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Bringing Wetlands to Market Part 4 Exercise 1 

Coastal wetlands, development, and sea level rise: Where will the waterfront be? 
Adapted from an Armada Project lesson on sea level rise 

 

Focus Questions 

What causes sea level rise? 

How will higher sea level affect coastal areas in normal 

conditions and in storm events? 

 

Performance task 

Students will use paper or online maps to outline areas that may 

be inundated at higher sea levels and during storm events. 

 

Background for teaching 

Sea level change has happened at various times in Earth history. 

It is a natural process that has gone on since there have been 

oceans on Earth. However, the increase in the global average temperature is now causing a rapid 

rise in sea levels. Global warming affects the volume of the oceans and the height of the sea due 

to two factors:  thermal expansion, which means that as water warms it takes up more volume 

than it did previously, and the melting of land-based ice such as glaciers and the ice caps in 

Greenland and Antarctica.   

 

 
Causes of sea level change. (IPCC 2001) 

 

Although the amount of sea level rise varies considerably from place to place due to geologic 

factors, research supports predictions that the oceans will rise an average of  0.3  to  1 meter 

(about 1 to 3 feet) above present levels by the year 2100. This means that the present levels for 

unusually high tides and storm surges will also be higher by that amount in 2100. 

 

Overview 

In this activity students will delineate 

and model the changed shoreline and 

the inundation of coastal wetlands and 

developed areas due to sea level rise 

at different levels. They will look for 

areas that could become marshes and 

areas where existing development 

would limit the formation of future 

wetlands. 

 

Time Required 

One  45-minute class session. 
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A rise of 1 meter would have a dramatic effect on our coastlines. Seventy per cent of the world’s 

population lives within 100 miles of the coast. If the height of the ocean increases 1 meter, many 

coastal areas, including many cities, will be vulnerable to erosion, flooding, and storm surge. A 

serious impact of sea level rise would be the inundation and loss of coastal wetlands. Scientists 

estimate that two-thirds of the coastal wetlands in the United States are vulnerable and may be 

lost if the sea level rises 1 meter. 

 

Coastal wetlands are a very important sink, or storage pool, for atmospheric carbon. The amount 

of plant biomass that is produced naturally on an acre of salt marsh is greater than that produced 

on fertilized farmland, and wetland soils can hold on to carbon for hundreds of years.  Coastal 

wetlands are also important as a home for fish, birds, shrimp, crabs, and many other types of 

animals, a place they can have their babies, a source of food, and a resting place on migration. 

About two-thirds of the species of food fish harvested from the Atlantic and Pacific Oceans and 

most of the shellfish must live in salt marshes or estuaries for part of their life cycles.  

 

Salt marshes can increase their elevations to keep up with natural sea level rise through accretion 

of sediments if the rate of rise is slow enough. In order to keep pace with sea level rise, coastal 

marshes must have an adequate sediment supply and be protected from severe wave erosion.  

Salt marshes naturally migrate toward upland areas as they build up (see diagram), and one of 

the most serious problems for sustaining coastal marsh systems is that development along the 

coast often prevents natural marsh evolution.   

 

 

 
 

The actual distance that rising sea levels bring seawater onto land is dependent on many factors 

including the shape of the land, type of land and amount of erosion, local ocean currents, and 
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tides.  Loss of wetlands due to sea level rise is most severe in areas with small elevation 

gradients, where the elevation of the coastal land doesn’t change very much or slopes gradually. 

Coastlines with a gradient of 20 to 1 for example, will lose 20 meters (65.6 feet) of horizontal 

land or wetland for every 1 meter that the sea level rises. Salt marshes will be especially affected 

because of their gentle gradients – many have much lower gradients than 20 to 1 or are nearly 

level.  

 

In addition to rapid sea level rise, coastal wetlands are vulnerable to additional pressures from 

climate change. The increased energy in the water cycle due to warming temperatures can cause 

precipitation to fall in more severe events. Intense storms can cause erosion and major damage to 

wetlands and other coastal ecosystems, as well as to roads, buildings, and utility structures along 

the coast. 

 

We can help slow the rate of warming by reducing the use of fossil fuels by industry and 

individuals, and by increasing the uptake of CO2 by protecting and restoring wetlands and 

forests. Cooler average temperatures will reduce both thermal expansion of the ocean and land 

ice melting, and will allow coastal wetlands more time to assimilate sediments, sequester carbon, 

and increase their elevation to keep pace with sea level rise. 

 

 

Materials 

Clear plastic sheets to overlay on maps 

Fine tip markers 

Provide students with online access or print copies of topographic maps. Maps are available at 

the websites below, or visit your local conservation commission, town GIS department, or 

fishing and hunting supply store. 

 

 USGS topographic maps of the local area  

 Topographic map layer for Google Earth    

 My Topo online topographic maps   

 "Terrain" mode for Google maps 

 

If you prefer, students can use interactive online maps to investigate sea level rise. Interactive 

maps for modeling sea level rise can be found at   

  

 NOAA CSC Sea level rise viewer  

 Firetree  

 Surging seas  

 Sea level rise explorer  

 

 

 

 

 

 

 

http://topomaps.usgs.gov/
http://www.gelib.com/ng-topo.htm
http://www.mytopo.com/maps/index.cfm
https://maps.google.com/
http://www.csc.noaa.gov/slr/viewer/
http://flood.firetree.net/
http://sealevel.climatecentral.org/surgingseas/
http://www.globalwarmingart.com/wiki/Special:SeaLevel
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Procedure 

1. Review with students the concept of sea level rise based on the 

background in this lesson or other resources of your choice. 

Confirm that they understand that the main causes of sea level 

rise are thermal expansion and melting of land based ice. 

2. Give each group of students a local or regional topographic map, if your community is coastal, 

or a map of the terrain around South Slough NERR or Waquoit Bay NERR if your community is 

inland. You may wish to use the maps provided in student resources below. Have students find 

the scale and the contour line elevation interval, which is generally 10 ft for USGS 7.5 minute 

series maps. 

If you are using an on-line sea level rise model, ask students to set the initial sea level rise to zero, 

and find the scale indicator in the image.  

 

3. Have students choose a section of the map that encompasses a coastal area with relatively 

level ground. It will be most interesting to have an area with natural (marsh, beach, rocky 

shoreline) as well as man-made (houses, businesses, jetties, piers) features. 

 

4. Ask students to examine their maps to determine the current shoreline, represented by the 

mean high water line. Provide them with a clear overlay (such as a transparency sheet for an 

overhead projector). Ask them to trace a length of the current coastline with a blue fine tip 

marker. 

 

5. Download and print graphs from NOAA Sea Levels Online (or use the example included with 

student resources below) or have students go to the site to find the rate of sea level rise for the 

location they are studying. While visiting the site, ask them to compare the rate of sea level rise 

for the nearest coastal area and one in a different part of the country.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Mean sea level trend for Woods Hole, MA.   
Data for many locations is available at  NOAA tides and Currents  

http://tidesandcurrents.noaa.gov/sltrends/
http://tidesandcurrents.noaa.gov/sltrends/index.shtml
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6.  Have students examine various scenarios of sea level rise. Begin with a scenario of a 1 meter 

(or 3 feet, if that is more practical) increase in sea level. They will have to use the contour lines 

as guides to estimate where they should mark the new shoreline due to this sea level rise. They 

should assume that the slope of the land between contour lines is uniform.  Have students mark 

the shoreline at the new sea level, using a different color marker. 

 

7.  Have students repeat the exercise showing the impact of a 2 meter and then a 5 meter 

(approximately 6 foot and 15 foot) increase in sea level to model the effects of storm events with 

storm surge.  

 

8. Within the groups students should discuss the implications of the shoreline change for each 

scenario and record their comments in a document, on the board, or on newsprint.. Ask students 

to write brief notes on the effect as well as  proposed actions that could help solve or remediate 

the problem for each impact of  sea level rise. Some questions for discussion could include: 

 

a. What natural and man-made features are affected? 

 

b. How much land has been lost? Choose a location to assess and measure the change in 

area as accurately as possible. 

 

c. Have buildings, houses, or any infrastructure such as roads or sewage treatment plants 

been inundated?  

 

d. Have coastal salt marshes or other natural areas been inundated? What animals and plants 

might have been affected? 

 

e. What will the economic costs be due to this coastal change? 

 

f. Find a salt marsh. Is there a place for a new salt marsh to form at a higher elevation than 

its present location? 

 

6. Discuss the results as a class. Have students make maps or electronic displays of their findings. 

 

Extensions  

For a lesson where students compare the rate sea level rise for locations around the coasts of the 

US, see Activity 3 of the Estuaries 101 curriculum for middle school, “Water going up, water 

going down.” Open the Teachers Guide at http://estuaries.noaa.gov/Teachers/water.aspx, and 

scroll to the climate extension exercise.  

 

Optional activity on land use change  
NOAA’s Coastal Services Center has constructed a powerful and easy-to-use website with GIS 

files of land use change for coastal areas around the US. The site has a dedicated set of layers for 

viewing and tracking change in wetland areas  http://www.csc.noaa.gov/ccapatlas/  

This lesson about land use change is a bit dated but it has useful exercises to teach students how 

to read GIS maps http://oceanservice.noaa.gov/education/lessons/do_have_change.html  

http://estuaries.noaa.gov/Teachers/water.aspx
http://www.csc.noaa.gov/ccapatlas/
http://oceanservice.noaa.gov/education/lessons/do_have_change.html
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Causes of sea level change. (IPCC 2001) 
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Mean sea level trend for Woods Hole, MA.   

Data for many locations is available at http://tidesandcurrents.noaa.gov/sltrends/index.shtml  

  

http://tidesandcurrents.noaa.gov/sltrends/index.shtml
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Topographic maps for sea level rise activity 

 

Sage Lot Pond area, Bringing Wetlands to Market project study site 

Low development 

Contour line 10 feet; depths in feet 

Scale in feet 
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Popponesset Beach, near Bringing Wetlands to Market project study site 

High development 

Contour line 10 feet; depths in feet 

Scale in feet 


