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Objectives

7.1 Outline several other coastal hazards, including those that are associated with the four hazards discussed in Session 6.  These hazards are:  Nor’easters, rip current, high wind, torrential rain, and storm surge. 

7.2   
Discuss potential impacts of each hazard (hazard vs. disaster)

________________________________________________________________________

Scope

Sessions 6 and 7 introduce students to the major natural hazards that occur in the coastal zone.  Assuming many of the students do not have an extensive background in the earth and physical sciences, the material is very basic.  These sessions discuss the natural processes that contribute to the major coastal hazards, where these hazards occur, the frequency of their occurrence, and the impacts they may have on both the human and the natural environments.  Session 6 and Session 7 are both related to this topic.  Session 6 (Major Coastal Hazards, Part I) covers the natural processes that contribute to four selected major coastal hazards and their frequency and distribution.  These four hazards include:  hurricanes, coastal erosion, tsunami, and flooding.  

Session 7 (Major Coastal Hazards, Part II) introduces the natural processes involved in several other major coastal hazards (nor’easters, rip current, and those associated with hurricanes:  high wind, torrential rain, and storm surge).  Session 7 also addresses the impacts that the coastal hazards in Session 6 may have on both humans and the environment.  

Later sessions will discuss case studies of coastal hazards in more detail.

________________________________________________________________________

Note:  Session 7:  Coastal Hazards Part II  is continued directly from Session 6.  The required readings and supplemental considerations for the lecturer are the same as described in Session 6. 

________________________________________________________________________

PowerPoint slides:

Part II:  Session 7

[PowerPoint 7.1 Other Coastal Hazards: Nor’easter]

[PowerPoint 7.2 Other Coastal Hazards:  Hurricane and Nor’easter related]

[PowerPoint 7.3 Other Coastal Hazards: Rip Current]

[PowerPoint 7.4 Impacts: Natural Environment]

[PowerPoint 7.5 Impacts:  Human Environment]

[PowerPoint 7.6 Hurricane Disasters]

[PowerPoint 7.7 Coastal Erosion Disasters]

[PowerPoint 7.8 Tsunami Disasters]

[PowerPoint 7.9  Flooding Disasters]

Handouts (Printable versions available in Appendix A):


[Handout 7.1:  Dolan-Davis Nor’easter Intensity Scale]

[Handout 7.2:  Hurricane Disaster Statistics]

[Handout 7.3:  Coastal Erosion Statistics]

[Handout 7.4:  Flood Disaster Statistics]
________________________________________________________________________

General Requirements:

The Instructor should review some of the additional background reading and prepare copies of handouts for students based on the accompanying PowerPoint presentation. 

The content of this session should be presented as a lecture.  Class discussion can be encouraged throughout the course of the lecture period.  Students could be asked about their experiences with natural disasters and their awareness of the natural hazards that affect the coast.   The instructor could also lead a discussion on the many factors (political, social, economic, etc.) that have to be considered in mitigating these natural hazards.  Students should read the session readings before class and use them as resources for further investigation. 

The following slides will be used for the lecture outline:

[PowerPoint 7.0   Lecture Outline]

Supplemental Considerations

The session picks back up after the discussion of flooding distribution on Slide 6.10.  The slides and documentation start on Slide 7.1 with the nor’easter hazard background slide begin Part II of the Major Coastal Hazards topic.  

The instructor should explain in Slide 7.0:   that the hazards discussed in Part II/Session 7 will introduce 2 new coastal hazards in addition to those covered in Session 6, (nor’easters and rip current) as well as briefly introduce hazards associated with hurricanes and nor’easters.  The four hazards discussed in Session 6 will then also be discussed in terms of their destructive potential at the end of Session 7.

________________________________________________________________________

Objective 7.1  Outline the other coastal hazards that are associated with these four hazards (nor’easters, high wind, torrential rain, storm surge, rip current)

Requirements:  

The content should be presented as lecture, supported by PowerPoint slides.  Handout 7.1 is provided within the Remarks for this objective as well as an appendix at the end of this document.

The comments provided below for the PowerPoint Slides 7.1-7. 3 are mostly provided for the background of the Instructor.  The Instructor may pick and choose from the information provided as they feel is appropriate to discuss.

The following slides will be used during this objective:


[PowerPoint 7.1 Other Coastal Hazards: Nor’easter]

[PowerPoint 7.2 Other Coastal Hazards:  Hurricane and Nor’easter related]

[PowerPoint 7.3 Other Coastal Hazards: Rip Current]

________________________________________________________________________

Remarks:

I.  Other Coastal Hazards:  Nor’easter

[PowerPoint 7.1 Other Coastal Hazards: Nor’easter]

A. Definition

1. Nor'easters, named for the strong northeasterly winds blowing in ahead of the storm, are also referred to as:

· extra tropical cyclones, 

· mid-latitude storms, or 

· Great Lake storms. 

2. Mid-latitude cyclones are characterized by having a low pressure system with associated warm, cold, and occluded fronts. 

3. Nor'easters are a type of mid-latitude cyclone that occurs off the U.S. east coast.

4. They can occur at any time of the year, but the ones that occur during the fall and winter months are usually the most violent because of the temperature differences of the converging air masses: 

· the cold air is colder, and the warm air drawn up from the south and from the ocean is still quite warm. 

· They usually develop between 30-35N, as that's where the Gulf Stream comes closest to the continent. 

B. Description

1. The presence of the Gulf Stream off the eastern seaboard during the winter season acts to dramatically enhance surface horizontal temperature gradients within the coastal zone. 

2. It is the temperature structure of the continental air mass and the position of the temperature gradient along the Gulf stream that drives this cyclone development. 

3. As a low pressure deepens, winds and waves can uninhibitedly increase and cause serious damage to coastal areas as the storm generally moves to the northeast.  

4. Davis and Dolan (1993) have proposed an intensity scale (as shown below and in Slide 7.1) that is based upon levels of coastal degradation.  
Handout 7.1:  Dolan-Davis Nor'easter Intensity Scale
	Dolan-Davis Nor’easter Intensity Scale

	Storm Class
	Beach Erosion
	Dune Erosion
	Over wash
	Property Damage

	1 (Weak)
	Minor changes
	None
	No
	No

	2 (Moderate)
	Modest; mostly to lower beach
	Minor
	No
	Modest

	3 (Significant)
	Erosion extends across beach
	Can be significant
	No
	Loss of many structures at local level

	4 (Severe)
	Severe beach erosion and recession
	Severe dune erosion or destruction
	On low beaches
	Loss of structures at community-scale

	5 (Extreme)
	Extreme beach erosion
	Dunes destroyed over extensive areas
	Massive in sheets and channels
	Extensive at regional-scale; millions of dollars


II.  Nor’easter and Hurricane related hazards:  high wind, torrential rain, storm surge, severe winter weather, and waterspout

[PowerPoint 7.2 Other Coastal Hazards:  Hurricane and Nor’easter related]

High Wind

A. Definition

      1.  High wind is defined as:

· an event with sustained wind speeds of 40 m.p.h. or greater lasting for 1 hour or longer OR
· an event with winds of 58 m.p.h. or greater for any duration.

B. Description

1. High-wind events frequently affect multiple jurisdictions, extending horizontally for hundreds of miles. 

2. The duration of the event ranges from about 4 hours up to 2 to 3 days, usually with nocturnal lulls. 

3. The storms occur mainly during the late winter and early spring, when pressure gradients are extreme and soils are bare. They worsen during the late morning and become the most intense during the late afternoon, when atmospheric mixing is most pronounced. 

Torrential Rain

A.  Definition

     1.  Torrential rain is any rain that pours down fast, violently, or heavily.

B.  Description

1. When accompanied by a hurricane, heavy rains and ocean waters brought ashore by strong winds can cause flooding in excess of 50 cm (20 in) over a 24 hour period. 

2. The runoff systems in many cities are unable to handle such an increase in water because of the gentle topography in many of the coastal areas where hurricanes occur. 

3. Hurricanes are capable of producing copious amounts of flash flooding rainfall.
· During landfall, a hurricane rainfall of 10 to15 inches or more is common. 

· If the storm is large and moving slowly-less than 10 mph-the rainfall amounts from an well-organized storm are likely to be even more excessive. 

· To get a generic estimate of the rainfall amount (in inches) that can be expected, divide the storm's forward motion by 100, i.e. Forward Speed/100 = estimated inches of rain. 
      4.  During a hurricane, the heaviest rain usually occurs along the coastline, but

           sometimes there is a secondary maximum further inland. 

· This heavy rain usually occurs slightly to the right of the cyclone track and usually occurs between 6 hours before and 6 hours after landfall. 

· The amount of rain depends on the size of the cyclone, the forward speed of the cyclone and whether it interacts with a cold front. 

· Interaction with a cold front will not only produce more tornadoes but more rainfall as well.

STORM SURGE

A.  Definition

1.  Storm surge is defined as:  the difference between maximum height of the water actually observed during the storm and the height that would be expected (or predicted) due to normal tidal fluctuations. 

· These values represent the increase in the height of the water due to the storm alone. 

· The effect of the tide has been subtracted out.

B.  Description

1. Storm surges can come ashore up to five hours before the storm and destroy low-elevation coastal areas.  

· It is especially damaging when the storm surge occurs during high tide and 

· consequently is often responsible for most hurricane-related deaths. 

2. Storm surge is a large dome of water often 50 to 100 miles wide that sweeps across the coastline near where a hurricane makes landfall. 

3. It can range from 4 to 6 feet for a minimal hurricane to greater than 20 feet for the stronger ones. 

4. The surge of high water topped by waves is devastating. 

· The stronger the hurricane and the shallower the offshore water, the higher the surge will be. 

· Along the immediate coast, storm surge is the greatest threat to life and property, even more so than the high winds.   

· The diagram below demonstrates the power of a large storm surge event:
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5. Wave and current action associated with the tide also causes extensive damage. 

· Water weighs approximately 1,700 pounds per cubic yard; 

· extended pounding by frequent waves can demolish any structure not specifically designed to withstand such forces. 

· The currents created by the tide combine with the action of the waves to severely erode beaches and coastal highways. 

· Many buildings withstand hurricane force winds until their foundations, undermined by erosion, are weakened and fail.  

· Furthermore, in estuaries and bayous, intrusions of salt water endanger the public health and send animals, such as snakes, fleeing from flooded areas.

6. The severity of a storm surge event hinges on several factors.  

· One of these is the tide system:  

· When storm surge coincides with the high tide on the day of the storm, maximum flooding elevation and damage will occur.  

· Also since the associated storm surges are more persistent and have a greater likelihood of occurring during a high tide, the potential storm tides are great if the hurricanes remain in the area for longer periods of time (up to several days).

· The angle of attack is another very important aspect to consider when determining the potential damage from a hurricane storm surge.  

· The Right-Front Quadrant (RFQ) is the stronger side of the storm and will deliver the highest storm surge. 

· A hurricane striking the coast head on, or perpendicular, will do the most damage as far as storm surge is concerned. 

· South facing beaches that are struck by a north moving hurricane would fit this profile. 

Severe Winter Weather

A. Definition

       1.  Severe winter storms are:  extra tropical cyclones fueled by strong temperature     

            gradients and an active upper-level jet stream. 

· These storms produce an array of hazardous weather conditions, including freezing rain, ice storms, snowstorms, blizzards, and wind chill.

B. Description

1 The threat to severe winter weather varies by location and by type of storm.  Coastal areas typically face their greatest threat from nor’easters and other severe winter coastal storms.  

2 These storms can contain strong waves and result in extensive beach erosion and flooding.  

3 Freezing rain and ice storms typically occur once every several years at coastal locations. 

4 Severe snowstorms have been recorded occasionally in coastal areas.

Waterspout 

A. Definition

1.  Water spouts are rotating columns of air similar in appearance to that of the tornado. 

2. They develop over warm ocean currents during unstable conditions or as cold front boundaries pass over the ocean. 

· Because they are over the ocean, they do not pick up debris, but water spray is observed at the base.
  

· Waterspouts last approximately fifteen to twenty minutes, and few last more than a half hour.

3. The vortex or funnel of a waterspout usually develops at the water surface and builds skyward. 

· While the thin-columned waterspouts appear to be sucking water up from the water surface, what is actually seen is the condensation of water vapor in the rotating vortex air. 

· As the column rotates, the highly humid air is cooled by expansion to its condensation point. 

· When the water vapor in the vortex condenses, it makes the whirling mass visible. 

· At the surface, the vortex winds stir the water into mushroom-shaped water sprays at the funnel base.

B. Description

1. Waterspouts most often form in the regions of high water temperatures in the Gulf of Mexico, through the Florida Straits to the Bahamas and then northward up the US East Coast following the Gulf Stream. 

2. They are most common during the summer in very warm, subtropical waters, especially near island chains such as the Florida Keys.

3. Like tornadoes, waterspouts often form in families. 

· Ships at sea have reported as many as thirty in one day and as many as nine have been seen forming in a 90-minute period under the same cloud line. 

· Due to the slow movement of waterspouts and their high visibility, however, ships are usually able to steer clear of them. 

III. Other Coastal Hazards:  Rip Current

[PowerPoint 7.3 Other Coastal Hazards: Rip Current]

A. Definition

       1.  A narrow channel of water flowing seaward from the beach though areas of

            breaking waves, occurring over the waters and bays of the ocean.  

· They often form when the gradient wind is strong and directly onshore or

·  when swell from a distant extratropical or tropical cyclone impinge on the coast. 

B. Description

1. Unlike undertows, rip currents are shallow water processes that do not pull a person under. They form when water, piled against the shore, begins to return to deeper water. 

2. Typically, strong wind and swell waves push water over a sandbar allowing excess water to collect. Eventually, the excess water starts to return seaward through low areas in the sandbar, "ripping" an opening.

3. Near the beach, rip currents are narrow (30-60 feet wide) with increasing width as they extend up to 1000 feet offshore. The velocity of the water can be as high as 5 mph, which is faster than an Olympic swimmer.
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4. Rip currents form when wind and swell waves are pushed over sandbars. The weight of the excess water near the shore can rip an opening in the sandbar allowing water to rush seaward.

___________________________________________________________________

Objective 7.2  Discuss potential impacts of each hazard (hazards v. disasters).

Requirements:

The content should be presented as lecture, supported by PowerPoint slides. Handouts 7.2 – 7.4 are provided within the Remarks for this objective as well as an appendix at the end of this document.

Supplemental Considerations:

The intent of these slides is to give a general sense of the damage (to both lives and property) that can occur with each hazard.  There are a number of statistics associated with each of these hazard events.  The information provided below supplies only some of the basic statistics for each hazard and the lecturer may choose which are the most interesting to the particular class.  

The following slides will be used during this objective:

[PowerPoint 7. 4 Impacts: Natural Environment]

[PowerPoint 7. 5 Impacts:  Human Environment]

[PowerPoint 7. 6 Hurricane Disasters]

[PowerPoint 7. 7 Coastal Erosion Disasters]

[PowerPoint 7. 8 Tsunami Disasters]

[PowerPoint 7. 9  Flooding Disasters]

______________________________________________________________________
Remarks:

VI.  Impacts: Natural environment

[PowerPoint 7. 4 Impacts: Natural Environment]

1. Natural disturbance to coastal ecosystems does occur with natural hazards.  

2. The impacts to the environment vary upon the magnitude of the hazard, but many different communities of flora and fauna can be impacted in the coastal zone.  

· For example, Category 4 and 5 hurricanes can significantly impact reef communities. 

·  Corals can be damaged and killed via sand scour, projectiles, and rapid changes in temperature and salinity if there is heavy rainfall.  

· Fish and invertebrates can also be affected.  

· Recovery takes 10-100 years, depending on the extent of the damage and the availability of sexual propagules from nearby reefs.  

· Recovery on Pacific reefs is generally faster than on Caribbean reefs (probably due to greater recruitment of juvenile corals). 

3. Hurricanes are a natural disturbance agent on coral reefs communities, which can, in some cases, increase community diversity by preventing superior competitors from excluding other species.  Many reef species are well adapted to deal with all but the most severe hurricanes.  

· However, if the frequency or severity of hurricanes increased (e.g., as a result of global climate change), then the overall negative impact on reefs could become more significant. (Taken from Session 5: Coral Reefs, by John Bruno).  

V.  Impacts:  Human Environment

[PowerPoint 7. 5 Impacts:  Human Environment]

1. The difference between a natural hazard and a natural disaster is that disasters occur when there is something in the way of the natural hazard.  

· A natural hazard is an event that will occur as a part of nature; it is only when humans and the built environment collide with these natural phenomenon that disaster strikes. 

· Slide 7.5 demonstrates this point by showing two pictures: one of an undeveloped barrier island compared to a developed barrier island.  Natural hazards take place on both  islands, but it is easy to see how a natural disaster could occur on the developed island.

· The following slides only briefly highlight this collision for the four coastal hazards. (Sessions 17 and 18 will examine specific case studies of these hazards in greater detail.)

VI.  Hurricane Disaster

[PowerPoint 7. 6 Hurricane Disasters]

1.    The following death estimates were taken from     

      http://www.ns.ec.gc.ca/weather/hurricane/hurricanes8.html#deadliest and are available

      as Handout 7.2 in Appendix A for distribution to the class for further discussion.

· Deadliest:
Bangladesh Cyclone of 1970. It killed 300,000 people. 

Handout 7.2:  Hurricane Disaster Statistics
· 10 Deadliest Hurricanes in the Recorded History of Atlantic hurricanes:

22,000 deaths: October, 1780 - Barbados, Martinique, St. Eustatius 


12,000 deaths: September, 1900 - Galveston, Texas 


10,000 deaths: October 1998 - Honduras, Nicaragua (Hurricane Mitch) 


8,000 - 10,000 deaths: September 1974 - Honduras (Hurricane Fifi) 


8,000 deaths: September, 1930 - Santo Domingo 


8,000 deaths: September - October, 1963 - Haiti (Hurricane Flora) 


4,000 deaths: September, 1775 - South of Newfoundland 


3,370 deaths: September, 1928 - Lake Okeechobee, P.R., Guadaloupe 


3,369 deaths: August, 1899 - Puerto Rico 


3,000 deaths: June, 1934 - El Salvador, Honduras 

2. On average, hurricanes kill 80 people every year in the US

      (http://www.nationalgeographic.com/ngm/9807/resources.html).  

3. The following table (also in distributable format as Handout 7.2 in Appendix A) reports the costliest hurricanes in the United States as reported on the National Weather Service Tropical Prediction Center website:  http://www.nhc.noaa.gov/pastcost.shtml. 

· The total damages from these cyclones is greater than $77 billion.

	The 30 costliest tropical cyclones to strike the U.S. mainland, with addendum for Hawaii, Puerto Rico, and the US Virgin Islands. Damages are listed in US dollars and are not adjusted for inflation.

	Rank
	Hurricane
	Year
	Category
	Damage

	
	
	
	
	

	1
	Andrew (SE FL, SE LA)
	1992
	5a
	26,500,000,000

	2
	Hugo (SC)
	1989
	4
	7,000,000,000

	3
	Floyd (Mid Atlantic & NE U.S.)
	1999
	2
	4,500,000,000

	4
	Fran (NC)
	1996
	3
	3,200,000,000

	5
	Opal (NW FL, AL)
	1995
	3
	3,000,000,000

	6
	Georges (FL Keys, MS, AL)
	1998
	2
	2,310,000,000

	7
	Frederic (AL, MS)
	1979
	3
	2,300,000,000

	8
	Agnes (FL, NE U.S.)
	1972
	1
	2,100,000,000

	9
	Alicia (N TX)
	1983
	3
	2,000,000,000

	10
	Bob (NC, NE U.S.)
	1991
	2
	1,500,000,000

	11
	Juan (LA)
	1985
	1
	1,500,000,000

	12
	Camille (MS, SE LA, VA)
	1969
	5
	1,420,700,000

	13
	Betsy (SE FL, SE LA)
	1965
	3
	1,420,500,000

	14
	Elena (MS, AL, NW FL)
	1985
	3
	1,250,000,000

	15
	Gloria (Eastern US)
	1985
	3b
	900,000,000

	16
	Diane (NE U.S.)
	1955
	1
	831,700,000

	17
	Bonnie (NC, VA)
	1998
	2
	720,000,000

	18
	Erin (NW FL)
	1995
	2
	700,000,000

	19
	Allison (N TX)
	1989
	TSc
	500,000,000

	19
	Alberto (NW FL, GA, AL)
	1994
	TSc
	500,000,000

	19
	Frances (TX)
	1998
	TSc
	500,000,000

	22
	Eloise (NW FL)
	1975
	3
	490,000,000

	23
	Carol (NE U.S.)
	1954
	3b
	461,000,000

	24
	Celia (S TX)
	1970
	3
	453,000,000

	25
	Carla (N & Central TX)
	1961
	4
	408,000,000

	26
	Claudette (N TX)
	1979
	TSc
	400,000,000

	26
	Gordon (S & Central FL, NC)
	1994
	TSc
	400,000,000

	28
	Donna (FL, Eastern U.S.)
	1960
	4
	387,000,000

	29
	David (FL, Eastern U.S.)
	1979
	2
	320,000,000

	30
	Unnamed (New England)
	1938
	3b
	306,000,000

	Addendum (rank is independent of other events in group) 

	4
	Georges (USVI, PR)
	1998
	3
	3,600,000,000

	10
	Iniki (Kaua'i, HI)
	1992
	Unknown
	1,800,000,000

	10
	Marilyn (USVI, PR)
	1995
	2
	1,500,000,000

	15
	Hugo (USVI, PR)
	1989
	4
	1,000,000,000

	19
	Hortense (PR)
	1996
	1
	500,000,000

	29
	Lenny (USVI, PR)
	1999
	4
	330,000,000

	29
	Olivia (CA)
	1982
	TDd
	325,000,000

	30
	Iwa (Kaua'i, HI)
	1982
	Unknown
	312,000,000


Notes
a Reclassified as Category 5 in 2002
b Moving more than 30 miles per hour
c Tropical Storm intensity
d Tropical Depression 

VII.  Coastal Erosion Disaster

[PowerPoint 7. 7 Coastal Erosion Disasters]

1. The Heinz Center has published an entire document that evaluates coastal erosion and details the severity of this hazard as a disaster in the future.  The study shows the following key findings made available as a handout for distribution: (taken from p.xxiv of Evaluation of Erosion Hazards by the Heinz Center, www.heinzcenter.org).

Handout 7.3:  Coastal Erosion Statistics
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Within the first few hundred feet bordering the Nation’s coasts, property owners face as large a
risk of damage from erosion as they do from flooding. Information about the magnitude of this
risk, which varies widely, is generally not available.

Roughly 1,500 homes and the land on which they are built will be lost to erosion each year, on
average, for the next several decades. Costs to coastal property owners will average $530 million
per year. Additional beach nourishment or structural protection might lead to lower losses;
additional development in the most erosion prone areas will lead to higher losses.

At current enrollment levels, the National Flood Insurance Program will pay $80 million per year
for erosion-related damage, about 5 percent of today’s premiums. Total losses will rise with
hoped-for enrollment increases.

Today’s property values within the areas most susceptible to coastal erosion have been lowered by
a total of $3.3 billion to $4.8 billion nationwide as a result of erosion, a loss of about 10 percent.

Most of the damage from erosion over the next 60 years will occur in low-lying areas also subject
to the highest risk of flooding. Some additional damage will also occur along eroding coastal
bluffs.

Although certain types of erosion damage are not eligible under National Flood Insurance Program
rules, most erosion-related losses sustained by policyholders is reimbursed by the program.
However, erosion damage is not fully reflected in flood insurance rates; current rates are primarily
based on flood risk alone. Thus erosion losses will be subsidized by policyholders in non-eroding
areas or by general taxpayers.

To fully reflect risk, insurance rates in the highest risk coastal areas must be, on average, twice
today’s rates. Rate increases could be spread uniformly across the highest risk coastal areas or
varied according to the risk of erosion-related damage. The rate increases needed to cover
expected erosion losses can be designed to be acceptable to a majority of current policyholders,
based on results of a mail survey.

The cost of identifying, mapping, disseminating, and maintaining information on the erosion
hazard nationwide is about $5 million per year. For comparison, if all currently empty lots in areas
most susceptible to erosion are built on, damage from erosion would rise by roughly $100 million
per year for the value of the structures alone. The cost effectiveness of mapping depends on how
much the maps reduce development (and rebuilding) within eroding areas, but the investment is
likely to be worthwhile.

Development density in several of the high-risk coastal areas studied by The Heinz Center
increased by more than 60 percent over the last 20 years. Roughly 15 percent of this increase
appears attributable to the influence of the National Flood Insurance Program. However, the
building standards and floodplain management requirements that are part of the program have
reduced flood and erosion damage per structure by roughly 35 percent. Thus, for development
after 1980, the program has lowered damage by about 25 percent below the level that would have
occurred without the program.





2. An example of coastal erosion and how it can drastically affect a large number of built structures is displayed graphically on the corresponding coastal erosion disaster slide.  

· This example is of South Bethany, Delaware, where it can easily be seen from the aerial photograph the number of structures that will no longer be on solid ground after a period of 30 and 60 years.  

3. An example of what can be done to avoid these structures from being lost into the sea is that of the Cape Hatteras Lighthouse.  It is an interesting example of how a very large structure can be moved for its protection from coastal erosion.  

· More information about the Cape Hatteras, North Carolina Lighthouse story can be found at the National Park Service website:  http://www.nps.gov/caha/lrp.htm.  

· This site has images, articles, awards, and an assortment of information about moving the lighthouse along with erosion rates over time that eventually wore away at the beach in front of the lighthouse.  

4. Conversely, the Morris Island, South Carolina Lighthouse was not moved and was overtaken by the ocean.  It still stands today off the coast of Charleston, only under water. 

· The dramatic amount of erosion that took place to create this situation is further explained at the Save the Morris Island Lighthouse website: http://www.savethelight.org/.  

VIII.  Tsunami Disaster

[PowerPoint 7. 8 Tsunami Disasters]

1. These giant waves have a great potential for loss of life and property due to their extreme destructive potential in highly populated coastal areas and low warning time for evacuation.  
2. The corresponding slide shows an example of the devastation that took place in downtown Hilo, Hawaii in 1960 after the Chilean earthquake generated tsunami struck. 

· “After the tsunami had passed the Hawaiian Islands damage costs were estimated at $24 million and 61 people had died…The tsunami arrived at Hilo 14.8 hrs after the it originated off the coast of South Central Chile.” (http://www.geophys.washington.edu/tsunami/general/historic/chilean60.html)  

3. In total, tsunamis have killed more than 50,000 people in the past century (http://www.nationalgeographic.com/ngkids/9610/kwave/index.html).  
4. FEMA also lists information about tsunami disasters(listed below) on their website:  http://www.fema.gov/hazards/tsunamis/tsunami.shtm 
· “DID YOU KNOW . . . 


In 1964, an Alaskan earthquake generated a tsunami with waves between 10 and 20 feet high along parts of the California, Oregon, and Washington coasts. This tsunami caused more than $84 million in damage in Alaska and a total of 123 fatalities. 


Although tsunamis are rare along the Atlantic coastline, a severe earthquake on November 18, 1929, in the Grand Banks of Newfoundland generated a tsunami that caused considerable damage and loss of life at Placentia Bay, Newfoundland. 


In 1946, a tsunami with waves of 20 to 32 feet crashed into Hilo, Hawaii, flooding the downtown area and killing 159 people. 


The Tsunami Warning Centers in Honolulu, Hawaii, and Palmer, Alaska, monitor disturbances that trigger tsunamis. When a tsunami is recorded, it is tracked and a tsunami warning is issued to the threatened area. 


Most deaths during a tsunami are a result of drowning. Associated risks include flooding, polluted water supplies, and damaged gas lines. 


Since 1945, more people have been killed as a result of tsunamis than as a direct result of an earthquake’s ground-shaking.”

IX.  Flood Disaster

[PowerPoint 7. 9  Flooding Disasters]

1. Flooding results in disaster when water levels rise in developed areas along the coast and can cause a great deal of damage to lives and property.  

2. According to the NOAA website (http://www.nws.noaa.gov/oh/hic/flood_stats/recent_individual_deaths.html) the total number of lives lost to flooding from 1903 – 2002 is greater than 9,300 people .  

· This does not account for earlier records of death that do not report all deaths due to flooding.  

3. Loss estimations due to flooding just in the 1990’s alone exceed 50 billion dollars of damage! The chart shown in the presentation gives a summary of the following table of flood damages: (http://www.nws.noaa.gov/oh/hic/flood_stats/Flood_loss_time_series.htm ).  This entire table is also in a handout form (Handout 7.4) in Appendix A.
Handout 7.4:  Flood Disaster Statistics

	Year
	Unadjusted
Damages
(K) 
	CCI
Index
	Adjustment
Factor
	Adjusted
Damages
(Billion) 

	1903
	$53,116
	95
	64.6
	$3.430

	1904
	$6,545
	95
	64.6
	$0.423

	1905
	$11,000
	95
	64.6
	$0.710

	1906
	$400
	95
	64.6
	$0.026

	1907
	$15,576
	101
	60.7
	$0.946

	1908
	$10,250
	97
	63.2
	$0.648

	1909
	$49,134
	91
	67.4
	$3.312

	1910
	$21,239
	96
	63.9
	$1.357

	1911
	$7,772
	93
	66.0
	$0.513

	1912
	$77,586
	91
	67.4
	$5.230

	1913
	$171,387
	100
	61.3
	$10.513

	1914
	$17,951
	89
	68.9
	$1.237

	1915
	$14,131
	93
	66.0
	$0.932

	1916
	$26,124
	130
	47.2
	$1.233

	1917
	$27,330
	161
	38.1
	$1.041

	1918
	$7,867
	189
	32.5
	$0.255

	1919
	$3,164
	198
	31.0
	$0.098

	1920
	$24,771
	251
	24.4
	$0.605

	1921
	$28,647
	202
	30.4
	$0.870

	1922
	$52,060
	174
	35.2
	$1.835

	1923
	$52,905
	214
	28.7
	$1.516

	1924
	$16,979
	215
	28.3
	$0.484

	1925
	$9,923
	207
	29.6
	$0.294

	1926
	$23,468
	208
	29.5
	$0.692

	1927
	$347,656
	206
	29.8
	$10.352

	1928
	$44,611
	207
	29.6
	$1.322

	1929
	$68,098
	207
	29.6
	$2.018

	1930
	$15,850
	203
	30.2
	$0.479

	1931
	$2,808
	181
	33.9
	$0.095

	1932
	$10,295
	157
	39.1
	$0.402

	1933
	$36,679
	170
	36.1
	$1.323

	1934
	$10,362
	198
	31.0
	$0.321

	1935
	$127,127
	196
	31.3
	$3.979

	1936
	$282,549
	206
	29.8
	$8.413

	1937
	$440,730
	235
	26.1
	$11.504

	1938
	$101,098
	236
	26.0
	$2.628

	1939
	$13,834
	236
	26.0
	$0.360

	1940
	$40,467
	242
	25.4
	$1.026

	1941
	$39,524
	258
	23.8
	$0.940

	1942
	$98,507
	276
	22.2
	$2.189

	1943
	$199,732
	290
	21.2
	$4.225

	1944
	$101,079
	299
	20.5
	$2.074

	1945
	$165,796
	308
	19.9
	$3.302

	1946
	$70,813
	246
	24.9
	$1.766

	1947
	$272,328
	413
	14.8
	$4.045

	1948
	$229,959
	461
	13.3
	$3.060

	1949
	$93,931
	477
	12.9
	$1.208

	1950
	$176,050
	510
	12.0
	$2.117

	1951
	$1,028,741
	549
	11.2
	$11.494

	1952
	$254,064
	569
	10.8
	$2.739

	1953
	$122,204
	600
	10.2
	$1.249

	1954
	$106,842
	626
	9.80
	$1.047

	1955
	$995,491
	660
	9.29
	$9.252

	1956
	$64,688
	692
	8.86
	$0.573

	1957
	$360,303
	724
	8.47
	$3.053

	1958
	$218,255
	759
	8.08
	$1.764

	1959
	$141,255
	797
	7.70
	$1.087

	1960
	$92,976
	824
	7.44
	$0.692

	1961
	$154,033
	847
	7.24
	$1.116

	1962
	$75,237
	872
	7.03
	$0.529

	1963
	$177,946
	901
	6.81
	$1.211

	1964
	$651,642
	936
	6.55
	$4.270

	1965
	$788,046
	971
	6.32
	$4.978

	1966
	$117,004
	1019
	6.02
	$0.704

	1967
	$375,218
	1074
	5.71
	$2.143

	1968
	$339,399
	1155
	5.31
	$1.802

	1969
	$902,654
	1269
	4.83
	$4.363

	1970
	$225,453
	1381
	4.44
	$1.001

	1971
	$287,525
	1581
	3.88
	$1.116

	1972
	$4,465,135
	1753
	3.50
	$15.624

	1973
	$1,894,493
	1895
	3.24
	$6.132

	1974
	$576,203
	2020
	3.04
	$1.750

	1975
	$1,373,269
	2212
	2.77
	$3.808

	1976
	$3,000,000
	2401
	2.55
	$7.664

	1977
	$1,300,000
	2576
	2.38
	$3.096

	1978
	$700,000
	2776
	2.21
	$1.547

	1979
	$3,500,000
	3003
	2.04
	$7.149

	1980
	$1,500,000
	3237
	1.89
	$2.842

	1981
	$1,000,000
	3535
	1.74
	$1.735

	1982
	$2,500,000
	3825
	1.60
	$4.009

	1983
	$4,000,000
	4066
	1.51
	$6.034

	1984
	$3,750,000
	4146
	1.48
	$5.548

	1985
	$500,000
	4195
	1.46
	$0.731

	1986
	$6,000,000
	4295
	1.43
	$8.569

	1987
	$1,444,199
	4406
	1.39
	$2.011

	1988
	$225,298
	4519
	1.36
	$0.306

	1989
	$1,080,814
	4615
	1.33
	$1.437

	1990
	$1,636,431
	4732
	1.30
	$2.121

	1991
	$1,698,781
	4835
	1.27
	$2.155

	1992
	$762,762
	5004
	1.23
	$0.935

	1993
	$16,370,010
	5162
	1.19
	$19.452

	1994
	$1,120,309
	5320
	1.15
	$1.292

	1995
	$5,110,829
	5471
	1.12
	$5.730

	1996
	$6,121,884
	5596
	1.10
	$6.710

	1997
	$8,730,407
	5847
	1.05
	$9.159

	1998
	$2,496,960
	5944
	1.03
	$2.577

	1999
	$5,455,263
	6134
	1.00
	$5.455


_____________________________________________________

� � HYPERLINK "http://australiasevereweather.com/techniques/moreadv/funnels.htm#3" ��http://australiasevereweather.com/techniques/moreadv/funnels.htm#3�
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Appendix A:  Handouts





Handout 7.1 -  Handout 7.4:   available for photocopy and distribution to students




















Handout 7.1:  Nor’easter Dolan-Davis Intensity Scale





Dolan-Davis Nor’easter Intensity Scale�
�
Storm Class�
Beach Erosion�
Dune Erosion�
Over wash�
Property Damage�
�
1 (Weak)�
Minor changes�
None�
No�
No�
�
2 (Moderate)�
Modest; mostly to lower beach�
Minor�
No�
Modest�
�
3 (Significant)�
Erosion extends across beach�
Can be significant�
No�
Loss of many structures at local level�
�
4 (Severe)�
Severe beach erosion and recession�
Severe dune erosion or destruction�
On low beaches�
Loss of structures at community-scale�
�
5 (Extreme)�
Extreme beach erosion�
Dunes destroyed over extensive areas�
Massive in sheets and channels�
Extensive at regional-scale; millions of dollars�
�



































































































Handout 7.2:  Hurricane Disaster Statistics





10 Deadliest Hurricanes in the Recorded History of Atlantic hurricanes http://www.ns.ec.gc.ca/weather/hurricane/hurricanes8.html#deadliest


	22,000 deaths: October, 1780 - Barbados, Martinique, St. Eustatius 


	12,000 deaths: September, 1900 - Galveston, Texas 


	10,000 deaths: October 1998 - Honduras, Nicaragua (Hurricane Mitch) 


	8,000 - 10,000 deaths: September 1974 - Honduras (Hurricane Fifi) 


	8,000 deaths: September, 1930 - Santo Domingo 


	8,000 deaths: September - October, 1963 - Haiti (Hurricane Flora) 


	4,000 deaths: September, 1775 - South of Newfoundland 


	3,370 deaths: September, 1928 - Lake Okeechobee, P.R., Guadaloupe 


	3,369 deaths: August, 1899 - Puerto Rico 


	3,000 deaths: June, 1934 - El Salvador, Honduras 





The 30 costliest tropical cyclones to strike the U.S. mainland, with addendum for Hawaii, Puerto Rico, and the US Virgin Islands. Damages are listed in US dollars and are not adjusted for inflation. � HYPERLINK "http://www.nhc.noaa.gov/pastcost.shtml" ��http://www.nhc.noaa.gov/pastcost.shtml��
�
Rank�
Hurricane�
Year�
Category�
Damage�
�
�
�
�
�
�
�
1�
Andrew (SE FL, SE LA)�
1992�
5a�
26,500,000,000�
�
2�
Hugo (SC)�
1989�
4�
7,000,000,000�
�
3�
Floyd (Mid Atlantic & NE U.S.)�
1999�
2�
4,500,000,000�
�
4�
Fran (NC)�
1996�
3�
3,200,000,000�
�
5�
Opal (NW FL, AL)�
1995�
3�
3,000,000,000�
�
6�
Georges (FL Keys, MS, AL)�
1998�
2�
2,310,000,000�
�
7�
Frederic (AL, MS)�
1979�
3�
2,300,000,000�
�
8�
Agnes (FL, NE U.S.)�
1972�
1�
2,100,000,000�
�
9�
Alicia (N TX)�
1983�
3�
2,000,000,000�
�
10�
Bob (NC, NE U.S.)�
1991�
2�
1,500,000,000�
�
11�
Juan (LA)�
1985�
1�
1,500,000,000�
�
12�
Camille (MS, SE LA, VA)�
1969�
5�
1,420,700,000�
�
13�
Betsy (SE FL, SE LA)�
1965�
3�
1,420,500,000�
�
14�
Elena (MS, AL, NW FL)�
1985�
3�
1,250,000,000�
�
15�
Gloria (Eastern US)�
1985�
3b�
900,000,000�
�
16�
Diane (NE U.S.)�
1955�
1�
831,700,000�
�
17�
Bonnie (NC, VA)�
1998�
2�
720,000,000�
�
18�
Erin (NW FL)�
1995�
2�
700,000,000�
�
19�
Allison (N TX)�
1989�
TSc�
500,000,000�
�
19�
Alberto (NW FL, GA, AL)�
1994�
TSc�
500,000,000�
�
19�
Frances (TX)�
1998�
TSc�
500,000,000�
�
22�
Eloise (NW FL)�
1975�
3�
490,000,000�
�
23�
Carol (NE U.S.)�
1954�
3b�
461,000,000�
�
24�
Celia (S TX)�
1970�
3�
453,000,000�
�
25�
Carla (N & Central TX)�
1961�
4�
408,000,000�
�
26�
Claudette (N TX)�
1979�
TSc�
400,000,000�
�
26�
Gordon (S & Central FL, NC)�
1994�
TSc�
400,000,000�
�
28�
Donna (FL, Eastern U.S.)�
1960�
4�
387,000,000�
�
29�
David (FL, Eastern U.S.)�
1979�
2�
320,000,000�
�
30�
Unnamed (New England)�
1938�
3b�
306,000,000�
�












Handout 7.3:  Coastal Erosion Statistics (� HYPERLINK "http://www.heinzcenter.org" ��www.heinzcenter.org�) 
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Handout 7.4:  Flood Disaster Statistics


http://www.nws.noaa.gov/oh/hic/flood_stats/Flood_loss_time_series.htm  





Year�
Unadjusted�Damages�(K) �
CCI�Index�
Adjustment�Factor�
Adjusted�Damages�(Billion) �
�
1903�
$53,116�
95�
64.6�
$3.430�
�
1904�
$6,545�
95�
64.6�
$0.423�
�
1905�
$11,000�
95�
64.6�
$0.710�
�
1906�
$400�
95�
64.6�
$0.026�
�
1907�
$15,576�
101�
60.7�
$0.946�
�
1908�
$10,250�
97�
63.2�
$0.648�
�
1909�
$49,134�
91�
67.4�
$3.312�
�
1910�
$21,239�
96�
63.9�
$1.357�
�
1911�
$7,772�
93�
66.0�
$0.513�
�
1912�
$77,586�
91�
67.4�
$5.230�
�
1913�
$171,387�
100�
61.3�
$10.513�
�
1914�
$17,951�
89�
68.9�
$1.237�
�
1915�
$14,131�
93�
66.0�
$0.932�
�
1916�
$26,124�
130�
47.2�
$1.233�
�
1917�
$27,330�
161�
38.1�
$1.041�
�
1918�
$7,867�
189�
32.5�
$0.255�
�
1919�
$3,164�
198�
31.0�
$0.098�
�
1920�
$24,771�
251�
24.4�
$0.605�
�
1921�
$28,647�
202�
30.4�
$0.870�
�
1922�
$52,060�
174�
35.2�
$1.835�
�
1923�
$52,905�
214�
28.7�
$1.516�
�
1924�
$16,979�
215�
28.3�
$0.484�
�
1925�
$9,923�
207�
29.6�
$0.294�
�
1926�
$23,468�
208�
29.5�
$0.692�
�
1927�
$347,656�
206�
29.8�
$10.352�
�
1928�
$44,611�
207�
29.6�
$1.322�
�
1929�
$68,098�
207�
29.6�
$2.018�
�
1930�
$15,850�
203�
30.2�
$0.479�
�
1931�
$2,808�
181�
33.9�
$0.095�
�
1932�
$10,295�
157�
39.1�
$0.402�
�
1933�
$36,679�
170�
36.1�
$1.323�
�
1934�
$10,362�
198�
31.0�
$0.321�
�
1935�
$127,127�
196�
31.3�
$3.979�
�
1936�
$282,549�
206�
29.8�
$8.413�
�
1937�
$440,730�
235�
26.1�
$11.504�
�
1938�
$101,098�
236�
26.0�
$2.628�
�
1939�
$13,834�
236�
26.0�
$0.360�
�
1940�
$40,467�
242�
25.4�
$1.026�
�
1941�
$39,524�
258�
23.8�
$0.940�
�
1942�
$98,507�
276�
22.2�
$2.189�
�
1943�
$199,732�
290�
21.2�
$4.225�
�
1944�
$101,079�
299�
20.5�
$2.074�
�
1945�
$165,796�
308�
19.9�
$3.302�
�
1946�
$70,813�
246�
24.9�
$1.766�
�
1947�
$272,328�
413�
14.8�
$4.045�
�
1948�
$229,959�
461�
13.3�
$3.060�
�
1949�
$93,931�
477�
12.9�
$1.208�
�
1950�
$176,050�
510�
12.0�
$2.117�
�
1951�
$1,028,741�
549�
11.2�
$11.494�
�
1952�
$254,064�
569�
10.8�
$2.739�
�
1953�
$122,204�
600�
10.2�
$1.249�
�
1954�
$106,842�
626�
9.80�
$1.047�
�
1955�
$995,491�
660�
9.29�
$9.252�
�
1956�
$64,688�
692�
8.86�
$0.573�
�
1957�
$360,303�
724�
8.47�
$3.053�
�
1958�
$218,255�
759�
8.08�
$1.764�
�
1959�
$141,255�
797�
7.70�
$1.087�
�
1960�
$92,976�
824�
7.44�
$0.692�
�
1961�
$154,033�
847�
7.24�
$1.116�
�
1962�
$75,237�
872�
7.03�
$0.529�
�
1963�
$177,946�
901�
6.81�
$1.211�
�
1964�
$651,642�
936�
6.55�
$4.270�
�
1965�
$788,046�
971�
6.32�
$4.978�
�
1966�
$117,004�
1019�
6.02�
$0.704�
�
1967�
$375,218�
1074�
5.71�
$2.143�
�
1968�
$339,399�
1155�
5.31�
$1.802�
�
1969�
$902,654�
1269�
4.83�
$4.363�
�
1970�
$225,453�
1381�
4.44�
$1.001�
�
1971�
$287,525�
1581�
3.88�
$1.116�
�
1972�
$4,465,135�
1753�
3.50�
$15.624�
�
1973�
$1,894,493�
1895�
3.24�
$6.132�
�
1974�
$576,203�
2020�
3.04�
$1.750�
�
1975�
$1,373,269�
2212�
2.77�
$3.808�
�
1976�
$3,000,000�
2401�
2.55�
$7.664�
�
1977�
$1,300,000�
2576�
2.38�
$3.096�
�
1978�
$700,000�
2776�
2.21�
$1.547�
�
1979�
$3,500,000�
3003�
2.04�
$7.149�
�
1980�
$1,500,000�
3237�
1.89�
$2.842�
�
1981�
$1,000,000�
3535�
1.74�
$1.735�
�
1982�
$2,500,000�
3825�
1.60�
$4.009�
�
1983�
$4,000,000�
4066�
1.51�
$6.034�
�
1984�
$3,750,000�
4146�
1.48�
$5.548�
�
1985�
$500,000�
4195�
1.46�
$0.731�
�
1986�
$6,000,000�
4295�
1.43�
$8.569�
�
1987�
$1,444,199�
4406�
1.39�
$2.011�
�
1988�
$225,298�
4519�
1.36�
$0.306�
�
1989�
$1,080,814�
4615�
1.33�
$1.437�
�
1990�
$1,636,431�
4732�
1.30�
$2.121�
�
1991�
$1,698,781�
4835�
1.27�
$2.155�
�
1992�
$762,762�
5004�
1.23�
$0.935�
�
1993�
$16,370,010�
5162�
1.19�
$19.452�
�
1994�
$1,120,309�
5320�
1.15�
$1.292�
�
1995�
$5,110,829�
5471�
1.12�
$5.730�
�
1996�
$6,121,884�
5596�
1.10�
$6.710�
�
1997�
$8,730,407�
5847�
1.05�
$9.159�
�
1998�
$2,496,960�
5944�
1.03�
$2.577�
�
1999�
$5,455,263�
6134�
1.00�
$5.455�
�




























































Appendix B:  Course Developer References





� HYPERLINK "http://australiasevereweather.com/techniques/moreadv/funnels.htm#3" ��http://australiasevereweather.com/techniques/moreadv/funnels.htm#3�


� HYPERLINK "http://www.ns.ec.gc.ca/weather/hurricane/hurricanes8.html#deadliest" ��http://www.ns.ec.gc.ca/weather/hurricane/hurricanes8.html#deadliest�


� HYPERLINK "http://www.nationalgeographic.com/ngm/9807/resources.html" ��http://www.nationalgeographic.com/ngm/9807/resources.html�


� HYPERLINK "http://www.nhc.noaa.gov/pastcost.shtml" ��http://www.nhc.noaa.gov/pastcost.shtml�


� HYPERLINK "http://www.heinzcenter.org" ��www.heinzcenter.org�


� HYPERLINK "http://www.nps.gov/caha/lrp.htm" ��http://www.nps.gov/caha/lrp.htm�


� HYPERLINK "http://www.savethelight.org/" ��http://www.savethelight.org/�


� HYPERLINK "http://www.geophys.washington.edu/tsunami/general/historic/chilean60.html" ��http://www.geophys.washington.edu/tsunami/general/historic/chilean60.html�


� HYPERLINK "http://www.nationalgeographic.com/ngkids/9610/kwave/index.html" ��http://www.nationalgeographic.com/ngkids/9610/kwave/index.html�


� HYPERLINK "http://www.fema.gov/hazards/tsunamis/tsunami.shtm" ��http://www.fema.gov/hazards/tsunamis/tsunami.shtm�


� HYPERLINK "http://www.nws.noaa.gov/oh/hic/flood_stats/recent_individual_deaths.html" ��http://www.nws.noaa.gov/oh/hic/flood_stats/recent_individual_deaths.html�


http://www.nws.noaa.gov/oh/hic/flood_stats/Flood_loss_time_series.htm





Appendix C:  Power Point Graphics Citations


Part II:  Session 7





PowerPoint 7.0:  Lecture Outline 


(Courtesy: http://www.nasa.gov/)





PowerPoint 7.1 Other Coastal Hazards: Nor’easter


(Courtesy: NOAA)


(Courtesy: www.mcwar.org)





PowerPoint 7.2 Other Coastal Hazards:  Hurricane and Nor’easter related


(Courtesy:  NOAA Photo Library)


(Courtesy:  NOAA)


(Courtesy:http://www.weatherstock.com/)





PowerPoint 7.3 Other Coastal Hazards: Rip Current


(Courtesy: NOAA)





PowerPoint 7.4 Impacts: Natural Environment


(Courtesy: John Bruno)





PowerPoint 7.5 Impacts:  Human Environment


(Courtesy: John Bruno)





PowerPoint 7.6 Hurricane Disasters


(Courtesy:  NOAA Photo Library)


(Courtesy: FEMA)





PowerPoint 7.7 Coastal Erosion Disasters


(Courtesy: NASA)


(Courtesy: USGS)





PowerPoint 7.8 Tsunami Disasters


(Courtesy: The Honolulu Advertiser )





PowerPoint 7.9  Flooding Disasters


(Courtesy: Washingtonpost.com)


(Courtesy: NOAA)
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[image: image5.png]BOX S.2 Summary of Key Study Findings

Within the first few hundred feet bordering the Nation’s coasts, property owners face as large a
risk of damage from erosion as they do from flooding. Information about the magnitude of this
risk, which varies widely, is generally not available.

Roughly 1,500 homes and the land on which they are built will be lost to erosion each year, on
average, for the next several decades. Costs to coastal property owners will average $530 million
per year. Additional beach nourishment or structural protection might lead to lower losses;
additional development in the most erosion prone areas will lead to higher losses.

At current enrollment levels, the National Flood Insurance Program will pay $80 million per year
for erosion-related damage, about 5 percent of today’s premiums. Total losses will rise with
hoped-for enrollment increases.

Today’s property values within the areas most susceptible to coastal erosion have been lowered by
a total of $3.3 billion to $4.8 billion nationwide as a result of erosion, a loss of about 10 percent.

Most of the damage from erosion over the next 60 years will occur in low-lying areas also subject
to the highest risk of flooding. Some additional damage will also occur along eroding coastal
bluffs.

Although certain types of erosion damage are not eligible under National Flood Insurance Program
rules, most erosion-related losses sustained by policyholders is reimbursed by the program.
However, erosion damage is not fully reflected in flood insurance rates; current rates are primarily
based on flood risk alone. Thus erosion losses will be subsidized by policyholders in non-eroding
areas or by general taxpayers.

To fully reflect risk, insurance rates in the highest risk coastal areas must be, on average, twice
today’s rates. Rate increases could be spread uniformly across the highest risk coastal areas or
varied according to the risk of erosion-related damage. The rate increases needed to cover
expected erosion losses can be designed to be acceptable to a majority of current policyholders,
based on results of a mail survey.

The cost of identifying, mapping, disseminating, and maintaining information on the erosion
hazard nationwide is about $5 million per year. For comparison, if all currently empty lots in areas
most susceptible to erosion are built on, damage from erosion would rise by roughly $100 million
per year for the value of the structures alone. The cost effectiveness of mapping depends on how
much the maps reduce development (and rebuilding) within eroding areas, but the investment is
likely to be worthwhile.

Development density in several of the high-risk coastal areas studied by The Heinz Center
increased by more than 60 percent over the last 20 years. Roughly 15 percent of this increase
appears attributable to the influence of the National Flood Insurance Program. However, the
building standards and floodplain management requirements that are part of the program have
reduced flood and erosion damage per structure by roughly 35 percent. Thus, for development
after 1980, the program has lowered damage by about 25 percent below the level that would have
occurred without the program.




