.g., boating 1,000
Treated Sewage Effluent (weekly) 400
Treated Sewage Effluent (monthly) 200

Source: Michigan Department of Environmental Quality.  Part 4 Rules, Water Quality Standards, No. 1062

Dissolved	oxygen	(DO) in runoff is decreasd when 
the temperature of the runoff passing over warm 
pavement is increased. This impacts the receiving 
water body. Adequate dissolved oxygen is essential 
for the survival of most aquatic organisms. Warm 
water fish (e.g., bass) need at least 5 ppm DO, 
while cold water fish (e.g., trout and salmon) need 
at least 7 ppm DO.

Fecal	coliform	bacteria from Canada geese, 
ducks, and other birds or mammals that congregate 
along shorelines, along with other pathogens, can 
wash into lakes and rivers, fouling swimming areas 
and causing beach closures. Some cities have 
combined wastewater and storm water collection 
systems that can overflow during severe storms and 
high runoff, causing them to dump untreated human 
wastes (raw sewage) into lakes and rivers.  
It is not uncommon for beach closures to occur 
a day or two after a storm.  Below are the water 
quality standards for human contact. When Total 
Coliform counts exceed 300 E.	coli per 100 mL of 
water, beaches are closed.

Potential	Impacts	of	Storm	Water	on	Aquatic	Ecosystems, Page 1 of 2    

Oil,	grease,	metals	and	coolants	from vehicles 
can be picked up by storm water runoff in driveways 
and parking lots and may be toxic to aquatic 
organisms, causing death or inability to reproduce. 
Younger organisms are more susceptible to injury 
from contaminants.

Nitrate-Nitrogen	(N) found in fertilizer can be 
picked up as the storm water runs over lawns, golf 
courses, and farm fields. Excessive amounts in 
water accelerate plant and algal growth and are 
a serious cause of concern, especially in drinking 
water if ingested by infants.
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pH is a measure of how acidic or basic the water 
is, ranging  from 0 to 14. pH less than 7 is acidic, 
and pH greater than 7 is alkaline (basic). The pH 
of rainwater is typically 5.5, whereas optimal pH 
for most organisms is 6.5-8.0. Changes in pH can 
affect how chemicals dissolve in the water and the 
availability of these chemicals to aquatic organisms. 
Bleach, ammonia, and detergents have a pH of  
9-12 which is toxic to aquatic life. 

Organism Optimal	pH

Bacteria 1.5-13.5

Plants 6.5-12.0

Carp, sucker, catfish 6.0-9.0

Bass, crappies 6.5-8.5

Trout, aquatic macroinvertebrates 
(most mayfly, stonefly, and caddisfly 
nymphs)

6.5-8.0

Phosphorous	(P)	is an important nutrient that 
promotes the growth of plants. An influx of 
phosphorus from storm water runoff can accelerate 
plant growth and cause algal blooms, which 
ultimately results in a decrease in the dissolved 
oxygen due to increased activity of aerobic 
bacteria as they decompose the extra plant 
material. Sources of phosphates in storm water 
are sewage, animal wastes from feedlots, pet 
wastes, phosphate-based detergents (banned in 
Great Lakes states in laundry detergent, but NOT 
in dishwasher detergent), and fertilizers from lawns, 
golf courses, and farms. 

Potential	Impacts	of	Storm	Water	on	Aquatic	Ecosystems, Page 2 of 2    

Temperature determines the rate of chemical and 
metabolic reactions. The temperature of storm 
water is increased as it runs over dark–colored 
pavement warmed in the sun, speeding up 
reactions and reducing dissolved oxygen available 
in the water. 

Turbidity is a measure of the suspended particles 
or cloudiness of the water. Storm water runoff 
picks up dirt and other debris on its way to a lake 
or river. After storms, look for the large plumes 
of brown cloudy water discharging from culverts 
into lakes and rivers. Fine sediment in the water 
can damage the gills of fish and cover benthic 
macroinvertebrates and fish eggs in lake or river 
bottom gravels. 



Michigan Environmental Education Curriculum Support   Lesson 8	 Water Quality	 197

S
T

U
D
EN

T ACTIVITY

Storm Water Study Guide
Evaluating	the	Effects	of	Storm	Water	on	the	Aquatic	Ecosystem	of	a	Stream	or	Lake

Answer	the	following	questions.

1. Where does storm water go in urban areas?  In rural areas?  

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

2.  List three contaminants that may be found in storm water.

 i.  ________________________________________________________________________________

 ii. ________________________________________________________________________________

 iii. ________________________________________________________________________________

3.  How does land cover affect the quality and quantity of runoff? 

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

4.  List three best management practices or green infrastructure examples for cities and towns to reduce 
their storm water runoff and prevent pollutants from getting into storm water.

 i.  ________________________________________________________________________________

 ii. ________________________________________________________________________________

 iii. ________________________________________________________________________________

Name_________________________________      
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Storm Water Study Guide
Evaluating	the	Effects	of	Storm	Water	on	the	Aquatic	Ecosystem	of	a	Stream	or	Lake

Answer	the	following	questions.

1. Where does storm water go in urban areas?  In rural areas?  

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

2.  List three contaminants that may be found in storm water.

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

3.  How does land cover affect the quality and quantity of runoff? 

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

4.  List three best management practices or examples of green infrastructure for cities and towns to reduce 
their storm water runoff and prevent pollutants from getting into storm water.

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

  __________________________________________________________________________________

In	urban	areas,	storm	water	is	collected	in	storm	drains	that	carry	it	to	the	wastewater	treatment	

plant	(combined	sewer	systems)	OR	empties	runoff	untreated	into	streams,	rivers,	and	lakes.

In	rural	areas,	storm	water	runs	over	the	land,	eventually	running	into	streams,	rivers,	and	lakes.	

Sediment, pet/animal/human wastes (fecal bacteria), automotive fluids (oil, antifreeze, gasoline), 

road salt, soaps from car-washing, nutrients from fertilizers (see Potential Impacts of Storm Water 

on	Ecosystems)

Land	cover	determines	how	much	and	how	quickly	water	runs	off	the	surface	into	a	lake,	river,	

or stream. Slower moving water has more time to infiltrate into the ground or evaporate. Well-

vegetated land can slow runoff and filter out pollutants before they enter a lake or stream.

i.		Have	businesses	with	large	parking	lots	manage	their	stormwater	runoff	by	using	water	

retention	basins.

ii.   Leave vegetated strips along shorelines to filter out sediment, nutrients, and bacteria.

iii.	Use	porous	pavement	to	reduce	runoff	from	parking	lots.

iv. Pick up your pet’s waste and dispose of it properly—flushing is the best disposal method—

the	same	for	human	wastes!

v. Use pesticides and fertilizers sparingly on lawns, and avoid use when rain is predicted. 

vi.	Where	construction	is	taking	place,	divert	stormwater	away	from	disturbed	areas,	install	silt	

fences	and	properly	maintain	them,	and	seed/mulch	bare	areas	as	soon	as	possible.
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Infiltration Rates for Different Soils

Soil	Texture
Infiltration Potential	

(after prolonged wetting)
Infiltration Rate

(inches /hour)

Sand

Sandy loam  

Clay loam

Clay

Percent Runoff for Different Land Use Cover Types 

Land	Use Cover	Type	 % Runoff*

1. Agricultural Row crops and crop residue

2. Commercial  
(stores and offices)

Buildings, sidewalks, and paved 
parking lots

3. Forest Trees and shrubs

4. Pasture/fields for 
livestock or wildlife 

Grasses, forbs, legumes

5. High density 
residential

Lot size < 1/2 acre

6. Low density 
residential

Lot size > 1/2 acre 

7. Industrial Buildings and paved parking areas

8. Open space/ 
non-forested

Lawns, parks, golf courses, 
cemeteries with 50-70% grass cover

9. Wetland Standing water, vegetation

Storm Water Runoff and Infiltration

* Range of values for some cover types is due to different variables, such as degree of soil compaction, type of plant species, number of grazing animals, etc.

Source: USDA Soil Conservation Service publication Technical Release 55 (1986): Urban Hydrology for Small Watersheds provides runoff curve numbers and 
soil infiltration rates.
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Infiltration Rates for Different Soils

Soil	Texture
Infiltration 	
Potential	

after prolonged wetting

Infiltration Rate
(inches /hour)

Sand High infiltration 
(low runoff) > 0.30

Sandy loam  Moderate infiltration 0.15-0.30

Clay loam Low infiltration 0.05-0.15

Clay Very low infiltration 
(high runoff) 0.00-0.05

Percent Runoff for Different Land Use Cover Types 

Land	Use Cover	Type	 % Runoff

1. Agricultural Row crops and crop residue 30%

2. Commercial  
(stores and offices)

Buildings, sidewalks, and paved 
parking lots

95%

3. Forest Trees and shrubs 20-30%

4. Pasture/fields for 
livestock or wildlife 

Grasses, forbs, legumes 10-30%

5. High density 
residential

Lot size < 1/2 acre 80%

6. Low density 
residential

Lot size > 1/2 acre 50%

7. Industrial Buildings and paved parking areas 70-90%

8. Open space/ 
non-forested

Lawns, parks, golf courses, 
cemeteries with 50-70% grass cover

20-40%

9. Wetland Standing water, vegetation 5%

Storm Water Runoff and Infiltration

* Range of values for some cover types is due to different variables, such as degree of soil compaction, type of plant species, number of grazing animals, etc.

Source: USDA Soil Conservation Service publication Technical Release 55 (1986): Urban Hydrology for Small Watersheds provides runoff curve numbers and 
soil infiltration rates.
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Names_______________________________________________________

Comparing Aerial Photos

Directions: Compare the two aerial photos provided and answer the following questions.

Location of aerial photos _____________________________________________

Years of each photo:    _________ Year of photo #1   _________ Year of photo #2

1. How are the two aerial photos different? How have land uses changed?

  _________________________________________________________________________________

  _________________________________________________________________________________

2. What is the largest land use in the earlier photo? __________________________________________
 
 What is the largest land use in the later photo? ___________________________________________

3.  Which aerial photo shows a watershed that is better able to capture and store the runoff? Why?

  _________________________________________________________________________________

  _________________________________________________________________________________

4.  How might the water quality of the stream or lake be affected by the land use changes that have taken 
place in the watershed?

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

5.  How can the city reduce the impacts of storm water on the nearby lake or stream?

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________
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Comparing Aerial Photos

Note: These	answers	apply	if	using	the	Huron	Creek	watershed	aerial	photos	for	1975	&	2010	provided	on	
the	MEECS	Water	Quality	CD	and	in	the	Water	Activity	Kit.	Answers	will	vary	if	you	use	aerial	photos	from	
another	location.

Location of aerial photos _____________________________________________

Years of each photo:    _________ Year of photo #1   _________ Year of photo #2

1. How are the two aerial photos different? How have land uses changed?

  _________________________________________________________________________________

  _________________________________________________________________________________

2. What is the largest land use in the earlier photo? __________________________________________
 
 What is the largest land use in the later photo? ___________________________________________

3.  Which aerial photo shows a watershed that is better able to capture and store the runoff? Why?

  _________________________________________________________________________________

  _________________________________________________________________________________

4.  How might the water quality of the stream or lake be affected by the land use changes that have taken 
place in the watershed?

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

5.  How can the city reduce the impacts of storm water on the nearby lake or stream?

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

	 There	is	more	paved	area	in	the	2010	photo.	There	are	more	shopping	centers	and	less	

forested	areas.

  Open space/field.  

	 	 Residential/commercial.

 The 1975 photo has more vegetated areas that allows for more infiltration of storm water.

	 Less	area	covered	by	vegetation	and	more	pavement	increases	the	quantity	of	runoff.	In	

addition, storm water runoff contains fertilizers, nutrients, bacteria, sediment, and toxic 

materials	from	automobiles,	lawns,	human/animal	wastes,	and	construction	sites,	etc

.

 Provide vegetated depressions where storm water can seep into the ground, and maintain 

vegetation along lakes and streams to slow runoff and filter wastes from the storm water.

Huron	Creek	watershed

1975	 	 	 	 		2010
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Brochure Assignment (50 points possible)

Design a public education brochure to inform community residents about storm water impacts 
and what they can do to improve quality and decrease the quantity of runoff. The brochure 
should be visually attractive and engage the target audience. Use a landscaped  
8-1/2” x 11” paper, 2-sided, folded in three. 

The flyer should contain the following:
Ø	Description of the problem (including five impacts of uncontrolled storm water)
Ø	Data about the impact of the problem in Michigan
Ø	Explanation of who regulates storm water in Michigan
Ø	What homeowners can do to reduce the quantity and improve the quality of storm water runoff
Ø	Map showing the community’s proximity to a lake or river
Ø	Minimum of three illustrations—photographs, drawings  

diagrams, data table, or other illustrations
Ø	Correct grammar and spelling
Ø	Attractive design

Brochure Assignment Rubric

Name_________________________________      Total Points___________

Design	 	
♦	 Neatness, quality of work         ________/ 3
♦	 Blocks of text are appropriately labeled with headings     ________/ 3
♦	 Informational text is organized and easy to understand     ________/ 3
♦	 Correct spelling; free of grammatical errors      ________/ 3
♦	 Contains illustrations: drawings, maps, photos          ________/ 8

TOTAL			________/	20	Pts.

Content
♦	 Text describes: 

- the problem         ________/ 5
- data about the problem       ________/ 5
- explanation of how storm water is regulated or managed   ________/ 5
- three impacts of uncontrolled storm water     ________/ 5
- recommends best management practices                  ________/ 5

Bonus:	Work above and beyond what is expected	 	 								 		________/ 5
TOTAL		________/	30	Pts.

Total	points	possible:	50
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