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Abstract 

Environmental education and outreach are vital for preparing North Carolina to cope with impending sea

level rise and the large number of risks it presents to the state’s coastal communities.  The North Carolina 

Coastal Resources Commission has created a draft sea level rise policy, which advocates for public 

education on the subject of sea level rise.  In order to help with the goal of public education and outreach, 

educational materials were created for use by the Division of Coastal Management and other agencies.  

These materials consist of a sea level rise education section of the Division of Coastal Management 

website as well as an educational module on sea level rise.  These materials can be used to target different 

audiences for sea level rise education.  For example, a website serves as an educational tool that can reach 

a large number of people, displays a great deal of information, allows for the use of graphics and images 

that may aid in viewer comprehension and understanding, and can provide links that direct the reader to 

additional information on the subject from other sources.  The educational module created as part of this 

Master’s Project provides more in-depth information on the science behind sea level rise and includes 

hands-on activities which enable students to better grasp less tangible concepts about this long term, hard 

to visualize process.  Together, the website and the educational module present information about sea 

level rise, the science behind it, and some of the potential effects it can have on coastal North Carolina. 
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Purpose 

According to the Intergovernmental Panel on Climate Change (IPCC), “sea level rise 

under warming is inevitable” and is a reality that the world and coastal communities will have to 

face within the next hundred years (IPCC 2007).  Due to North Carolina’s vulnerability to sea 

level rise, the North Carolina Division of Coastal Management has been extremely progressive in 

its efforts to plan ahead for dealing with an increase in sea level.  The Division of Coastal 

Management and Coastal Resources Commission have already taken a number of steps to better 

prepare the state for sea level rise, beginning with the establishment of a framework for action.  

As part of this framework for action, the North Carolina Coastal Resources Commission created 

a draft policy on sea level rise.  This policy advocates for the promotion of sea level rise 

education and outreach.  The need for promoting public education about sea level rise was 

addressed through the creation of an educational component of the Division of Coastal 

Management’s website along with the formulation of an educational module on sea level rise. 

Environmental education and outreach are vital for preparing North Carolina to cope with 

impending sea level rise and the large number of risks it presents to the state’s coastal 

communities. 

Introduction  

Many coastal states will have to prepare for and deal with sea level rise in this century.  

North Carolina is particularly vulnerable to an increase in sea level and “has been identified by 

NOAA as one of three states with significant vulnerability to sea level rise,” the other two being 

Florida and Louisiana (Rajasekar 2009).  This vulnerability is due to a number of factors 
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including North Carolina’s low lying topography along the coast, gradual slope, and the presence 

of barrier islands.   

Sea level rise presents a number of risks to coastal communities.  Some of these risks 

include erosion of beaches, enhanced possibilities of flooding, increased salinity of groundwater 

due to inundation with seawater, as well as damage to and/or loss of coastal property (Church, 

Woodworth et al. 2010; EPA 2010).  Because it is considered particularly vulnerable to sea level 

rise, North Carolina has been progressive in its efforts to plan for a future increase in sea level.  

Agencies such as the Division of Coastal Management and the Coastal Resources Commission 

share the responsibility of preparing North Carolina’s coastal region to deal with the potential for 

a rise in sea level in the upcoming century.  Part of this responsibility includes educating the 

public about sea level rise, what they should expect, and how it is being planned for in the state. 

Research has shown that although the general public has been made aware of sea level 

rise, they may not understand what it is or why it is occurring.  A recent survey, conducted by the 

Division of Coastal Management, revealed that the majority of respondents in North Carolina’s 

coastal counties (CAMA counties) believe that sea level rise is occurring (Miller 2010).  

However, the survey also revealed that the majority of respondents, 61 percent, felt there was a 

need for public education (Miller 2010).  The findings of the scoping survey indicate that even if 

North Carolina coastal residents believe in sea level rise, they may not understand why it is 

happening, or why it is important to plan for it.  Moser (2005) pointed out that public 

“understanding of the impacts of episodic/short-term events, such as coastal storms, is better than 

that of long-term, gradual processes” such as sea level rise (Moser 2005).  This means that 

people may have a more difficult time comprehending why they should plan and prepare for a 

long term, gradual event.  This study also pointed out that public education and outreach may 
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affect how people respond to sea level rise.  According to Moser, the way in which “impacts are 

assessed and communicated becomes linked to how society responds” and may make a big 

difference in preparedness for sea level rise (Moser 2005).  Therefore, effective public education 

and outreach have the potential to make a big difference not only in community perception, but 

also the ability of coastal residents to prepare for and cope with this change. 

Environmental education is a relatively new field and much of the research that has been 

done on effective techniques for environmental education has been fairly recent (Stapp 1969).  

The goal of environmental education is to produce “a citizenry that is knowledgeable concerning 

the biophysical environment and its associated problems, aware of how to help solve these 

problems, and motivated to work toward their solution” (Stapp 1969).  Understanding the 

biophysical problem of sea level rise and gaining motivation to work towards solutions is critical 

to prepare North Carolina for the impact an increase in sea level will have on the state. 

One challenge of environmental education is effectively presenting information and 

reaching a target audience.  Today, information about science and the natural environment is 

more available than ever through resources like television and the internet.  However, studies 

have shown that students generally have low levels of factual environmental knowledge and that 

they “display considerable confusion about the science of environmental issues” (Rickinson 

2001).  This confusion is often coupled with “persistent misconceptions” about the environment 

(Rickinson 2001).  Sea level rise falls under the category of “global environmental problems” 

(Rickinson 2001).  This presents additional challenges for environmental education due to its 

nature as a long term climatic process influenced by anthropogenic climate change.   

Global environmental problems tend to be more difficult to understand than other 

environmental issues because they are more abstract.  Another challenge is that it is difficult to 
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use techniques like experiential education for ideas that are more abstract than concrete (Boyes 

and Stanisstreet 1996; Rickinson 2001).  In addition,  many global environmental problems deal 

with the future and involve uncertainty and probability, which can cause further misconceptions 

and confusion (Boyes and Stanisstreet 1996).  Sea level rise is a concept of a multidisciplinary 

character and the “slow, creeping” long term nature of the subject makes it even more 

challenging for students to understand this concept (Boyes and Stanisstreet 1996).  

In order to fully explain all the aspects of a complex topic like sea level rise, there were a 

number of things that needed to be covered and addressed in the website and the educational 

module.  These topics included the science behind sea level rise and the policy decisions that 

surround this somewhat controversial topic.  To create effective educational materials, numerous 

sources on environmental education and science education, including educational techniques and 

strategies, were consulted and incorporated into both the module and the website.        

Background 

Science 

Sea level is the average height of the ocean with respect to a specific point of reference, 

such as a point along the shoreline (See Figure 1).  Sea level rise, an increase in sea level, can be 

broken down into two types: mean (global) sea level rise and local (relative) sea level rise 

(Coastal Resources Commission 2010).  Local sea level rise (relative sea level rise) may be 

attributed to forces that cause the local sea floor to move up or down.  Mean sea level rise, on the 

other hand, is largely attributed to forces associated with global climate change, such as thermal 

expansion of seawater and the melting of ice sheets (Miller and Douglas 2004; Church, 

Woodworth et al. 2010; Coastal Resources Commission 2010)  Differences in relative sea level 
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rise means that sea level rise attributed to climate change will not be uniform across the planet 

(Church, Godfrey et al. 1991). 

Figure 1: Illustration of sea level and sea level rise. 

Although changes in sea level are known to be the result of long term climatic processes 

and have occurred many times over the history of our planet, accelerated sea level rise due to 

anthropogenic climate change is a new phenomenon.  Changes in sea level occur as the planet 

goes through warming and cooling cycles and when forces occur that cause geologic changes.  

During the last glacial maximum (last ice age) the “average sea level was 120 meters lower than 

present,” while during the  last interglacial period, sea level was between 2-6 meters above what 

it is today (Gornitz 1994).  These changes in sea level are caused by two main factors.  These 

factors include thermal expansion of seawater and melting of land ice from glaciers, ice caps, 

and ice sheets.  Thermal expansion and melting ice are both believed to be accelerated by global 

warming.   
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Water has a very high specific heat index.  This property of water will impact the heating 

of the oceans from global warming.  A high specific heat means that it takes a lot of heat to 

increase the temperature of water by even 1 degree Celsius.  This property is evident with large 

bodies of water, such as oceans, which take a long time to change in water temperature in 

response to a change in air temperature because of their size coupled with high specific heat.  

This is the reason that oceans tend to moderate climate in coastal regions (Feldman and 

Gradwohl).  With anthropogenic climate change, the warming of the atmosphere will eventually 

lead to an increase in the temperature of the world’s oceans.  The upper layers of the ocean, 

which come into the most direct contact with the warming atmosphere, will be the first to 

experience an increase in temperature (Levitus, Antonov et al. 2005).  This increase in 

temperature will eventually lead to thermal expansion, one of the two driving forces behind sea 

level rise.   

According to the most recent IPCC report, the oceans are warming (IPCC 2007).  The 

increase in temperature of the oceans leads to thermal expansion of seawater.  Thermal 

expansion is the tendency of matter to increase in volume in response to an increase in 

temperature.  This increase in temperature equates to an increase in energy.  With an increase in 

energy, the water molecules move around more and take up more space, causing the water to 

occupy a larger volume.  It is believed that thermal expansion is a “major component” of sea 

level rise due to the fact that contributions from melting ice have only been recorded so far only 

in small amounts, yet sea level has risen (Church, Godfrey et al. 1991).  To date, thermal 

expansion has been the largest contributor to present day sea level rise (Leiserowtiz, Smith et al. 

2010).  Studies have shown that “thermal expansion of the upper layers of the ocean” could 

account for as much as 0.45 mm per year of observed sea level rise (Gornitz 1994). 
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 In addition to thermal expansion, melting ice is also expected to contribute to a rise in sea 

level.  Though not believed to have contributed much sea level rise thus far, “ice sheets have the 

largest potential effect” on sea level rise “because their complete melting would result in a global 

sea level rise of about 70 meters,” inundating much of the world’s coastal areas (Rahmstorf 

2007).  Ice naturally occurs in very cold regions of the planet, such as near the poles or at high 

altitudes.  There are many forms of ice that occur on earth and some of these include glaciers, ice 

caps, ice sheets, icebergs, sea ice, and ice shelves.  All forms of ice are expected to show melting 

as the planet gets warmer due to climate change.  Scientists believe that the melting of earth’s ice 

will contribute to an increase in sea level (Church, Gregory et al. 2001; Raper and Braithwaite 

2006).  However, not all forms of melting ice are expected to contribute equally.   

Whether or not the melting of ice will contribute to a rise in sea level depends on whether 

the ice is located on land or floating in the sea.  Sea ice and ice shelves, which are both forms of 

floating ice, are already included in the volume of seawater and therefore are not expected to 

contribute much to a rise in sea level when they melt (Poore, Richard S. Williams et al. 2000).  

Landlocked ice, such as glaciers, ice sheets, and ice caps, are expected to contribute to sea level 

rise as they melt.  Unlike floating ice,  landlocked ice is not already included in present day sea 

level, and as it melts it will contribute an additional volume of water to the world’s oceans 

(National Snow and Ice Data Center 2009).  There is some uncertainty as to just how much the 

melting of continental land ice will contribute to a rise in sea level because there are currently no 

good models that would “test how the linear approximation” of melting ice performs (Rahmstorf 

2007).  

Climate change is expected to cause an acceleration in rates of sea level rise as the 

planet’s warming trend continues.  IPCC projections and models for global temperature over the 
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next century predict that temperatures will continue to increase (IPCC 2007).  However, as with 

all climate change models, there is uncertainty and variation between models.  This is 

particularly evident in sea level rise projections, mostly because the rate at which sea level rise is 

accelerating is unknown (Church and White 2006).  In addition, there are quite a number of 

factors that affect the vulnerability of a specific region to a rise in sea level.  Sea level rise will 

not be the same across the planet because the world’s shorelines are essentially non-uniform.  

Factors such as “vertical crustal movements, differential resistance to erosion, differing wave 

climates, and longshore currents” will all result in shorelines being impacted to different degrees 

(Gornitz 1994).  The specific coastal topography and slope of a region will also affect how much 

a rise in sea level will impact a particular section of the coast.  

 There is inevitably some variation, sometimes large variation, in climate change models.  

Because sea level rise falls under the category of global climate change, there is some degree of 

uncertainty in sea level rise projections.  This uncertainty is due to long term extrapolations of 

data with some model inputs being at the discretion of the model’s creator.  The 

Intergovernmental Panel on Climate Change (IPCC) estimated in a 2007 report that sea level will 

rise between 0.59 feet (0.18 meters) and 1.94 feet (0.59 meters) within the next hundred years.  

However, the IPCC estimate did not include the effects of ice caps and glaciers melting or falling 

into the ocean, and more recent studies estimate that sea level may rise by as much as 4.6 feet 

(1.4 meters) by 2100 (Overpeck and Weiss 2009).  In fact, calculated rates of sea level rise are 

“generally lower than observed rates”, which means that climate scientists may be 

underestimating the impacts of climate change on sea level rise (Rahmstorf 2007). 

 Uncertainty in modeling and projections applies to the local level as well as to the global 

level.  A number of sea level rise projections have been made for North Carolina and vary by 
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over a meter in the amount sea level is expected to rise by the year 2100 (See Figure 2 below).  

Sea level rise projections for North Carolina for the year 2100 range between 0.38 meters and 1.4 

meters (Coastal Resources Commission 2010).  Unfortunately one of the challenges in sea level 

rise modeling for North Carolina is that most data from tide gauges does not extend back more 

than 50 years (Coastal Resources Commission 2010).  This makes it more challenging to 

accurately project the extent of sea level rise along the North Carolina coast.   

Figure 2:  Relative sea level rise projections for North Carolina up to the year 2100.  Projections range from 0.38 

meters up to 1.4 meters fo sea level rise.  Image from Coastal Resources Commission Science Panel on Coastal 

Hazards North Carolina Sea-Level Rise Assessment Report (2010) 

Policy

Though science and technology may serve as sources of information as to what sea level 

rise is and the mechanisms through which it is occurring, science is never normative and cannot 
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dictate what an appropriate response to sea level rise consists of.  Because of this, it is policy 

decisions, rather than science, that will ultimately guide how North Carolina will chose to 

prepare for and cope and a change in sea level.  The North Carolina Division of Coastal 

Management and the Coastal Resources Commission, which fall under the North Carolina 

Department of Environment and Natural Resources, will play a large role in planning for sea 

level rise along the state’s coast.  The Coastal Resources Commission adopts rules and policies 

for North Carolina’s coastal zone and the Division of Coastal Management carries out these rules 

and policies (Coastal Area Management Act 1974).  Though not yet official, a draft policy on sea 

level rise has been created for the North Carolina Administrative Code by the Coastal Resources 

Commission and is expected to serve as method of guidance on this issue (15A NCAC 

07M.1301 Draft 2010). 

There are a number of pieces of legislation that come into play in the development of sea 

level rise policy.  The Coastal Zone Management Act (CZMA) is a piece of federal legislation 

that is in place to help manage the coasts of the United States.  The goal of the CZMA is “to 

preserve, protect, develop, and where possible, to restore or enhance, the resources of the 

Nation's coastal zone for this and succeeding generations” (National Oceanic and Atmospheric 

Administration 2007).  The CZMA serves as a planning act, saying that things that occur in the 

coastal zone, such as development that alters the land or environment, should be planned.    The 

CZMA gives the power to individual states to “exercise effectively their responsibilities in the 

coastal zone through the development and implementation of management programs” and 

provides funding for states to come up with management plans (National Oceanic and 

Atmospheric Administration 2007). 
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A related piece of legislation, the Coastal Area Management Act (CAMA), governs the 

management of North Carolina’s coast.  This piece of legislation outlines the planning process, 

areas of environmental concern, permitting and enforcement, coastal reserves, and the Public 

Beach and Coastal Waterfront Access Program (Coastal Area Management Act 1974).  Under 

CAMA, local governments in North Carolina’s twenty coastal counties “shall have the initiative 

for planning” (Coastal Area Management Act 1974).  CAMA dictates that local governments are 

responsible for the creation of land use plans to be utilized in their specific region of the state and 

that incorporation of sea level rise into land use planning will be done mainly at the local level.  

Since this land use planning will take place at a local level, education about sea level rise is 

important for local governments and the general public to make proper planning decisions and to 

incorporate sea level rise into their land use plans. 

As previously mentioned, there is currently no official sea level rise policy in effect, but 

the Coastal Resources Commission has drafted a sea level rise policy for the state.  The draft 

policy acknowledges that sea level rise is occurring and that it “must be incorporated into all 

aspects of the coastal program” for management (15A NCAC 07M.1301 Draft 2010).   The draft 

sea level rise policy created by the Coastal Resources Commission explicitly states the need for 

environmental education.  Specifically, it states “The Commission will promote public education 

of the impacts associated with rising sea levels and measures to cope with changing shorelines” 

(15A NCAC 07M.1301 Draft 2010).  Therefore, creating materials that foster environmental 

education is an essential task if this new policy is going to be carried out.  One of the questions 

that needs to be addressed for this public education goal is what part of the public to target.  

Initially, the Division of Coastal Management asked me to create an educational section for their 
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website on sea level rise.  In addition to the website, I have also created an educational module 

that could be used to educate the public. 

Creating Educational Materials 

In order to address the issue of sea level rise education and outreach for coastal North 

Carolina, educational materials were created that can be used by the North Carolina Division of 

Coastal Management and other government agencies.  These educational materials include a  sea 

level rise education section for the Division of Coastal Management website as well an 

educational module on sea level rise.  These two types of educational materials were designed in 

order to reach different audiences.  The website was chosen to serve as a method of public sea 

level rise education because the internet is a very common research tool that is accessible to the 

general public.  Websites serve as good educational tools because they can display a large 

amount of information, allow for the use of graphics and images that may aid in viewer 

comprehension and understanding, and can provide links that direct the reader to additional 

information on the subject from other sources.  An educational module was also created to aid in 

public education about sea level rise.  This module provides more in-depth information on the 

science behind sea level rise and includes hands-on activities to allow students to better grasp 

less tangible concepts about this long term, hard to visualize process. 

Website 

The creation of a sea level rise education section of the Division of Coastal Management 

website will serve as an important tool to convey information to the general public (Please see 

Appendix 1).  An increasing number of people rely on the internet as their source of scientific 
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news and information.  Convenience is a big factor in the decision to utilize the internet as a 

source for science information (Horrigan 2006).  Horrigan (2006) reported that “20% of 

Americans get most of their science news and information from the internet” and over half 

(54%) of Americans “have used the internet at some point for science news and information,” 

revealing that internet science websites are widely relied upon for information  (Horrigan 2006).  

With usage of the web continually growing as a source of information, it is more important than 

ever to maintain websites that provide the public with up to date information that presents the 

best available science.  It has been pointed out that “a significant amount of the information on 

the web is dubious from a scientific perspective” and may not be conveying factually correct 

information to the general public (Linn, Davis et al. 2004).  One of the purposes of creating an 

educational section for the Division of Coastal Management website was to ensure that up to 

date scientific information was being made available to the general public if they turned to the 

Division of Coastal Management website for information regarding sea level rise. 

Module 

In addition to the educational section of the Division of Coastal Management website, an 

educational module was created in order to provide a more interactive method of sea level rise 

education (Please see Appendix 2).  The module created as part of this Master’s Project is 

targeted towards a middle school age audience with room for adaptation to younger (elementary 

school) or older (high school) age groups.  The educational module was designed to include a 

visual component (PowerPoint presentation), auditory component (interactive discussion and 

group work), a hands-on component (activities and experiments), and a field component.  These 
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different components were included in order to address different styles of learning (NDT 

Resource Center).

 The order of the material presented in the educational module is based off of the 5-E 

learning strategy developed by The Biological Science Curriculum Study (Coe 2001; Riggs, 

Ames et al. 2008; Verstynen 2011).  The stages of this strategy include “engage… explore… 

explain… extend… and evaluate” shown in Figure 3 below (Coe 2001).   This strategy is part of 

the constructivist learning theory, which involves the idea that students learn best by constructing 

their own knowledge rather than “having someone construct it for them” (NDT Resource 

Center).  Different methods of learning include lecture, reading, audiovisual, demonstration, 

discussion group, practice by doing, and teaching others (NDT Resource Center).  Different 

methods of learning were incorporated into the module to accommodate different learning styles. 

Figure 3:  Illustration of steps in the 5-E Learning Cycle.  Image from Sing and Chew (2009). 

 During the “engage” stage of 5-E, the teacher poses problems, asks questions, and 

assesses prior student knowledge of the subject while the learner “has a need to know, therefore, 

defines questions, issues or problems that relate to his/her world” (Coe 2001).  During the 
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“explore” phase, the teacher poses questions, models information, provides resources, and 

provides feedback while the learner hypothesizes and predicts, collects data, and explores 

resources.  The next part of this strategy is “explain”, during which time the teacher provides 

feedback, offers alternative explanations, and enhances and clarifies prior explanations while the 

student clarifies understandings and tries to explain the understanding back.  During the 

“expand” stage, the teacher asks questions, provides feedback, and makes suggestions while the 

learner applies new knowledge, solves problems, or makes decisions.  Finally, in the “evaluate” 

phase, the teacher evaluates what the student has learned from the lesson (Coe 2001).  

Incorporating all of the stages of the 5-E strategy into the module is a tactic for increasing 

student learning of the subject of sea level rise and how it relates to coastal North Carolina. 

 The “engage” stage of the 5-E strategy was addressed by employing a K-W-L chart at the 

beginning of the module (See Appendix 3).  K-W-L charts are an instructional method developed 

by Ogle in 1986 that involve students recalling prior knowledge, determining what they want to 

know, and wrap up with an evaluation of what they learned at the end of the lesson (Ogle 1986).  

Asking students to recall prior knowledge and asking what they would like to learn about sea 

level rise is intended to call to mind prior knowledge and background of the subject as well as 

get students thinking about things they would like to learn, leading to the “explore” stage of the 

5-E Learning Strategy (Huffman 1998).  The “explore” stage is addressed by incorporating 

hands-on activities into the module.  The activities allow students to formulate ideas/ hypotheses 

about possible outcomes and then carry out the activity and explore the resources provided to 

them.   

 After utilization of hands-on activities, the module moves into the “explain” stage of the 

5-E strategy.  A PowerPoint presentation with a lot of visuals is used as an aid to help further 
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elaborate and explain the science behind the hands-on activities students participated in (Please 

see Appendix 2).  Students need to make connections to something familiar when a new concept 

or idea is introduced or they will have trouble grasping the new concept (Riggs, Ames et al. 

2008).  There is a tendency for people to grasp concepts more easily if the new concept is based 

off of something they already know.  Therefore, if the students observe the new concept in an 

activity, they will be able to base additional concepts off of this initial experience. 

 Additional hands-on activities were used for the “expand” stage of the strategy.    These 

activities allow for the learner to apply his or her newfound knowledge to an experiential 

situation.  Evaluation for the module is not a formal test, but rather carried out in the form of a 

discussion with students.  Engaging in informal conversation, in addition to the completion of the 

last column of the K-W-L chart, will be the basis for evaluating what the students learned about 

sea level rise from the module.  Tests were not used as a form of evaluation because the module 

may not be conducted in a formal classroom setting.  The module is designed to include 

flexibility to be used in a variety of situations such as summer camps and after school programs.   

 In addition to the 5-E strategy, other educational resources were considered in the design 

of the module.  One of these resources was the “Behaviour Flow Chart” developed by 

Hungerford, Volk, and Winther (1994).  These authors examine variables that contribute to 

positive environmental behavior.  These variables include “entry level variables,” “ownership 

variables,” and “empowerment variables” (Dimopoulos, Paraskevopoulos et al. 2009).  Entry 

level variables include things such as “environmental sensitivity, knowledge of 

ecology,…technology, and economics” (Dimopoulos, Paraskevopoulos et al. 2009).  The next 

type of variable, “ownership variables” include “indepth knowledge about issues, personal 

investment in issues and the environment,” and “knowledge of consequences” (Dimopoulos, 
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Paraskevopoulos et al. 2009).  Finally, empowerment variables constitute “knowledge of and 

skill in using environmental action strategies, locus of control, intention to act, in-depth 

knowledge about issues” (Dimopoulos, Paraskevopoulos et al. 2009).  These variables contribute 

to positive environmental behavior and were incorporated into the module.   

 Entry level variables were incorporated into this module in the introductory section and 

in the form of the K-W-L chart.  Questions included in the early parts of the module provided 

introductory information and assessed student background knowledge of science and how sea 

level rise relates to the world around them.  Ownership variables were addressed through slides 

that provided information about sea level rise, as well as the activities and experiments that allow 

students to actively experiment and see the science behind why sea level rise occurs.  

Empowerment variables are addressed in the last activity, which enables students to apply the 

knowledge they gained from the module to a practical environmental issue about sea level rise 

and planning for the future (Please see Appendix 7).  This activity is designed to get students 

thinking about practical choices that can be made to minimize the impacts of sea level rise on 

coastal North Carolina. 

 The module can be split up into two sessions.  The first session of the module was 

designed to cover the science behind sea level rise.  This section discusses the earth’s climate 

cycles, glacial and interglacial periods, thermal expansion of seawater, melting ice, and the 

impacts of climate change on sea level rise.  Definitions of sea level and sea level rise are 

presented, as well as the idea that earth’s climate has not always been the same as it is today, but 

rather has changed over time.  These concepts are illustrated with pictures and images to help aid 

in student comprehension.  Activities and experiments were designed in order to help students 

visualize some less tangible scientific concepts, such as thermal expansion, and large scale 
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concepts, such as the effects of melting ice on sea level.  Activities that illustrate these complex 

concepts are integrated into the module in an order that proceeds factual information on the 

subject so that students would gain background knowledge by seeing and doing before being 

taught the reasons why things happen the way they do.  The module was designed in this way to 

allow students to make a connection to something familiar and tangible in order to avoid 

“lecturing to students about brand new ideas without making connections to something familiar” 

first (Riggs, Ames et al. 2008). 

 The first activity in the module is designed to demonstrate thermal expansion (Please see 

Appendix 4).  This activity involves heating water in a full Erlenmeyer flask with a rubber 

stopper and glass pipette (shown in Figure 4 below).  The idea for this experiment was based off 

content from a thermal expansion of water lesson plan developed by the Atmospheric Radiation 

Measurement Climate Research Facility (Climate Research Facility).  When the water is heated, 

the thermal expansion of the water forces some of the water up the glass pipette, demonstrating 

to the students that the water was actually expanding when heated.   The second activity included 

in the module is designed to demonstrate the differences in contribution of landlocked ice and 

floating ice to sea level rise (Please see Appendix 5).  The idea for this activity came from a 

California Academy of Sciences lesson plan and involves setting up two identical plastic tubs 

with clay coastlines (California Academy of Sciences).  One tub demonstrates the effects of 

landlocked ice and the other demonstrates the effects of floating ice on sea level (see Figure 5). 
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Figure 4:  Setup for first activity.  The heating of water in the Erlenmeyer flask will demonstrate thermal expansion.   

Figure 5:  Setup for second activity.  The two plastic containers will simulate the different impacts of melting sea ice 

and melting land ice on sea level rise.   

 The next section of the module covers the potential impacts and effects of sea level rise 

on coastal North Carolina.  This section starts out by explaining reasons that North Carolina is 

vulnerable to sea level rise, such as low-lying elevation and gradual slope along the coast.  Prior 

to explaining the reasons that North Carolina is vulnerable to sea level rise, an activity is 

included to allow students to visualize the concepts themselves.  This provides students with a 

foundation on which to build their knowledge about why some regions may be impacted by sea 

level rise more than others.  This activity is designed to demonstrate how sea level rise may 
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impact different coasts in different ways.  Two plastic tubs with clay “coastlines” are also 

utilized in this activity.  The clay in the plastic tubs should be modeled in such a way that one 

“coastline” has a noticeably lower elevation and more gradual slope than the other, which should 

exhibit a much steeper slope and higher elevation (See Figure 6 below).  Adding water to the 

plastic tubs to simulate sea level rise will clearly have a greater impact on the “coastline” with 

the more gradual slope and low elevation.  This activity provides a representation of why the 

North Carolina coast may see a greater impact of sea level rise than other locations (Please see 

Appendix 6). 

Figure 6:  Setup for third activity.  The two plastic containers will demonstrate the impacts of coastal slope and 

elevation on the effects of sea level rise. 

 After explaining the reasons the North Carolina coast is considered vulnerable to a rise in 

sea level, the module aims to explain some of the expected impacts of sea level rise.  Impacts 

such as erosion, salt water intrusion, loss of wetlands, flooding, and storm surge are all addressed 

in the PowerPoint.  A fourth activity is incorporated into this section of the module to aid in 

student understanding of the potential impacts of sea level rise on coastal infrastructure (Please 

see Appendix 7).  This activity, which again utilizes plastic containers and clay “coastlines”, is 

intended to simulate the impact of a rising sea level on coastal homes, roads, and businesses.  

The second part of the activity is designed to allow students the opportunity to participate in 
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group work and to attempt real world problem solving.  This second portion allows students to 

decide how they would plan for sea level rise in North Carolina if they were hypothetically in 

charge of the planning process.  The goal of this activity is to get students to think about long 

term planning and some of the important decisions that will need to be made as the state starts to 

cope with an increase in sea level. 

 Finally, a field component was included in the module (Please see Appendix 8).  The 

field component was added to the module to serve as a form of experiential education and allow 

students the opportunity to go out into the field.  The field component of the module explores 

common salt marsh zonation found in North Carolina.  In this activity, students investigate the 

different characteristics that make up a salt marsh and some of the common plants that 

characterize the low marsh, creekbank marsh, and high marsh. The goal of the field exercise is 

for students to identify the different zones of a salt marsh based upon the typical vegetation that 

grows in that zone along with the flooding characteristics.  After identifying the different zones 

of the salt marsh, students will be asked to envision how the marsh might change due to a rise in 

sea level.  Students will be asked to think how the marsh may change when inundated with more 

water.  Taking this activity out into the field will provide a more realistic opportunity for 

visualization of the effects of sea level rise on coastal ecosystems. 

Recommendations and Conclusions 

 There are a number of recommendations that I would like to make to the Division of 

Coastal Management as they continue towards their goal of sea level rise education.  First, I 

would recommend that the Division of Coastal Management explore options for expanding the 

module to be suitable for a number of different grade levels ranging from elementary school 
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through high school.  The module was designed for middle school aged students with the idea 

that the material included in it can be altered to be more advanced for high school students or 

simpler to be suited for elementary aged students.  Also, the module could be slightly altered to 

be more suited to use for the general public.  By altering the module, it wouldn’t be limited to 

school aged students, but could also be utilized for town meetings, public events, etc.   

 Another recommendation that I would make is to build a more elaborate model of the 

North Carolina coast to simulate sea level rise in the module.  Clay and plastic boxes were 

chosen because they are inexpensive to buy and easy to assemble, so they could be easily utilized 

by anyone who decided to present the module.  However, if the Division of Coastal Management 

plans to use the same model multiple times, they might want to upgrade to a slightly more 

professional looking model and something that will still look good if used over and over.  Also, 

if beach elevation and slope are known, it would be beneficial for the third activity to create 

models of two actual North Carolina beaches.  This would help to make the activity more 

realistic. 

 An additional recommendation for the Division of Coastal Management would be to 

conduct an educational program at a nearby museum (such as the North Carolina Maritime 

Museum) or aquarium (such as the Aquarium at Pine Knoll Shores).  This suggestion is made 

because a study by Horrigan revealed that “59% of Americans have been to some sort of science 

museum in the past year” and “nearly half (48%) of all Americans have been to a zoo or 

aquarium in the past year” (Horrigan 2006).   These numbers reveal that programs at museums or 

at aquariums might be another good way to reach the general public since such a large 

percentage of Americans visit them. 
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 Another method of reaching the general public with information regarding sea level rise 

is through television.  This is because television remains the general public’s “dominant media 

source for getting news and information about science” (Horrigan 2006).  Unfortunately, 

television is also often a source of incorrect scientific information or scientific information that is 

based more on opinion than fact.  If the financial means are available, it might be beneficial to 

the Division of Coastal Management to make some sort of brief television commercial or public 

announcement that airs on television in order to reach an even wider audience.   

 Public education on the subject of sea level rise is of growing importance as the state 

takes measures to prepare for a future increase in sea level.  The best available scientific 

information presented to the general public through the Division of Coastal Management website 

will serve as a reliable source of information on sea level rise that is easily accessed for quick 

information.  Educational modules that include a hands-on component and methods that appeal 

to different learning styles can serve the purpose of providing more in depth information on the 

science behind sea level rise and some of the potential impacts that the North Carolina coast may 

face within the next hundred years.  Hopefully the educational materials created for this Master’s 

Project will fulfill their purpose and help contribute to greater knowledge and awareness about 

sea level rise in coastal North Carolina. 



24 

Literature Cited 

15A NCAC 07M.1301 Draft (2010). 15A NCAC 07M.1301 Draft. 

Boyes, E. and M. Stanisstreet (1996). "Threats to the global atmospheric environment: the extent of pupil 

understanding." International Research in Geographical and Environmental Education 5(3). 

California Academy of Sciences. "Anytime Lesson Plan: Global Climate Change and Sea Level Rise." 

from http://www.calacademy.org/teachers/resources/lessons/global-climate-change-and-sea-

level-rise/. 

Church, J. A., J. S. Godfrey, et al. (1991). "A Model of Sea Level Rise Caused by Ocean Thermal 

Expansion." Journal of Climate 4(4): 438-456. 

Church, J. A., J. M. Gregory, et al. (2001). Changes in Sea Level. Climate Change 2001: The Scientific 

Basis: Contribution of Working Group I to the Third Assessment Report of the Intergovernmental 

Panel on Climate Change: 639-694. 

Church, J. A. and N. J. White (2006). "A 20th century acceleration in global sea-level rise." Geophyisical 

Research Letters 33. 

Church, J. A., P. L. Woodworth, et al., Eds. (2010). Understanding Sea-Level Rise and Variability, 

Wiley-Blackwell. 

Climate Research Facility. "Grade levels 9-12 Thermal Expansion of Water." Education and Outreach 

Lesson Plan from http://education.arm.gov/teacherslounge/lessons/Thermal-expansion-Gr-9-

12.pdf. 

Coastal Area Management Act. (1974). "Coastal Area Management Act." from 

http://dcm2.enr.state.nc.us/rules/cama.htm. 

Coastal Resources Commission (2010). North Carolina Sea-Level Rise Assessment Report. Science Panel 

on Coastal Hazards. 

Coe, M. A. (2001). "Inquiry Approach: The 5 E Learning Cycle Model." from 

http://faculty.mwsu.edu/west/maryann.coe/coe/inquire/inquiry.htm. 

EPA. (2010). "Coastal Zones and Sea Level Rise." from 

http://www.epa.gov/climatechange/effects/coastal/index.html. 

Feldman, G. C. and J. Gradwohl. "Forecast: moderate coastal climates, variable temperatures inland." 

Planet Ocean, from 

http://seawifs.gsfc.nasa.gov/OCEAN_PLANET/HTML/oceanography_currents_4.html. 

Gornitz, V. (1994). "Sea-Level Rise: A Review of Recent Past and Near-Future Trends." Earth Surface 

Processes and Landforms 20(7). 

Horrigan, J. B. (2006). "The Internet as a Resource for News and Information about Science." Pew 

Internet and American Life Report, from 

http://www.pewinternet.org/~/media//Files/Reports/2006/PIP_Exploratorium_Science.pdf.pdf. 

Huffman, L. E. (1998). "Spotlighting Specifics by Combining Focus Questions with K-W-L." Journal of 

Adolescent & Adult Literacy 41(6): 470-470. 

IPCC. (2007). "Climate Change 2007: Summary for Policymakers." from 

http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf. 

IPCC (2007). IPCC Fourth Assessment Report: Climate Change 2007. Contribution of Working Group I 

to the Fouth Assessment Report of the Intergovernmental Panel on Climate Change, 2007. S. 

Solomon, D. Qin, M. Manninget al. 

Leiserowtiz, A., N. Smith, et al. (2010). Americans' Knowledge of Climate Change. Yale Project on 

Climate Change Communication. Y. University. New Haven. 

Levitus, S., J. Antonov, et al. (2005). "Warming of the world ocean, 1955-2003." Geophyisical Research 

Letters 32. 

Linn, M. C., E. A. Davis, et al., Eds. (2004). Internet Environments for Science Education, Lawrence 

Erlbaum Associates, Inc. 



25 

Miller, L. and B. C. Douglas (2004). "Mass and volume contributions to twentieth-century global sea 

level rise." Nature 428(6981): 406-409. 

Miller, T. (2010). "North Carolina Division of Coastal Management Sea Level Rise Scoping Survey Final 

Report ". 

Moser, S. C. (2005). "Impact assessments and policy responses to sea-level rise in three US states: An 

exploration of human-dimension uncertainties." Global Environmental Change Part A 15(4): 353-

369. 

National Oceanic and Atmospheric Administration. (2007). "Coastal Zone Management Act." from 

http://coastalmanagement.noaa.gov/czm/czm_act.html. 

National Snow and Ice Data Center. (2009). "The Contribution of the Cryosphdere to Changes in Sea 

Level." from http://nsidc.org/sotc/sea_level.html. 

NDT Resource Center. "Teaching with the Constructivist Learning Theory." from http://www.ndt-

ed.org/TeachingResources/ClassroomTips/Constructivist%20_Learning.htm. 

Ogle, D. M. (1986). "K-W-L: A Teaching Model That Develops Active Reading of Expository Text." The 

Reading Teacher 39(6): 564-570. 

Overpeck, J. T. and J. L. Weiss (2009). "Projections of future sea level becoming more dire." Proceedings 

of the National Academy of Sciences 106(51): 21461-21462. 

Poore, R. Z., J. Richard S. Williams, et al. (2000). "Sea Level and Climate." from 

http://pubs.usgs.gov/fs/fs2-00/. 

Rahmstorf, S. (2007). "A Semi-Empirical Approach to Projecting Future Sea-Level Rise." Science 

315(5810): 368-370. 

Rajasekar, M. (2009). North Carolina Sea Level Rise Risk Management Study. 

Raper, S. C. B. and R. J. Braithwaite (2006). "Low sea level rise projections from mountain glaciers ane 

icecaps under global warming." Nature 439(19). 

Rickinson, M. (2001). "Learners and Learning in Environmental Education: a critical review of the 

evidence " Environmental Education Research 7(3). 

Riggs, S. R., D. V. Ames, et al. (2008). Coastal Processes and Conflicts: North Carolina's Outer Banks A 

Curriculum for Middle and High School Students. 

Sing, K.-M. and C. Chew (2009). An Inquiry Approach In Learning Science With Engaging Web-Based 

Multimedia Interactive Resources. N. I. o. E. Singapore. 

Stapp, W. B., et al., (1969). "The Concept of Environmental Education." The Journal of Environmental 

Education 1(1): 30-31. 

Verstynen, S. (2011). "5Es Overview: “The 5E instructional model”." NASA eClips Innovative Rea 

World Learning. 

Winther, A. S., T. L. Volk, et al. (1994). "Issue investigation and citizenship action training: an 

instructional model for environmental education." Environmental Problem Solving, Theory, 

Practice, Possibilities in Environmental Education.



DCM Home About DCM Contact DCM CAMA Counties Search DCM DENR Home ncgov.com

Coastal Hazards & Storm Information :: Sea Level Rise

Welcome to the Division of Coastal Management’s sea-level rise homepage. The information provided here is intended to 
provide you with information about the state of the science of sea-level rise as well as current events in North Carolina 
and elsewhere. Those in search of more technical or detailed information can find some on this page, plus links to 
additional resources. Thank you for visiting, and contact us with any questions or feedback.

Please send us your input on the draft sea-level rise policy: 

The Coastal Resources Commission is inviting public input on a draft sea-level rise policy statement.  
Please click <here> to download the draft.

What is sea-level rise?  

What causes sea-level rise?

Why do predictions vary?

Rate of sea-level rise in North Carolina

How will sea-level rise affect us?

What can I do to be prepared for sea-level rise?

What’s being done to prepare North Carolina for sea-level rise?

Sea-level rise presentations & documents

Sea-level rise in the news

Links

Contact information

What is sea-level rise?  

Everyone who has been to the beach is familiar with high and low tide. The level of the sea changes over the course of a 
tidal cycle – about 12 hours. But does the level of the high and low tide stay constant day after day, year after year? No, 
partly because of natural cycles that raise or lower the level of the ocean, and partly the world has been in a warming 
phase since the end of the last ice age. The warmer the earth, the higher sea levels will be.   

To better understand sea-level rise, it is important first to understand what sea level is, as well as some of the other terms 
used in talking about sea level and sea-level changes. Put simply, sea level is the average height of the ocean, which is 
determined by the amount of water in the ocean and how much space it takes up. This is also referred to as eustatic sea 
level. 

Sea-level rise is an increase in eustatic sea level that is sustained over a long period of time. Sea-level rise can occur as 
a result of water or ice being added to the ocean, or by the water in the ocean heating up and expanding to take up more 
space.  
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Image credit:  Casey Dziuba

Relative sea level is the average height of the ocean in relation to the shoreline. Relative sea-level rise is an increase in 
the height of the sea in relation to its position along the shoreline. Relative sea-level rise can be caused by an increase in 
eustatic sea level, subsidence (sinking) of the land, or a combination of both. For example, if eustatic sea level rises by 
one foot and the land subsides by one foot, that produces two feet of relative sea-level rise. 

Sea level has varied enormously in the history of the earth, sometimes rising, sometimes falling, and sometimes staying 
fairly stable. During the ice ages, water was frozen in giant ice sheets that sat over land, making sea levels low. During 
the warm interglacial periods, much of the land ice melts and flows into the ocean, raising sea levels around the world. 
The warm periods also produce thermal expansion of the oceans because warmer water takes up more space than 
colder water.  Thermal expansion is one of the major contributors to sea-level rise at the present time. 

Sea-level rise is a very slow and gradual process, and it takes years before its impacts become evident. According to a 
report by the Intergovernmental Panel on Climate Change (IPCC), global eustatic sea level has risen more than half a foot 
(0.2 meters or 0.66 feet) over just the past one hundred years.
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North America during the ice ages. Image credit:  B. Andersen & H. Borns, 1997.

North Carolina’s shoreline during the ice ages has been as far eastward as the edge of the continental shelf, and during 
the interglacial periods been almost as far inland as the U.S. Highway 17 corridor. The graphic below shows the 
approximate position of the North Carolina shoreline about 125,000 years ago when sea level was six to seven meters 
higher than it is today.
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Historic northeastern N.C. shoreline, 125,000 years ago. Image credit:  Peter Parham, 2007.

(back to top)

What causes sea-level rise?
In the history of the world, sea level has been hundreds of feet higher and lower than it is today due to the natural climate 
cycle of ice ages and interglacial periods. Changes in sea level can happen due to many factors, including changes in the 
amount of ice and snow stored on land in the form of ice sheets and glaciers, the local shoreline moving up or down, or 
through larger scale processes such as global climate change. For more information please refer to the North Carolina 
Sea-Level Rise Assessment Report.
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Causes of sea-level rise. Image credit: IPCC Climate Change 2001 Synthesis Report

There is a long history of natural climate cycles that occur on our planet. These climate cycles, which we know about 
because of the fossil record and ice cores, produce warm and cool periods on earth. Sea level changes are a part of 
these natural warming and cooling cycles. As the planet gets warmer, seawater expands, glaciers and ice caps melt, and 
sea level rises. As the planet cools, such as during an ice age, more water becomes taken up as ice on land and sea level 
falls.  It is important to distinguish between weather and climate. Weather refers to conditions over a short period of time 
such as minutes, days, or weeks. Climate refers to average weather conditions for a particular area over many years, 
usually decades or longer.

(back to top) 

Why do predictions vary?
Though scientists generally agree that sea-level rise is occurring now, there is some debate over just how much sea level 
is expected to rise by the end of the century and beyond. To determine the extent of future sea-level rise, scientists use 
models which examine the factors, such as greenhouse gas emission scenarios, global average temperature changes, 
thermal expansion, and melting polar ice caps that will contribute to an increase in sea level. 

Scientists also use models to predict how past trends might continue into the future. Because some of the factors cannot 
be accurately predicted, scientists often use a scenario approach to describe what could happen in the future. The IPCC 
estimated in a 2007 report that sea level will rise between 0.59 feet (0.18 meters) and 1.94 feet (0.59 meters) by 2100, 
depending in part on future greenhouse gas emission scenarios and the effect of greenhouse gas concentrations on 
global temperatures and thermal expansion. However, the IPCC estimate did not include the effects of ice caps and 
glaciers melting or falling into the ocean, and more recent studies estimate that sea-level rise could be as high as 4.6 feet 
(1.4 meters) by 2100.  

(back to top)

Rate of sea-level rise in North Carolina
Sea level has changed a lot in North Carolina’s history. Very ancient differences in sea level can be seen in the geologic 
and fossil record. Today, fossils of marine organisms, such as fossilized shark teeth, can be found many miles inland from 
the ocean. This provides evidence that the shoreline was at one time much further inland than it currently is today. More 
recent changes in sea level are measured using technology such as satellites and tide gauges, which report the sea level 
at regular intervals. The information provided by tide gauges in North Carolina show that a gradual rise in sea level has 
been occurring consistently along our state's coast over the last 30 years or more that the gauges have been installed. 
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Reconstructed and measured sea level in North and South Carolina. Graphic: Kemp et al., 2009.  

Eustatic sea-level rise is essentially equal along all parts of the North Carolina coast. However, tide gauge measurements 
reveal that relative sea-level rise is higher in the northern coastal plain (north of Cape Lookout) than in the southern 
coastal plain. This is because the northern coastal plain has a higher subsidence rate than the southern plain.

Station Number Station Name
Mean Sea-

Level Trend 
mm/yr

Period of Data

8651370 Duck 4.64 1978-2010

8652587 Oregon Inlet Marina 3.31 1977-1980, 1994-2010

8656483 Beaufort 2.61 1973-2010

8658120 Wilmington 2.01 1935-2010

The N.C. Coastal Resource Commission’s Science Panel on Coastal Hazards prepared a North Carolina Sea-Level Rise 
Assessment Report in March 2010, which reached a consensus that coastal North Carolina should prepare for a 1 meter 
(3.3 ft) rise in sea level by the year 2100. This would mean an increase in sea level that would be about equal to the 
height of a kitchen countertop. This number was attained though the examination of local tide gauge data, as well as 
reports that reconstructed former sea levels, and modeled future sea levels based on global emissions scenarios and 
other factors.  
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North Carolina coastal elevations from 0-6 feet. Image credit: Elise Leduc.

(back to top)

How will sea-level rise affect us?
Sea level rise is expected to affect our coast in a number of ways and these effects may range from minor to severe. The 
following are some examples of things expected to be impacted by sea level rise in North Carolina:

Beaches•

Historic landmarks and recreation areas, such as lighthouses and state parks•

Public trust resources, such as wetlands and fisheries•

Water supplies and water quality•

Private property, including land and structures•

Barrier islands•

Public infrastructure, such as roads and sewer systems•

Wildlife habitat•

Public lands, such as the Cape Hatteras National Seashore and the Alligator River National Wildlife Refuge•

Farmland•

Some of the potential impacts of sea level rise include:
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Accelerated coastal erosion•

Loss and movement of salt marsh•

Higher storm surge and property damage•

Contamination of drinking water with seawater•

Increased likelihood of flooding during heavy rainfall•

More frequent flooding and drainage problems•

Saltwater intrusion and salinity changes•

Changes in fisheries abundance and distribution•

Image source:  http://www.chathamemergency.org/images/storm%20surge%202.png

Low-lying coastal areas and barrier islands such as the northern coastal plain are considered extremely vulnerable to sea-
level rise impacts. However, it is important to keep in mind that sea-level rise is a long term and very gradual process. 
While there is no cause for immediate alarm, it is still very important to plan for the future. Some of the impacts of sea-
level rise are discussed in more detail below.

Effects on property
Perhaps of greatest concern to residents of North Carolina is the potential for sea-level rise to cause damage to land 
property, such as homes, businesses and infrastructure.  

Image source: http://www.milligan.edu/science/GWallace/OuterBanks2003/Corolla/beacherosion.htm
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Up and down the North Carolina coast, there are already many examples of the damage that can be caused by erosion 
and storm surge. Some oceanfront homeowners are already relying on erosion control structures to limit additional 
property losses.

Image source:  http://www.daylife.com/photo/0a4p2Of2mBfx6

Though erosion and storm surge occur without an increase in sea level, sea-level rise will intensify these events and 
make them happen over a larger area. 

Environmental impacts
Aside from causing property damage, sea-level rise can also have serious impacts on the local environment. Coastal 
ecosystems, such as estuaries and marshes, will feel the greatest impact of sea-level rise. Estuarine environments, which 
occur where freshwater and seawater meet, are highly productive ecosystems that help maintain good water quality by 
acting as a filter for particles and pollutants. The more than 8,000 miles of estuarine shoreline along the North Carolina 
coast are also important fisheries habitats. In fact, three out of four commercial fish in the United States use estuarine 
habitats at some point within their life cycle. Disruption of these important habitats by sea-level rise may result in negative
impacts on fisheries and depleted water quality.  

Rising sea level will cause saltwater to enter into coastal aquifers, a phenomenon known as saltwater
intrusion. Aquifers, which are like large underground lakes, are important sources of drinking water. With saltwater 
intrusion, the water in the aquifer becomes contaminated with salt and turns undrinkable. Saltwater intrusion is a very 
serious problem because it threatens the availability of drinking water and can make soils too salty for native plants to 
grow, creating problems for coastal forests and agriculture. Saltwater intrusion is one of the first impacts that the coast is 
expected to face with an increase in sea level.  

(back to top)

What can I do to be prepared for sea-level rise?
Sea-level rise has been described by the Intergovernmental Panel on Climate Change as “inevitable.” However, that 
doesn’t mean that nothing can be done about it. One of the most important things the average person can do to prepare 
for sea-level rise is to educate themselves. A number of links on the bottom of this page will direct you to other websites 
that will provide more in depth information about sea-level rise. Another important thing coastal residents can do is to get 
involved with their local communities and talk to their local governments about what is being done to prepare their 
community for sea-level rise.  Lastly, every person can do their part to cut greenhouse gas emissions by reducing energy 
consumption through actions like driving less and using less electricity. 

(back to top)
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What’s being done to prepare North Carolina for sea-level rise?
The Coastal Resources Commission and the Division of Coastal Management have taken several steps to evaluate and 
prepare for the risks associated with an increase in sea level and have come up with a six part framework for action. The 
first step was a scoping survey conducted by DCM in the summer and fall of 2009. This was followed by the preparation 
of a Sea-Level Rise Assessment Report by the N.C. Coastal Resource Commission’s Science Panel on Coastal Hazards 
in March 2010. Additional steps that will be taken are (1) Policy Development, (2) recommendations to the Executive 
Branch for adaptation and building resilience, (3) amendments to Coastal Management Program regulations and land use 
planning guidelines, and (4) coordination with state agencies and local government planning.     

Other agencies are also taking steps to prepare for an increase in sea level, such as the Department of Environment and 
Natural Resources and several of its agencies, the Department of Transportation, Division of Emergency Management, 
and many local governments. For example, several local governments have adopted ordinances requiring structures be 
elevated higher than the minimum base flood elevation required by FEMA. Local universities, such as East Carolina 
University, Duke University, Western Carolina University and the University of North Carolina also play an important role 
in preparing the state for sea-level rise through research, education, technical support and policy development.

Please send us your input:

The Coastal Resources Commission is inviting public input on a draft sea-level rise policy statement.   
Please click <here> to download the draft.

(back to top)

Sea-level rise presentations & documents

CRC Sea-Level Rise Science Forum Presentations

CRC Science Panel on Coastal Hazards North Carolina Sea-Level Rise Assessment Report

Division of Coastal Management Sea-Level Rise Scoping Survey Report

NOAA Technical Report: North Carolina Bathymetry/Topography Sea Level Rise Project: Determination of Sea Level 
Trends.  2004.

A Semi-Empirical Approach to Projecting Future Sea-Level Rise. Stefan Rahmstorf, et al. 2007. 

Recent global sea level acceleration started over 200 years ago?  S. Jevrejeva, et al.  2008. 

Modern saltmarsh diatom distributions of the Outer Banks, North Carolina, and the development of a transfer function for 
high resolution reconstructions of sea level.  Benjamin P. Horton, et al. 2006. 

Holocene sea-level changes along the North Carolina Coastline and their implications for glacial isostatic adjustment 
models  Benjamin P. Horton, et al. 2009. 

The relative utility of foraminifera and diatoms for reconstructing late Holocene sea-level change in North Carolina, USA.
Andrew C. Kemp, et al.  2009. 

Kinematic Constraints on Glacier Contributions to 21st-Century Sea-Level Rise. W. T. Pfeffer, et al.  2008.

(back to top)

SLR In the News

Charlotte Observer Rising waters threaten the coast of North Carolina

Carteret News-Times County officials scrutinize proposal on sea-level rise

Carteret News-Times County opposes sea level policy

Carteret News-Times Better to plan ahead

Wilmington Star News Pender officials hear report on sea level rise

Greensboro News-Record Editorial: State must plan for high water

Fayetteville Observer Editorial: Submerged - Sea-level rise demands new plans, action

ENC Today Geologist: Sea level is rising

Charlotte Observer Ground zero of a rising sea
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LA Times Critics' review unexpectedly supports scientific consensus on global warming

The New York Times Huff and Puff and Blow Your House Down

The New York Times Front-Line City in Virginia Tackles Rise in Sea

The Washington Post Greenland ice sheet experienced record melt in 2010

The Australian Sea rising 'at upper end of forecast'

(back to top)

Links of interest

N.C. Department of Environment and Natural Resources Climate Change Initiative

North Carolina Division of Emergency Management Sea-Level Rise Risk Management Study

Intergovernmental Panel on Climate Change (IPCC) http://www.ipcc.ch/

NOAA Office of Ocean and Coastal Resource Management Climate Adaptation Planning Guide

NOAA Coastal Services Center Hazards and Climate Adaptation

NOAA National Ocean Service Coastal Decision-Making Tools

NOAA Digital Coast

NASA Goddard Institute for Space Studies (GISS) 

U.S. EPA Climate Change Science:  Sea Level Changes

USACE:  http://www.usace.army.mil/Pages/default.aspx

Albemarle-Pamlico National Estuary Program’s Climate Ready Estuaries Report

White House Council on Environmental Quality Climate Change Adaptation Task Force

American Association for the Advancement of Science Board Statement on Climate Change

Coastal Elevations and Sea Level Rise Advisory Committee Report

U.S. Geological Survey National Assessment of Coastal Vulnerability to Sea-Level Rise

Contact Information
North Carolina Division of Coastal Management 
400 Commerce Avenue 
Morehead City, NC 28557 
Phone: 252-808-2808 / 1-888-4RCOAST (1-888-472-6278) 
Fax: 252-247-3330 
Staff contact: Tancred Miller 

(back to top)

Last Modified: April 12, 2011 

N.C. Division of Coastal Management . 400 Commerce Ave . Morehead City, NC 28557 

1-888-4RCOAST . Email Us
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The title slide provides the opportunity for you to introduce yourself to the students.
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Tell students that this picture is of a beach in North Carolina. Ask students to imagine themselves
on the beach in this picture.

Next, ask the students to imagine themselves on this same beach 50 years from now.

As the students are imagining themselves in this beach in the future, ask what they are picturing.

Ask the students to describe how they imagine this beach may be the same or different in the
future. This will gauge their background knowledge of sea level rise and of coastal processes.
Some common student answers might be that the beach would be more eroded in the future or the
beach may be more polluted in the future.

After listening to the responses, tell students “Today, we’re going to talk about sea level rise and
how it will affect the coast of North Carolina. The reason I asked you to picture this beach in the
future was to see if anyone thought that it might look different due to sea level rise.”

Ask students “Who has heard of seal level rise before?” and “What do you know about sea level
rise?”

Tell students they are going to do a short activity and pass out handouts of a K W L chart. Have the
students fill out the first two columns, “What I Know” and “What IWant to Know”. Students will
return to the K W L chart at the end of the module to fill out the “What I Learned” column.

Allow students the opportunity to share some of their responses. To encourage participation, write
students’ responses down on the chalkboard if one is available.

(Image courtesy of Casey Dziuba. Photo of Radio Island public beach.)
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Start with the basics. Define sea level and sea level rise using the illustration in the

PowerPoint.

The graphics illustrate the concept of sea level at a specific point of reference, as well as an

increase in sea level. Note that the image on the left represents sea present day sea level,

while the image on the right represents an increase in sea level.

Ask students if they think sea level rise is only occurring now or if they think sea levels have

changed over time.

Emphasize that sea level rise is a long term process and sea level has changed many times

over the history of Earth. To give students an idea how long changes in sea level have been

occurring, reference fossils. This will be demonstrated on the next slide.

(Images created by Casey Dziuba)
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To illustrate this idea, ask students “Who has seen the movie ‘Ice Age’?”

Expand on this by explaining that ice ages are real!

Tell students that there are periods in the history of Earth when the planet was very cold

and a lot of it was covered with ice. There are also periods of time on earth when the

planet is much warmer.

(Image from http://www.wonderfulinfo.com/photos/antarctica/)
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Earth’s climate has not always been the same. The planet has gone between both warm

periods and cool periods.

These cool periods are known as ice ages. An ice age is defined as “A cold period marked

by episodes of extensive glaciation alternating with episodes of relative warmth.”

Encourage students to use context clues to determine the meaning of “glaciation”:

Glaciation simply means that there was a lot of ice on earth.

The images above show North America during the last glacial maximum (left) and

present day (right).

Ask the students to observe the difference in ice coverage of North America.

The changes in the temperature of the planet that cause warm and cold periods will

also result in differences in sea level.

(Definition from http://www.thefreedictionary.com/ice+age)

(Images from http://jan.ucc.nau.edu/~rcb7/nam.html)
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As demonstrated by the last slide, the earth alternates between warm periods and cool

periods.

During these warm and cool periods, the coastline changes, as is demonstrated by the

pictures of the southern United States.

The areas in blue represent areas that were once covered by water. Ask students how this

differs from the coastline today.

How do we know about historic changes in sea level? We know about historic sea levels

from marine fossils, such as shark’s teeth, found many miles inland and from salt marsh

records and the geologic record. Fossils of marine organisms found many miles inland

indicate that water once covered areas that are now dry land. We also know from

archaeological evidence! Artifacts used by ancient humans have been found underwater.

This indicates that at one time, this area that is now underwater was once dry land.

Currently, sea level rise RISING, so that is what this module focuses on.

Tell the students “Today, we are going to learn some of the science behind why this

happens.”

(Image from http://ncatlasrevisited.org/LandRegions/landtitle.htm)
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There are a number of things that contribute to sea level rise. These include thermal

expansion of seawater and melting ice.

The process of sea level rise is being accelerated by climate change. This means that sea

level rise is occurring faster than it would based on this historic changes in sea level

because of a warmer planet.

Tell students “Today, we’re going to how thermal expansion and melting ice contribute to

sea level rise.”

(Image from

http://researchpark.arc.nasa.gov/lecture%20series/archive/Benson_Lecture.html)
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As a transition, tell students “In order to learn about the science behind sea level rise, the first thing we’ll talk
about are the different states of matter.”

Explain to students that there are three states of matter: solid, liquid, and gas (as demonstrated on the slide).
Ask the students to provide an example of each state of matter.

When temperature increases, matter will expand and occupy a larger volume. This is because an increase in
temperature means an increase in energy.

To demonstrate this, do a short exercise with the students to show them the difference in energy between
solids, liquids, and gases.

Short activity:
Ask students to stand up. Tell them to stand very still and lock their arms in place. They are now
demonstrating what it is like to be a solid.
Ask students what happens when a solid is heated up. They should answer “It turns into a liquid.”
Explain to students that by heating the solid to a liquid, they added more energy and the molecules want to
move around more.
Tell students that now they are allowed to move their arms and bodies around, but their feet must stay
stationary.
Ask students what happens when a liquid is heated up. They should be able to answer that “It turns into a
gas.”
Tell them they now have even more energy, and can jump up and down.

Discussion about activity:
Ask students in which state (solid, liquid, or gas) they took up the most room (occupied the most volume).
They should all say that when they were jumping up and down as gas molecules, they required the most
room.
Explain that as temperature increases, water will have more “energy”, and take up a greater volume.

Ask students “What do you think this means for when we heat water?” (Answer: If the water occupies a
larger volume means, it means that the water will take up more room).

(Image created by Casey Dziuba)
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Tell students they are now going to do an experiment to see what happens to a container

of water when it is heated.

Please refer to lesson plan for Hands On Activity #1.

(Image created by Casey Dziuba)
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When asked what happened to the water when heated, students should be able to

respond that the water went up the glass tube.

When asked why they think the water rose in the glass tube, students should be able to

respond that as the water was heated, the molecules got more energy and they expanded,

forcing the water up the glass tube.
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Tell students that what they observed in Activity #1 was thermal expansion.

Thermal expansion may be difficult for younger students to understand. Before reading the
definition of “thermal expansion”, start by breaking down “thermal expansion” into “thermal” and
“expansion”. Ask students what each word means and then piece the concept together.

Temperature affects the volume of a substance, whether it is a liquid, solid, or a gas.

Ask students: “Who knows what volume is?”

In general, volume will increase as temperature increases.

This means that (in general) as things get warmer, they expand, and as they get cooler, they
contract.

Make it real: Ask students “Has anyone ever had trouble opening a cold jar from the fridge? Does
anyone know the trick to get it to open?” Some students may know that running the lid of the jar
under hot water may make the lid expand and easier to remove from the jar.

Make it real: Ask students if they have ever heated up a liquid (bowl of soup, hot chocolate, tea,
etc.) in the microwave. Ask if it ever overflowed when it got really hot. This is a very tangible
example of thermal expansion.

Explain that thermal expansion is what caused the water to go up the glass tube in Activity #1.

(Image from http://www.sciencemediacentre.co.nz/2009/03/27/tea drinking and oesophageal
cancer/)
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Make sure students understand the connection between increased temperature

and increased volume.

The activity was designed to demonstrate the thermal expansion of water when

heated. If the water occupies a larger volume means, it means that the water will

take up more room.

Global climate change and a warming planet are causing thermal expansion in the

oceans.

If the oceans are warmed, the volume of the ocean should increase.

In the last question, see if students can piece together for themselves how thermal

expansion might contribute to sea level rise in North Carolina.
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As a transition, tell students “We just talked about thermal expansion and things getting

warmer. We also discussed how the planet goes through ice ages and warm periods.”

Ask students: “What happens to ice when it gets warmer out?” Answer: “It melts!”

Ask students where they think ice occurs naturally on our planet. Ice can be found both on

land and floating in the sea (shown next two slides).

(Image from http://picasaweb.google.com/lh/photo/U4ck0voGVjDRm9qPCt9aCA)
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Land ice occurs in several forms including ice caps, ice sheets, and glaciers. What the mass

of ice is called depends on its size, but all of these are landlocked ice.

Ask students if they know what landlocked means. Students should be able to define

landlocked as enclosed or surrounded by land.

An ice sheet is the largest and these are found in Greenland and Antarctica.

Ice caps are smaller than ice sheets and are found in places on earth where it is very cold

such as near the poles or high up in the mountains.

Glaciers are the smallest type of landlocked ice and can be seen in the image on the right.

(Images from http://www.scientificamerican.com/blog/60 second

science/index.cfm?tag=ice%20sheet and

http://www.ece.cmu.edu/~koopman/dsn08/excursion.html)
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In contrast, ice shelves and sea ice are all types of ice that float on the ocean.

All types of floating ice are found in the water on parts of earth that are very cold, such as

near Antarctica, Greenland, or Canada.

(Images from http://www.gabrielweinberg.com/blog/2010/11/code icebergs.html ,

http://www.nasa.gov/multimedia/imagegallery/image_feature_576.html ,

http://corpau.blogspot.com/2009/01/antarctica melting faster than first.html)
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Ask students what they think they difference is between land ice and floating ice. Students

should be able to repeat that land ice is on land and floating ice is in the ocean.

Ask students which they think will contribute more to sea level rise.

Follow lesson plan for Activity #2 – Sea Ice vs. Land Ice.
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After setting up both models, have students observe and record their observations and

predictions.

After explaining the activity, tell students that they will return to see the results later during

the module. If module is broken into two days, end day 1 here. Otherwise, take a lunch

break, or utilize heat lamp to melt the ice.
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Ask students to write down their observations of the activity.

Their observations will be used in the Discussion (next).
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Once all of the ice melts in both models, the water level in the glacier (land ice) model

should be visibly higher than the water level in the floating ice model.

The difference in water level between the two models demonstrates that melting ice

sheets and glaciers will contribute to sea level rise, where melting sea ice and ice shelves

will not (or at least not much).

Ask students to try to identify the reason for the difference in thee water level. They

should be able to point out that the floating sea ice was already included in the water level,

whereas the water from the melting glaciers was added water that was not included in the

original water level.
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Tell students they have now learned some of the science behind why sea level rise occurs

and that now it is time to review. Spend a few minutes reviewing key parts of the module

with students.

All of these questions were addressed directly, with the exception of HOW climate change

might accelerate this process. Students should be able to piece together the idea that a

warming planet will cause thermal expansion and will cause ice to melt faster as the planet

gets warmer.

Candy makes a great reward for participation and correct answers to the questions.
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This section will begin the portion of the module on the effects of sea level rise and its

potential impacts on North Carolina.
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Tell students that not all shorelines and coasts look the same.

Tell students that the first thing they are going to do is look at how sea level rise will affect

different types of coasts.

Refer to the lesson plan for Activity #3.

(Photo courtesy of Casey Dziuba)
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Ask students what they observed about sea level rise in this activity. Students should be

able to point out that one model seemed to be much more affected by sea level rise than

other.

Once students identify that sea level rise appeared to produce different results on the

different models, ask the students what the differences were between the two models.

They should be able to grasp the idea that the coasts in this activity had different slopes

and different elevations.

Finally, apply this question to North Carolina. Students should be able to visualize how

various areas of the state may see different impacts of sea level rise and all areas may not

be affected equally.

Stress the idea that sea level rise will not be uniform across the state, the country, or the

world.
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Explain to students that North Carolina was ranked as one of the three states in the United

States that is most vulnerable to sea level rise.

Mention to the students that two other vulnerable states are Florida and Louisiana. Ask

students what they know about these two states. Ask students what these two states

might have in common with North Carolina. Students might know that coastal Florida and

Louisiana have a low elevation above sea level and are very flat (have a very gradual

shallow slope).

Explain to students that some of the reasons North Carolina is vulnerable to sea level rise is

its gradual slope along the coast, low elevation along the coast, and presence of barrier

islands. Remind the students that they observed how sea level rise looks with different

slopes and elevations.

(Photo courtesy of Casey Dziuba)

Appendix 2 60



Tell students “Here are pictures of two beaches. The picture on the left is a beach in North

Carolina. The picture on the right is a beach in Massachusetts.”

Ask students to describe what the difference is between these beaches. They should be

able to point out the beach in North Carolina has a very shallow and gradual slope while

the beach in Massachusetts has a very steep slope.

Ask students if they think sea level rise might look different on these two beaches and

impact these beaches differently.

(Image of left courtesy of Casey Dziuba, Image on right from

http://science.nationalgeographic.com/science/photos/coastlines gallery/#/coastguard

beach_893_600x450.jpg)
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This map, produced by the Environmental Protection Agency (EPA), shows the elevation of

coastal North Carolina.

Ask students if they know what elevation is.

Tell them that elevation can be thought of as how high something is above a specific point,

such as sea level.

Point out to students that there areas in red are low elevations, or parts of North Carolina

that are closest to sea level. The blue areas are a slightly higher elevation.

Make sure that students understand that areas at a low elevation are more vulnerable to

sea level rise. Ask them to point out what parts of North Carolina they think will be most

impacted by a rise in sea level.

(Image from EPA

http://www.epa.gov/climatechange/effects/coastal/slrmaps_sa_nc.html)
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Ask students “Who can tell me what a barrier island is?”

They should respond something along the lines of “a long broad sandy island lying parallel

to a shore that is built up by the action of waves, currents, and winds and that protects the

shore from the effects of the ocean.”

Ask what North Carolina’s barrier islands are. Students should be able to respond that the

barrier islands of North Carolina are known as the Outer Banks.

Barrier islands are dynamic coastal environments. This means that they can move and

change. However, there are a lot of permanent structures (like houses and roads) that have

been built on barrier islands. Sea level rise will affect how these barrier islands move and

change.

(Image from Google Maps, definition from http://mw2.m

w.com/dictionary/barrier%20island)
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Ask students “So what’s the big deal about sea level rise? What impacts will it have on our

coast?”

Explain to students that some of the impacts of sea level rise would be increased erosion,

increased flooding, loss of wetlands, increased storm surge, and saltwater intrusion in to

aquifers.

These impacts are important because people live and work on the coast!

All of these effects will be explained further in future slides.
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Ask students “Who can tell me what erosion is?”

Students should be able to give an informal definition of erosion: When something is worn

away by water, ice, wind, etc. (eg. A sandy beach being worn away by water).

Ask students if they think erosion is a problem in North Carolina.

Older students should probably have a good idea that erosion poses problems to coastal

properties.

Explain that with sea level rise, there may be increased erosion in North Carolina.

(Photo courtesy of Sarah Finn)
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Ask students “Who remembers a big storm when there was a lot of flooding?”

Tell students that this picture was taken in New Bern, North Carolina during the fall of 2010

when there were several days of heavy rain. Students should be able to see from this

picture that flooding can cause a lot of damage.

Though flooding already occurs, sea level rise may lead to more frequent or more severe

flooding.

Another problem caused by sea level rise is more intense and frequent storm surge.

Ask for a student volunteer to define storm surge. Students should be able to define storm

surge as brief abnormal rise in sea level cause by high water and high winds from a storm

event, such as a hurricane or tropical storm.

Explain to students that a storm tide is well above mean sea level and mean high tide.

With sea level rise, the mean sea level and mean high tide will increase. This means that

the storm tide will be even higher and the effects of storm surge may be greater.

(Top image from http://www.weather.com/outlook/weather news/news/articles/east

coast flooding photos_2010 09 30?page=22, Bottom image from

http://www.chathamemergency.org/images/storm%20surge%202.png)
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Ask students if they know what an aquifer is. They should be able to identify an

aquifer as being similar to a large underground lake. They should also be able to

identify it as an important source of drinking water.

Explain to students that with a rising sea level, saltwater can enter into coastal

aquifers and this is known as saltwater intrusion.

Ask students why they think salt water intrusion might be a problem.

Explain to students that one consequence of saltwater intrusion is that the water in

the aquifer becomes contaminated with salt and turns undrinkable.

Saltwater intrusion is a very serious problem because it threatens the availability of

drinking water and can make soils too salty for native plants to grow, creating

problems for coastal forests and agriculture.

Saltwater intrusion is one of the first impacts that the coast is expected to face with

an increase in sea level.

(Image from http://www.lenntech.com/groundwater/seawater intrusions.htm)
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Tell students that another problem associated with sea level rise is the loss of wetlands.

Ask students why they think wetlands are important. Listen to student answers.

Though they have probably already been mentioned, reiterate that wetlands are important

for water quality because they filter out pollutants and are important fisheries habitats.

Explain to students that wetlands and marshes will feel the greatest impact of sea level

rise. Ask students why they think this is the case.

(Photo courtesy of Sarah Finn)
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Tell students that they are now going to do an experiment to see how sea level rise might

affect houses, schools, roads, beaches…

See lesson plan for Activity #4.

(Photo courtesy of Sarah Finn)
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Students should be able to observe that sea level rise inundated houses, roads, etc.
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Ask for student volunteers to answer questions. Candy makes a great incentive for

participation.

Students should be able to answer that North Carolina is vulnerable to sea level rise

because of its gradual slope, low lying topography, barrier islands, high rates of erosion.

Some ways sea level rise might affect North Carolina: increased erosion, loss of wetlands,

saltwater intrusion, increased storm surge, more frequent flooding.

Ask students to return to their K W L worksheets from the first part of the module. Have

them fill out the last column about what they learned in this lesson.
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Tell students that even though sea level rise may seem overwhelming and inevitable, there

are things that they can do to help minimize its impact.

Advise students to stay educated. There are a lot of unknowns about sea level rise and

climate change so it is important to read current publications that have the most recent

information and projections.

A lot of decisions, such as the ones the students made in Activity #4, are made at a local

level. Tell students that if they get involved in their communities, they can make a

difference in the future.

Greenhouse gas emissions are contributing to global warming and as a result, contributing

to sea level rise. Tell students that they can reduce their own greenhouse gas emissions by

riding their bike instead of driving or carpooling with friends.

(Photo courtesy of Casey Dziuba)
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Background

In addition to thermal expansion, the melting of landlocked ice is also expected to contribute to a rise in

sea level. Landlocked ice includes glaciers, ice sheets, and ice caps. This ice is not already included in

the volume of the ocean, but serves as a source of additional water into the ocean when melted.

Floating ice, which includes sea ice and ice shelves, is not expected to contribute substantially to a rise in

sea level because it is already floating in the ocean and contributing to present day sea level, much like

an ice cube floating in a glass of water is contributing to the water level in the glass.

Goals

At the end of this activity, students should be able to identify the differences between landlocked ice

and floating ice. Students should be able to identify that the melting of landlocked ice will contribute to

sea level rise while the melting of floating ice will not have much of an effect on increasing sea level.

Vocabulary

Landlocked ice

Floating ice

Materials

Two shoe box size plastic containers

Modeling clay

Water

Large measuring cup

Ruler

Ice cubes

Preparation

The plastic containers and the modeling clay should be used to create two nearly identical shoreline

scenarios. One container will simulate the melting of floating ice and the other will simulate the melting

of landlocked ice. The “coasts” should be the same except the modeling clay on the landlocked ice

model should have an indentation for the “glacier” to sit in and a small path for melted water to run

down into the ocean.
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Background

North Carolina is considered by the National Oceanic and Atmospheric Administration (NOAA) to be one

of the three states that is most vulnerable to sea level rise. A number of factors contribute to the

state’s vulnerability, including low lying topography, gradual slope, high rate of erosion, and the

presence of barrier islands. This particular activity will be used to demonstrate the relationship between

coastal slope, topography, and the impacts of sea level rise.

Goals

Students should be able to identify factors that make a coastal region more vulnerable to an increase in

sea level. After the activity, students should understand that the slope and elevation of a coastline can

have a big impact on how much sea level rise affects a particular area.

Vocabulary

Slope

Elevation

Topography

Materials

Two shoe box size plastic containers

Modeling clay

Water

Large measuring cup

Ruler

Preparation

The plastic containers and the modeling clay should be used to create two shoreline scenarios that show

very different coastal slopes. One coast should have a very gradual slope and low lying topography and

the other coast should have a steep slope and be more elevated.
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Background

North Carolina is considered by the National Oceanic and Atmospheric Administration (NOAA) to be one

of the three states that is most vulnerable to sea level rise. Sea level rise is expected to affect the North

Carolina coast in a number of ways and these effects may range from minor to severe. The following are

some examples of things expected to be impacted by sea level rise in North Carolina:

Beaches

Historic landmarks and recreation areas, such as lighthouses and State parks

Water quality

Private property, such as homes and businesses

Barrier islands

Infrastructure, such as roads and sewer systems

Wildlife habitat, such as the Alligator River National Wildlife Refuge

This activity will demonstrate how a rise in sea level may affect thing such as home and businesses along

the North Carolina coast and give students the opportunity to think about why it might be a good idea

to build further away from a dynamic coastal environment.

Goals

At the end of the activity, students should be able to point out that homes, businesses, and roads that

are located close to the water may be impacted by sea level rise. Students should also understand the

importance of locating buildings away from areas that are considered vulnerable to a rise in sea level.

Vocabulary

Infrastructure

Land use planning

Sea level rise

Materials

One shoe box size plastic container

Modeling clay

Water

Large measuring cup

Ruler

Figurines/objects that can represent houses, schools, roads, and other forms of infrastructure
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Background:

Introduction to Wetlands

Wetlands are transitional zones between the land and water. They are characterized by soils that are

saturated or covered with water for at least part of the year. Types of wetlands include marshes, bogs,

fens, pocosins, and swamps [1, 2].

Why are wetlands important?

One of the reasons wetlands are so important is that they act like a filter for runoff and trap things like

pollutants. Wetlands trap sediment, remove excess nutrients, and detoxify some harmful chemicals

before they enter a body of water [1]. Because they trap sediment, wetlands help to stabilize the soil.

This helps to absorb water and wave action to lessen flooding and erosion. Wetlands are also important

habitat for many species of plants and animals. Coastal marshes are important for maintaining fish

populations because they serve as a nursery for juvenile fish and help maintain valuable fisheries [3].

Salt Marshes: A Coastal Wetland

Salt marshes are a type of coastal wetland that occur along the intertidal shoreline. They are incredibly

productive ecosystems and have one of the highest rates of primary productivity of wetlands. Salt

marshes can be divided into three parts or zones [4]. These parts include the creekbank marsh, low

marsh, and high marsh. This division into three zones is a result of the flooding of the salt marsh. The

creekbank marsh and low marsh are flooded twice a day with the incoming tide. This flooding occurs

much more often than in the high marsh, which may be dry for days at a time. The differences in

flooding result in different types of organisms that can inhabit each of these parts of the salt marsh.

Goals:

Students should be able to identify different zones of a salt marsh through characteristic vegetation and

flooding patterns. In addition, students should be able to participate in discussions about how sea level

rise might affect salt marshes.

Vocabulary:

Wetland

Salt marsh

Sediment

Vegetation
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Activity:

Students will be given a handout with pictures of species of common salt marsh vegetation as well as

the different zones of the salt marsh they occur in, as well as flags to mark the zones.

Students will use the handout to identify the different types of plants in the salt marsh. They will then

use the knowledge of these types of vegetation to determine the zonation of the salt marsh, identifying

low marsh, creekbank marsh, and high marsh.

Common Salt Marsh Plants

Low Marsh Creekbank Marsh High Marsh

Smooth cordgrass (Spartina

alterniflora)

Smooth cordgrass (Spartina

alterniflora)

Spikegrass (Distichlis spicata)

Black needlerush (Juncus

roemerianus)

Salt meadow cordgrass (Spartina

patens)

Sea ox eye and glasswort

(Salicornia species)

Characteristics of Marsh Zones

Low Marsh Creekbank Marsh High Marsh

Floods twice a day

Soil of clay and silt

Floods twice a day

Grow on levees that form next to

tidal creeks

May be dry for days before being

flooded by the tides

Very salty soil from evaporation

of water

Background:

Wetlands and Sea Level Rise

The location of coastal wetlands, such as salt marshes, are “partially determined” by sea level [5].

Because of this, salt marshes will be very sensitive to sea level rise. As sea level rises, the flooding of

marshes will be altered. Marshes will attempt to survive by trapping sediment and detritus to allow

them to keep up with sea level rise, and might also attempt to migrate inland to a higher elevation. No

one knows yet if marshes will be able to move fast enough to keep up with sea level rise. Areas that

were once flooded infrequently might be flooded more often. Areas that were flooded by the tides
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twice daily could become permanently underwater. Intertidal areas that are constantly submerged

“may die and become bare ground” or even become open sea [5].

Activity:

Students should have already identified the different salt marsh zones. After students indentify the

different marsh zonations, ask the students to think about what might happen to these different zones

when sea level rises. Which areas may become more flooded? How might the marsh change? How

might the marsh look different with sea level rise? Imagine the marsh trying to migrate vertically or

horizontally, is it possible? Is there development in the way? Could marsh islands shrink or disappear?
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