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Project Introduction

Rivers worldwide respond to seasonal rainy periods with rising waters that can spill above the river banks. Floods are important for many species of plants and wildlife to survive. But flooding also can bring destruction to human settlements along riverbanks. 

Climatic conditions—melting snows and rain—are often the causes of flooding that come most readily to mind. But that’s only part of the story. In many places, human activities on the landscape have increased the impacts of floods by greatly altering how precipitation flows toward the sea. 

This project explores the phenomenon of flooding by monitoring and studying the seasonal run-off on the world rivers and in participating school watersheds as it actually occurs. Protocols for snow depth, snow density, and precipitation data collection follow guidelines provided the U.S. National Weather Service. Participating schools can submit their data to Rivers of Life for posting on our web site. Interested schools in the U.S. willing to make an on-going commitment to data collection can become volunteer data collection sites for the National Weather Service.

OBJECTIVE 1: COMPLETE PREPARATION ACTIVITIES

Preparation Activities:

Getting Ready for Rivers of Life

The activities below are recommended to help your class prepare for their online river adventure. The first activity, Introducing You and Your Watershed, introduces your class at the start of the program. Next is an activity that introduces watershed mapping—an activity that is common to all projects. 

Preparation Activity 1: Introducing You and Your Watershed

Introduce your class and community to your fellow Rivers of Life participants by submitting this information in the Introduction Discussion Item in the Conference Center at the start of the program. That way, we will know who is with us. Please include the following information:

•
Identify your class, grade level, school, and community.

•
Identify your latitude and longitude (you may want to post a world map with pins marking locations of other Rivers of Life schools).

•
Identify your school’s watershed, the river that flows through it, and the ocean it eventually empties into (see following exercise if your students need help answering this question).

•
Tell which of the four Rivers of Life projects you’ll be undertaking.

•
Share any other brief comment or greeting (a couple of paragraphs at most, please), including any work or study your school has done regarding rivers.

•
Send, via e-mail or US mail, a photo of your class or school for posting in the Rivers of Life Conference Center. 

Preparation Activity 2: Mapping Your Watershed

All four projects involve mapping activities that have common elements as well as elements specific to each project. This introductory mapping activity introduces the concept of a watershed and basic features of a river system, including river source, tributaries, confluences, river mouth, and direction of flow. 

For this activity, in addition to using a highway map and the topographic maps as described below, U.S. schools can also consult the watershed maps found at the Environmental Protection Agency’s Surf Your Watershed web site: http://www.epa.gov/surf/.  These maps will help students recognize the borders of their watershed and its position in relationship to nearby towns. More detailed larger-format maps of each watershed can be requested from the EPA web site, though these maps may not be available for all watersheds. The larger-format EPA watershed maps can be received via the Internet or US mail.

Background

How do rivers change as they flow across the land? How do human activities affect the well-being of streams and rivers?

You don’t need gills and fins to appreciate how important rivers are for maintaining and enhancing life. We draw an estimated ninety percent of our drinking water from the world’s rivers—yet that only represents ten percent of the water they provide us. Irrigation uses 65 percent and industry another 25. The world’s rivers were original highways and are still important for commerce, transportation, and recreation. Their banks have become sites for some of our greatest cities. Since ancient times, rivers’ mysterious ways and ever-shifting personalities have inspired musicians, poets, artists, and writers. 

Materials
· highway map 

· USGS or other topographical maps and photocopies of those maps

· colored pens

Procedure

Wherever you stand on planet Earth, you’re always within a watershed—an area of land that drains into a river or stream. Explore the concept of a watershed by studying the course followed by a nearby stream. 

Step 1.  Using a highway map, choose a small nearby stream to explore. Since a large stream may cover many of the topographic maps used in this activity, choose a stream less than about 16 km. (10 mi.) long. 

Step 2.  U.S. schools can order copies of the U.S. Geological Survey (USGS) topographic “topo” map (or maps) that show the length your stream. Schools in other countries can check with government offices to see if similar topographic maps are available. A state index of USGS topo maps and the maps themselves ($4 each) can be ordered by calling toll-free 1-800-USA-MAPS. Also, local outdoor stores may have topo maps of streams in your area.

(Note: To introduce the basic features of a watershed, this activity can be completed using any single topographical map [or contiguous series of maps] that has an entire watershed within its borders—it doesn’t have to be a map of a nearby stream. To save time finding and ordering local topo maps, you may find it easier to purchase from a local outdoor store topo maps of a regional or national wilderness area, which are more likely to be stocked than local maps of developed areas. )

Step 3.  Photocopy the parts of the maps that show your stream and carefully tape the photocopies together to form one large map. 

Step 4.  Mark with colored markers the source and mouth of the stream, confluences (meeting points) with any tributaries, wetlands, connected ponds or lakes, and any dams or rapids.

Step 5.  Figure out which way the stream is flowing on the map by studying the elevation numbers on those contour lines that cross the stream (descending elevation numbers indicates downstream flow). Draw directional arrows on the stream to show which way the water flows. 

Step 6.  Trace the watershed boundaries of a small creek that drains into your stream. Follow the creek to its source, then continue uphill until contour lines indicate the land begins sloping downward. This ridge is the “height of land” separating the creek’s watershed from neighboring ones. Trace this meandering ridge line in both directions until you’ve drawn the boundaries of the creek’s watershed. 

Reflection Questions
· How many other small watersheds can you find on your map?

· What do colors and symbols on the topo maps suggest about how land is used in your stream's watershed? 

· Can you estimate the height of any dams by studying the map’s contour lines? Do symbols and colors suggest what any dams may be used for?

OBJECTIVE 2: WEATHER STATION SET UP

Activity 1: Assembling Equipment

Chasing the Flood participants are encouraged to collect precipitation, snow melt, and snow density data according to the protocols described below. These simple protocols, which the National Weather Service (NWS) uses in its efforts to monitor precipitation rates, require the use of a precipitation gage and measuring stick graduated to hundredths of an inch. These can be purchased for about $30 (US) or easily made from a coffee can and tall, narrow jar. North American schools who can make a regular commitment to data collection are welcome to become regular volunteer data collection sites for the NWS. Contact Rivers of Life staff for information about registering your school with the NWS.  Note: Though we try throughout Rivers of Life to use metric and US measurements, to be consistent with NWS protocol, this activity uses US measures.

The NWS protocol calls for the following equipment for taking precipitation and snow depth measurements:

· a non-recording precipitation gage with measurement tube

· a measuring stick graduated to hundredths of an inch with a scale expanded by a factor of 10 (i.e., 1 inch of precipitation covers 10 inches of the stick) 

· a sturdy yard stick for measuring snow depth (graduated to tenths of an inch preferred but not required)

· a snow board about 16 X 16 inches

These can be obtained as follows:

1.  Purchasing: The gage, measuring tube, and built-in measuring stick can be purchased for about $30 (US—include shipping and handling; specify 11-inch rain gage and send or fax PO or mail check, delivery should occur the next day):

Productive Alternatives

1205 North Tower Rd.

Fergus Falls, MN 56537

USA

Phone: 218-736-5668

2. Building a non-recording gage and snow board with your class. The non-recording gage is made up of a pair of water-tight, sturdy cylinders, both with straight sides and one approximately ten time wider than the other.  The non-recording gage is simply a sturdy cylinder approximately 10 inches in diameter and 14 inches tall. It must have straight sides and be watertight. The measuring tube is a straight-sided cylinder 10 inches tall with a diameter about 1/10th as wide as the gage. While you will probably want to purchase the measuring stick from a store, here is a plan for constructing the gage:

Materials

· A one-pound coffee can (large cylinder)

· A tall, narrow olive jar (small cylinder)

· A strip of paper, an inch wide and the same height as your small cylinder

· Pen

· Scotch tape

· A thin plywood board painted white approximately 16 X 16 inches

Background

You could measure precipitation simply by putting the coffee can outside and measuring the depth of accumulation with a ruler. The only problem with this method is that often the amounts of rain or snow are so small it is difficult to get an accurate reading. Instead, your students can use the large cylinder to catch the precipitation and then pour it into the small container for measurement. This effectively magnifies the scale of measurement by a factor of about 10.

Procedure

Step 1.  Place the ruler vertically, zero end down, beside the large cylinder and carefully pour one inch of water into the large cylinder.

Step 2.  Pour the water from the large cylinder into the small one.

Step 3.  Carefully hold the strip of paper vertically against the outside of the small jar so that the bottom end touches on the same flat surface the small jar is resting on.

Step 4.  Make a line on the paper strip at the height of the water in the small cylinder—this represents one inch of water.

Step 5.  Put the paper on the table and make another mark the same distance above the first mark as it is from the bottom of the strip. Continue making marks at the same interval until you reach the top end of the paper.

Step 6.  Divide the space between each mark into ten equal units and carefully mark them on the strip. Each of these units represents one tenth of an inch.

Step 7.  Then try carefully dividing the space between each of those marks into ten equal spaces. Each of these new marks equals one hundredths of an inch. (Note: the narrower your small cylinder is the easier it will be to accurately mark gradations of hundredths of an inch.)

Step 8.  Make the snow board from a scrap piece of plywood that has been painted white so as to minimize its tendency to melt snow that falls on it. 

Activity 2: Locating Your Weather Station

(Activities 2 and 3 are adapted from the National Weather Service Handbook No. 2: Substation Observations.)
Background

To get accurate measurements of snow depth and precipitation you must set up your weather station someplace where wind and airborne eddy currents won’t result in excessive or reduced quantities of rain or snow. The best places are often found in orchards, openings in a grove of trees, bushes or shrubbery, or where fences and other objects acting together serve as an effective windbreak. The height of such objects above the gage should not exceed about twice their distance from the gage or they will lose their effectiveness. 

You can engage your students in helping to figure out where your weather station should be located. 

Procedure
Step 1.  Have your students brainstorm what environmental factors could alter the amount of precipitation falling on the ground at a particular place. Help them think through these options until they see that wind and eddy currents (currents of moving air that “wrap around” stationary objects) are the primary factors.

Step 2.  Discuss possible locations nearby the school that might be well suited. Break into smaller groups and visually inspect optional sites before selecting one.  

Activity 3: Taking Measurements

Background

The following three measurements are relevant to the activities in this project:

· snow depth

· precipitation

· snow density (water content of snow)

Snow depth and precipitation measurements take about 15 minutes to do and should be conducted each school day. The more time-consuming snow density measurement takes about a half hour and can be taken once per week. 

1.
Snow and ice depth. Snow depth measurements are taken with a sturdy yard stick with gradations of tenths of an inch (preferred but not required). To take the measurement simply thrust the yardstick into the snow until it reaches solid ground, being careful not to confuse an ice layer at ground level with the ground itself. 

Involve your students in the process of deciding where snow depth measurements should be taken. They will need to find a place that represents an “average” snow depth. “Average” snow depth is a subjective determination that should be based on careful observations that exclude drifted or windblown areas. 

If your students determine variable snow depths even if no precipitation has occurred, have them develop hypotheses as to the causes of these changing data (melting or compacting could be explanations). Have your students track daily temperatures and develop graphs correlating changes in temperature with changing snow depths as a way to test their hypotheses. 

2.
Precipitation as snow, ice, or sleet. Daily snow, sleet, or ice accumulation is measured by using the snow board. The day before taking your first measurement have your students place the snow board on top of the snow so that it is flush with the current snow level. It should be left in a place where it won’t be disturbed. The next day if snow has fallen your students should measure down to the level of the snow board (note: if you use the measuring stick that comes with a precipitation gage you’ll need to multiply results by 10, as the scale of these sticks is expanded by a factor of 10). After taking the measurement, remove the snow from the snow board and place it on top of the snow again. Note: quantities of .05 inches or less can be recorded as a “trace,” using the letter “T,” in your report.

3. Precipitation as rain. Daily rain measurements are based on rain that accumulates in the gage, which should be left outside. In order to get accurate measurements, have your students carefully pour the rain from the gage into the measuring tube. They insert the measuring stick into the tube and remove it (or they check rain depth on paper measure for hand made tubes), noting the measurement based on how much of the stick is wet. A full tube represents 2 inches of rainfall. Note: quantities of .005 inches or less (less than half the distance from the end of the measuring stick to the first etched line) can be recorded as a “trace,” using the letter “T” in your reports.

4. Snow density (water content of snow, ice, or sleet). This measurement takes about a half hour and needs to be undertaken only once per week. The process involves using the non-recording gage to take a snow sample, then melting the snow to determine its water content. 

A. Find an area with average snow depth to take your snow sample. Invert the gage and push it down into the snow until it is filled with snow. Dig away the snow from one side of the gage and slide the snow board across the open mouth of the gage to keep the snow from falling out when the gage is lifted up. (Note: if the snow is deeper than the height of your gage, you’ll need to repeat this step after you’ve determined how much water is contained in your first sample. If this is the case, be careful to take another layer of snow from the same place, repeating the process until you’ve reached solid ground.)

B. Turn the gage upright and follow the procedure illustrated below to determine how much water is contained in the snow (illustration is from the National Weather Service Observing Handbook No. 2: Substation Observations, p.35). 
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Activity 4: Submitting Your Data

Instructions

Your students will be submitting data to Rivers of Life on a daily basis (Monday through Friday) via e-mail. Reports submitted Monday through Thursday need only contain daily precipitation and snow depth data. Each Friday also include the snow density measurement for the week. Note: you can do your snow density measurement any day of the week, but it should be the same day each week. 

Your e-mail reports should adhere to the following format:

1. Monday through Thursday reports:





24 hr. precipitation:
rain = X.XX (nearest hundredths of an inch)









snow = X.X (nearest tenths of an inch)






Snow Depth = X.X (nearest tenths of an inch)





2. Friday Reports:


24 hr. Precipitation:
rain = X.XX (nearest hundredths of an inch)







snow = X.X (nearest tenths of an inch)






Snow Depth = X.X (nearest tenths of an inch)






Snow Density = X.XX (nearest hundredths of an inch)

Activity 5: Connecting Precipitation, Snow Data & River Levels

Note: the following activity may be too complex for younger students. Instead of tracking river levels of local streams through the USGS web site, younger students can simply follow media reports or, for US schools, contact the regional National Weather Service River Forecast Center (check this web site for nearest location: http://snow.nohrsc.nws.gov/rfc/rfc.htm) to determine when local rivers are above, at, or below flood stage.  Schools outside the US can check with local government authorities to see if similar resources can be found.

Background
The connection between flooding and the amount of water falling as precipitation or melting from snow cover is complex. Landscape features—including geology, soil composition, and ground cover—can influence flooding. Also many human activities have far-reaching effects on how quickly surface water flows across the land. The draining and filling of wetlands and changes in the structures of rivers brought about by dredging and building locks and dams, wing dams, and levees can alter the rate and quantities of water flowing downstream. Urban development covers porous soils with impervious (hard, non-porous) surfaces that increase speed and volume of runoff.  Other activities in the Chasing the Flood project will explore some of these human impacts on rivers.

At the same time, gathering precipitation, snow depth, and snow density data will provide your students with access to important information used by scientists and others to help anticipate changing river levels. The following activity will enable your students to observe how changing rates of precipitation, snow depth and snow density, and river levels relate to one another in your community. It also will help your students grasp the complexity of the issue and instill some appreciation of the work undertaken by those who address problems associated with flooding. 

First, a little background information on how water levels in streams and rivers are measured. There are two common measurements taken of a river that reveal how “high” the river is at any given time. These are:

· Streamflow that is usually measured in cubic feet per second. Streamflow indicates how many cubic feet of water are passing by a particular point each second. 

· River stage is a measurement of how many feet the water surface is above an established point of elevation. The reference point in some cases is the streambed, in which case the stage is a measurement of how deep the river is at that point along the river bank. 

Together, these measurements provide hydrologists with a snapshot in time of the water level of a river. A third distinction is also relevant. 

· Flood stage is a subjective level at which rising water in a river will begin to damage human interests. Flood stage varies between communities, even on the same river. Tracking how close a river is to flood stage can be done by watching for reports by the media and by regional NWS River Forecast Centers. 

Procedure
Step 1.  Discuss with your students why water levels on rivers may change over time.  Have them identify possible causes.  Discuss the role that precipitation may play in the process.  Have them develop hypotheses about how anticipated precipitation conditions in your area will relate to changes in river levels.  Note hypotheses and review them periodically and at the end of the course for evaluation, further discussion, and review.

Step 2.  Explore with your students the US Geological Survey’s Current Hydrologic Conditions web site at:  http://h2o.usgs.gov/public/realtime.html.  The home page for this site has two valuable resources: a US map showing locations of USGS stream gaging stations around the country and an online document called the “Stream Gaging Program of the USGS,” which provides background information on the monitoring of streamflow. A click on the US map in the vicinity of your school will produce a list of the ten closest streamflow gaging stations (you can also access the nearest stations by selecting state and county maps or lists by state and county). Follow the links to one of these gaging stations and you’ll see two up-to-date graphs—one indicating streamflow in cubic feet per second (cfs) over the previous week, the other indicating river stage during the past week recorded in number of feet above an established elevation. 

Step 3.  Have your students print out these graphs once a week for the duration of the Rivers of Life program to keep track of how levels fluctuate. 

Step 4.  Also monitor news reports to see how high the streamflow and river stage levels are in relationship to the community’s recognized flood stage. 

Step 5.  Have your students also make weekly charts of their precipitation, snow depth, and snow density data so that they can trace any correlations between heavy rain events or significant snow melt and rising waters in nearby rivers.

Extension
After your students have completed enough historical research to identify significant past flood events on local rivers, visit the USGS’ United States Surface Water Retrieval web site at: http://water.usgs.gov/swr/.  This site provides historic streamflow data for each of the USGS gages listed in the Current Hydrologic Conditions web site mentioned above. Have your students enter the dates for the historic flood event for the same gage you’re tracking currently. Compare and discuss the results. 

Activity 6: Flood Mapping

Background
This activity builds on the basic watershed mapping activity described in Preparation Activity 2, above. The basic mapping in that activity introduces important components of watersheds and rivers. In Flood Mapping, your students will create map features that indicate impacts of flooding and strategies of flood management in your watershed. Students can develop these maps throughout the length of the Rivers of Life program, either in conjunction with or instead of other activities in Chasing the Flood. 

Defining Boundaries. Watersheds can be considered at multiple levels of scale and you’ll have to define the boundaries for your school’s watershed for this mapping project. The size you choose is up to you, but we suggest something between 10 and 100 square miles (26-260 square kilometers). You can explore the Environmental Protection Agency’s Surf Your Watershed web site (http://www.epa.gov/surf/ ), which can generate local watershed maps throughout North America that you can print (see page 15 of the introduction session for assistance in printing web pages). 

To make best use of these maps, you may want to enlarge them with a photocopier and have your students trace their features on butcher paper or newsprint to create a baseline map that they can add features to in this activity. 

Procedure
Step 1.  Discuss with your students the following questions and list responses on the blackboard. The intent is not to come up with definitive answers, but to have students assess what they know and don’t know, and which questions are interesting. Note and point out which questions are more readily answered and which would require study and research. 

1. What are “your” watershed’s boundaries?

2. What primary rivers and streams occupy your watershed and where are their sources?

3. Where are the predominant natural communities in your watershed, i.e., forests, prairies, wetlands, lakes, streams?

4. Where has flooding occurred in your watershed? 

5. How have the impacts of floods on human communities changed over time?

6. Where are locations of flood management structures—locks, dams, levees, wing dams, dredging operations—located within your watershed?

7. How has the channel and flow of the stream been altered as a result of flood management practices? 

8. Where are human developments located within the reach of the highest recorded flood levels (the 100-year flood plain)?

9. What animal and plant species live in your watershed that require flooded conditions for their survival? Where do they live?

Step 2.  After reviewing these questions, have your students in small groups discuss and rank the questions according to levels of interest. For the top five or six questions in each group’s list have the students brainstorm what additional sources of information would be useful for answering the question more fully. Then, as an entire class, rank the questions according to interest and brainstorm and list sources of information useful in answering the questions. You might want to add suggestions, including: visits to locks and dams or other flood control structures; searching for historic accounts of past floods using historical society or library resources; field trips to visit flood-plain areas; interviewing family and community members who have lived through flood experiences; arranging for classroom visitors such as hydrologists or wetland biologists; using Internet resources listed in this Teacher’s Guide; and conducting newspaper, magazine, and book research. 

Step. 3.   Once the top 4-6 questions have been selected, divide students into small working groups that will be responsible for research and map development of a chosen question. Work with them in developing a research plan that coordinates classroom resources—i.e., arrange for classroom visitors or field trips that can assist most or all groups with their research. 

Step 4.  When students have assembled enough information to begin adding it to their base maps, they can develop the following map features:

· a set of symbols to represent such data as the locations of natural communities; areas that have flooded in different years, locations of flood plain developments, habitats for flood-dependent species; and changes in river channels due to flood control strategies

· a legend revealing the meaning of map symbols 

· a scale 

· a way of orienting the map to the cardinal directions 

Activity 7: Flood Scrapbook

How do people and human communities respond when flood waters rise? What are the impacts of flooding for people and for natural communities? Keeping a scrapbook that provides a photographic and written record of flooding as it occurs is one way to explore these questions.

1.  Discuss with your students the questions listed in the mapping activity above and decide as a class or in small groups which questions will direct their search for media and/or historic information about the spring runoff. For example, a group of students could be collecting newspaper clippings about the spring runoff and watching for how much the articles focus on human impacts of flooding versus environmental benefits for flood-dependent species. 

2.  The scrapbook could compare news and photos of an historic flood with the runoff occurring today. Investigations can focus on changes that have occurred since the previous flood regarding flood management and the locations of buildings and communities. 

3.  The scrapbook could also be developed as an artistic or literary reflection on the experience of the spring runoff or of past floods. In response to historic or current photos and written accounts, your students could write fictional responses and poetry or create drawings or paintings. 

OBJECTIVE 3: HOW THE SURFACE OF THE LAND HAS CHANGED

Continue any precipitation, snow depth, and snow-monitoring data collection, flood mapping and flood scrapbook activities that your class has decided to do.

Activity 8: Urbanization and Runoff

Background

Urbanization of rivers affects water quality by adding pollution to the waters. Another very important effect impacts not only the above-ground river and the land surrounding it but also the subterranean ground water river systems. 

Materials

· two 12-in. x 12-in. flat pieces of some impervious surface (i.e. ceramic tile or plywood)

· two pedestals (e.g., a small inverted waste basket) from 6-12 in. high (15-30 cm), on which to balance the two flat pieces

· two cake pans, low-sided cookie sheets, or basin in which to catch runoff

· a piece of sod, swamp cover, lichen, or sphagnum moss to simulate non-urban ground cover

· a plant sprinkler or watering can

Procedure
Step 1.  To explore impacts of urban development on rivers, ask your students what they think happens to water falling to the ground as precipitation.  Have them estimate how much of it:

· evaporates

· flows to streams as surface run-off

· joins groundwater

Then, have your students read carefully the following paragraph and then conduct the simple experiment described below. 

“Water that falls to earth as precipitation usually follows several paths in the hydrologic system. Generally, from 54% to 97% returns to the air directly by evaporation and transpiration, from 2% to 27% collects in stream systems as surface runoff, and from 1% to 20% infiltrates the ground and moves slowly through the subsurface toward the ocean.”

— From W. Kenneth Hambloy, “River Systems,” p. 169. 

Step 2.  Discuss with your students the following questions: how important to your community is the replenishment of ground water? What is the source of most of the drinking water in your community? What would be the result of serious depletion of ground water reserves in your community? What other sources of water are available? What if water became extremely scarce and was bought and sold by commercial interests as crops and livestock are today? 

Step 3. Stand the two pedestals in the center of the cake pans and place the impervious surface and the impervious surface covered by the sod, swamp cover, lichen, or sphagnum moss on top of the pedestals.

Step 4.  Have students “rain” equal amounts of water on both surfaces and note these results: time interval for each between onset of rain and onset of runoff into the receptacle;

· volume of runoff in receptacle after 3-5 minutes of time;

· velocity of the water as it leaves the 2 surfaces on its way to the receptacle. 

Reflection Questions
· Ask students about the connections of their experiment to the paragraph from River Systems. What areas in the city resemble the uncovered impervious surface (i.e., roofs, sidewalks, roadways, parking lots)? Which areas in the city resemble the vegetation-covered surface (i.e., parks, areas surrounding lakes, wetlands, riparian corridors)?

· In the city, what happens to water that lands on paved surfaces? Consider the storm sewers that ultimately contribute to rivers. Discuss both the quantity and the velocity of runoff in urban areas and relate it to the capacity of the river to handle such quantity. (Note: Increased quantity and velocity, in addition to the draining of over 50% of this nation’s water-holding wetlands, have resulted in increasingly destructive floods in vulnerable areas.) Additionally, what does urbanization mean for replenishment of ground water reserves? 

Extension
Create a poster to advertise actions young people and adults can take to decrease run-off.

· Plant grass/plants/trees on bare ground.

· Stay on bike, roller blade and hiking trails and paths.

· Watch sprinklers so as not to over-water on impervious surfaces.

· Join organizations to preserve wetlands.

OBJECTIVE 4: THE LOSS OF TOPSOIL THROUGH EROSION

Continue precipitation, snow depth, and snow-monitoring data collection, flood mapping and flood scrapbook activities.

Activity 9: The Erosion Equation

(This activity is adapted from the Minnesota Living Rivers curriculum, by Kia Harries and Amy Rager, published by the Minnesota Extension Service)

Background
Erosion - the washing of topsoil from the land surface - is a significant problem for river environments. The Mississippi’s backwater areas, which support one of the earth’s great waterfowl flyways, have been filling with sediment to the extent that flood-plain ecosystems are seriously threatened. Erosion and flooding are often related—as vegetation is removed for agricultural and urban development water flows more quickly off the land, carrying heavy loads of topsoil.  

Procedure
Step 1.  Fill two identical pans with soil.  Pack down the soil and level it off with the edge of the pans. Tilt one pan slightly and tilt the other pan steeply by propping one end up on a block or brick.  (This works best if the pans sit on a flat surface like cement or a board.) Sprinkle both pans equally with a watering can or pitcher.

Step 2.  Discuss with students what soil erosion is and how it can be caused by rainfall.  Ask students how the slope of the pan affected the amount of soil that was washed out of the pan. Ask students why the steeper sloped increase rates of erosion.

Step 3.  Fill two identical pans with soil. Pack down the soil and level it off with the edge of the pans. Cover one pan with mulch or leaves while leaving the other pan bare. Place pans on a flat surface (like cement) and tilt at equal angles. Sprinkle both pans equally with a watering can or pitcher. Ask students how ground cover affects soil erosion.  Discuss why ground cover minimizes erosion.

Step 4.  Fill two identical pans with soil.  Pack down the soil and level it off with the edge of the pans. Place pans on a flat surface and tilt pans at equal angles. “Plow” the soil with a garden trowel. “Plow” so that the furrows run up and down the slope in one pan and across the slope in the other. Sprinkle both pans equally with a watering can or pitcher. Ask students how furrow orientation affects soil erosion. Ask why less erosion occurred when the furrows ran across the slope.

Step 5.  Discuss the types of farming or development practices that can be expected to accelerate erosion.  Students should be able to explain that development on bare fields and plowing up and down slopes increases soil erosion problems. Then discuss methods to minimize soil erosion, such as maintaining ground cover, plowing across slopes, and minimizing development on steep grades. Finally, the negative effects of soil erosion (sedimentation in water bodies, the loss of valuable topsoil) and the benefits of minimizing soil loss should be discussed.

Extension 

Visit a farm to observe erosion control practices or invite a local farmer to come in and talk to the class about soil erosion.  Also a visit to a local river project could show some erosion control techniques.

OBJECTIVE 5: WATER DOWN THE DRAIN

Continue precipitation, snow depth, and snow-monitoring data collection, flood mapping and flood scrapbook activities.

Activity 10: Where Does the Water Go?

(This activity is adapted from Water Matters, published by the National Science Teachers Association in cooperation with the U.S. Geological Survey.)

Background

This activity focuses student attention on where water goes after it is used and introduces them to the USGS water education poster entitled, “How Do We Treat Our Wastewater?” (Note: the USGS poster series is being sent to all schools participating in Rivers of Life.) In this activity, students track their own water use and brainstorm about what happens to that water after it is disposed of. Some of the basic water treatment systems also are introduced.

Procedure
Step 1.  Ask students to estimate the quantity of fresh water used in the last 24-hours using the “Water Use Chart” on the reverse side of the primary level poster, “Water: The Resource That Gets Used & Used & Used for Everything.”  Students should compare the quantity of water they have consumed with that of their classmates. 

Step 2.  Once students develop a good sense of the volume and character of their water use, ask them the simple question: “Where did all that water go after it was used?” Begin a brainstorming session about the disposal of waste water. List their responses on the chalkboard. After a few minutes, examine the replies. Initial responses most likely will include: “down the drain,” “into the sewer,” and similar general concepts. Prompt students to think further down the line by asking questions like “What does the drain flow into?” and “Where does the sewer go?” Ask them to write a description of where they think wastewater goes after it is used.  After several minutes of brainstorming, display the “How Do We Treat Our Wastewater?” poster and ask your students to examine it.

Step 3.  To encourage closer study of wastewater treatment systems, divide your class into four groups and distribute two adjacent poster sections to each group. (Distributing sections that make up columns work best.) Ask them to follow wastewater through as many pathways as they can.  How many kinds of pathways are represented? Make transparencies of the left column panels on the poster's reverse side (depicting the different system types). Show each transparency and ask students whether any of the types (e.g., septic tank, leach field, etc.) are represented in their poster sections. Tally the results as you proceed and be sure to locate each type of the treatment on the poster so your whole class is introduced to these systems.

Extensions
Ask your students to investigate what kind of wastewater treatment system is used for their homes. Where does their wastewater go? Not all wastewater is treated in the same way. Water sprayed on lawns does not receive the same kind of treatment as water sent down the sink. Ask students to find out how many water treatment systems they have around their home or school.

OBJECTIVE 6: WETLAND INTRODUCTION

Continue precipitation, snow depth, and snow-monitoring data collection, flood mapping and flood scrapbook activities.

Activity 11: What’s a Wetland Worth?

“Wetlands are not wastelands.  Acre for acre, wetlands produce more wildlife—in numbers and variety—and more plant growth than any other habitat.”


-Wisconsin Department of Natural Resources, PUBL-WZ-026 93.

Background

The Wisconsin Department of Natural Resources defines a wetland as: “An area where water is at, near, or above the land surface long enough to be capable of supporting aquatic or hydrophytic (water-loving) vegetation and which has soil indicative of wet conditions.”

In addition to providing habitat for wildlife, wetlands provide an absorbing agent for rainwater and runoff. Like sponges, wetlands are highly absorbent and capable of holding large quantities of water. They can be instrumental in controlling floods. 

In times past, and in the minds of some people today, wetlands were considered wastelands. Can you think of people, groups of people/professions that would see wetlands as worthless areas? What might their reasoning be?

In current times, few people still believe wetlands to be worthless. Today, many people and groups work very hard to preserve wetland.  How do you think this thinking came about? What did people learn, witness, research, etc. to promote this change?

Materials
· sponge

· shallow box slightly larger than sponge that lined with plastic-wrap or foil 

· cake pan or similar container to catch water

Procedure
Step 1.  Discuss and record responses to these questions: In what ways is a wetland different from a lake? A river? Describe areas in which a wetland would likely be found. Do you know a wetland by any other names? How would your senses detect a wetland?  What does a wetland sound like? Look like? Smell like? What in it is edible? What would it feel like to walk through one? 

Step 2.  Present the following words that describe different kinds of wetlands. Ask students to provide definitions of each, and then discuss the presented definitions.

· SWAMP: A forested or shrub-dominated wetland (conifer swamps, bottomland forests, alder and willow thickets are types of swamps.)

· MARSH: An open, unforested wetland (conifer swamps, bottomland forests, alder and willow thickets are types of swamps.)

· BOG: A peaty (peat is decomposing plant matter) wetland that has no significant water movement in or out of it.  Muskegs or peatlands are usual alternative names.

· FEN: A very rare marsh-type wetland whose water source comes at least in part from mineral-rich ground water.

Step 3.  Place a sponge in foil or plastic wrap-lined box with dimensions only slightly larger than the sponge. The box should have drainage holes every inch or so along the bottom. Pour a measured quantity of water in a steady stream on top of the sponge. Let water drain out the bottom into a container. Measure the amount of water in the container. About what percentage of the water was held by the "wetland" sponge? Discuss with your students how during heavy rainfalls and flooding the holding or storage capacity of a wetland would be particularly important.  

Step 4.  Pour water containing dissolved and suspended dirt slowly onto the sponge. Compare the clarity of water discharging from the bottom of the box to the water poured onto the top. Basically, the "wetland" sponge acts as a filter. What other filtering systems are there? In a car? In your body? What kinds of things might a wetland filter out?

Step 5.  Fact: Over 50% of this nation's original wetlands have been drained for agricultural, industrial, or residential use. Discuss with your students what could be the short and long-term consequences of this trend?

Step 6.  Share quote: “Wetlands are not wastelands. Acre for acre, wetlands produce more wildlife—in numbers and variety—and more plant growth than any other habitat.” Discuss how important this fact is? What species are affected as wetland habitat disappears? Is the human species affected? In what ways?

Step 7.  With the above quote in mind and other information learned in this lesson, ask students to write their answer to the question "What is a wetland worth?"

Extension

Have your students write fictional or non-fictional responses to the following questions: 

· In what ways do you have an impact on the watershed in which you live?  

· In what ways do you have an impact on a wetland near your home?  In what ways do watersheds and wetlands have impacts on your life?

· In what ways are you like an absorbing, accepting wetland? In what ways are you more like a paved surface, easy to run off?

OBJECTIVE 7: FINDING WETLANDS IN YOUR WATERSHED

Continue precipitation, snow depth, and snow-monitoring data collection, flood mapping and flood scrapbook activities.

Activity 12: Where are the Wetlands?

Background
This activity helps students locate wetland areas within their own state and near their homes.  Students also investigate the resources of their local wetlands.

In preparation for this activity, some research is required. Locate major wetland areas within your state or province and any wetlands near your school. If these areas are maintained by local, state, or federal agencies, call or write for information and maps. Other resources-such as videos, pamphlets, or classroom visitors might be available from these agencies, too.

Procedure
Step 1.  Begin this activity by displaying or distributing maps of your state or province and of the region around your school. Laminated topographic maps (available from the U.S. Geological Survey, most state geological surveys or outdoor recreation suppliers) work best and usually are available in a variety of scales. Most state or provincial agencies also produce tourist maps that highlight outdoor recreation; these are easily adapted for wetlands study. Contact your area’s tourism board for more information.

Step 2.  Ask students to locate nearby wetland areas, recording the locations, the general boundaries, and what kind of wetlands they’ve found. (You might divide a larger region into a number of sections and assign different sections to different groups.) Keep track of these identifications on a master list.

Step 3.  To investigate resources within wetlands, ask students to study their maps in more detail. 

A.
First, look for recreation. Where are boat launches? Fishing, hunting or scenic areas? Parks? Picnic Grounds? Check phone books for boat rentals, guided tours, and private campgrounds in the area.  Recreation and tourism are important parts of the economy in many areas.  

B.
Second, look for wildlife. Are wetlands part of "protected” areas, such as wildlife refuges, preserves, or sanctuaries? Check field guides to see if the area is home to endangered species or is along the flight path of migratory birds. 

C.
Third, look for economic resources. Are freshwater reservoirs or wastewater treatment facilities - ones that serve cities or municipalities - located nearby? Do people near these areas make their living in the wetlands? What do they do? Do these maps show other resources or industries in the wetland area?

Step 4.  If you have difficulty locating suitable wetlands nearby, contact your soil or agricultural extension services, the department of natural resources, or park service. Each can provide useful information for studying nearby wetlands.  You might also contact local, national, or international organizations concerned with natural history and conservation (e.g., the Audubon Society). As an alternative to local wetlands, focus on well-known large-scale wetlands.  Some national parks and wildlife refuges are or include substantial wetland areas.  In the US, the National Park Service and the U.S. Fish and Wildlife Service provide information and resources about these national treasures. Local libraries often maintain files with information about nearby wetlands.

Step 5.  The information uncovered in this research can be integrated into your students’ flooding maps. 

OBJECTIVE 8: FLOOD MANAGEMENT AND CONTROL

Continue precipitation, snow depth, and snow-monitoring data collection, flood mapping and flood scrapbook activities.

Activity 13: A River Dammed

Background

Though the damming of rivers is an ancient practice in many areas around the world, during the last century many rivers were blocked by very large dams, sometimes in several places along the course of one river. For most of this century, dams were looked upon with favorable eyes that saw only the positive effects for humans. Today, they are viewed with keener eyes that see a broader scope and vision.

Rivers are dammed primarily for:

· industrial use

· irrigational use

· to control floods

· to produce electrical power 

All of the above uses are considered largely positive outcomes of dam building. Are there also, however, negative outcomes?

Procedure

Step 1.  Consider what you know about rivers, their processes and products, and then have your students discuss their reactions to the following quote:

“When a dam is built the balance or equilibrium of the river system, established over thousands or millions of years, is instantly upset. Many unforeseen, long-term effects occur both upstream and downstream from the construction.”

— From W. Kenneth Hambloy, “River Systems,” p. 11.

· Discuss thoughts on upstream effects.

· Discuss thoughts on downstream effects.

Step 2.  A Case Study
You are going to read a case study of one very famous dam, the Aswan Dam of the Nile River.  Before you begin, construct a chart on which to record information that includes the following categories:

I. Upstream effects


a. intended


b. unintended

II. Downstream effects


a. intended


b. unintended

The Aswan High Dam of the Nile provides a good example of the many consequences of modifying a river system. For centuries, the Nile River has been a rich source of life in Egypt. The principal headwaters of the Nile are located in the high plateaus of Ethiopia. Once a year, for approximately a month, the Nile used to rise to flood stage and cover much of the fertile farmland in the Nile Delta area. The Aswan High Dam, completed in the summer of 1970, was to provide Egypt with water to irrigate 1 million acres of arid land and generate 10 billion kilowatts of power. This, in turn, was to double the national income, and permit industrialization. The dam, however, destroyed the equilibrium of the Nile, and many unforeseen adjustments in the river resulted. This is what happened. 

The Nile is not only the source of water for the delta, it is also the source of sediment. When the dam was finished and began to trap sediment in the reservoir behind it called Lake Nasser, the physical and biological balances in the delta area were destroyed. Without the annual sediment deposits - “the gift of the Nile” - the delta coastline is now exposed to the full force of marine currents, and wave erosion is eating away at the delta front. Some parts of the delta are receding several meters a year.

The sediment previously carried by the Nile was an important link in the aquatic food chain, nourishing marine life in front of the delta. The recent lack of Nile sediment has reduced plankton and organic carbon to a third of the former levels. This change either killed off or drove away sardines, mackerel, clams, and crustaceans. The annual harvest of 16,000 metric tons of sardines and a fifth of the fish catch have been lost. The sediment of the Nile also naturally fertilized the flood plain. Without this annual addition of soil nutrients, Egypt’s one million cultivated acres need artificial fertilizer. 

Reflection Questions
A.
Discuss the article and the upstream and downstream changes that occurred. Ask students: What could be done here? What will happen if nothing is done? What questions do you have that are left unanswered? Where might the answers be found?

B.
Use the following format to write a poem about the Nile River (or any other river) relating its pre-dam and dammed state. 

“Once I was ________________ but now I am _________________.”

(Example: Once I was a rushing force, free and flowing. Now I am shackled and controlled.)

C.
Share creations with class. Students may also choose to illustrate one or more of the lines.

OBJECTIVE 9: FINISHING UP 

The final objective for Chasing the Flood is set aside to complete any mapping, art, and writing projects undertaken earlier in the program. Please submit copies of your students’ finished work to Rivers of Life web gallery and we’ll post them for a final exhibition.
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