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Science and Society
Student Activity:  Building a Coastal Home

TEACHER BACKROUND:

Living with hurricanes is a fact of life for the billions of people who reside along the coast. Indeed, some of the world’s most deadly natural disasters have been tropical weather events including the Great Bhola Cyclone of 1970, which struck Bangledesh and killed as many as 500,000 people (primarily as a result of storm surge), and Cyclone Nargis, which made landfall in Myanmar in 2008, causing catastrophic destruction and at least 138,000 fatalities. In the U.S., the most deadly hurricane was the Galveston Hurricane of 1900 that killed more than 6,000 people.

Since tropical cyclones have ranked among the deadliest disasters of all time, much scientific research is being conducted regarding these tropical weather events. Scientific advances in understanding the behavior of hurricanes have dramatically improved the ability to prepare for hurricanes and protect homes and businesses when they do strike. Yet, despite this progress, millions of people still fail to adequately protect their homes against hurricanes, putting themselves and their family at serious risk. Social scientists and policy makers are now looking at using classroom education more aggressively to teach the importance of hurricane preparedness and mitigation.

What Can A Hurricane Do To a Home?

When the force of a hurricane bears down on residential structures, homes can be ripped apart by the storm's powerful winds. Storm surge and inland flooding can also cause catastrophic damage. Overland surge and flooding may cause a building or other structure to collapse due to the hydrodynamic forces caused by the moving water, particularly when waves are present. When waves propagate and strike a building or other structure, the oscillatory currents produced can generate very strong wave loads, which are often sufficient to destroy the wall and/or foundation of a building/structure. Water weighs approximately 1,700 pounds per cubic yard, and extended pounding by frequent waves can demolish any structure not specifically designed to withstand such forces. In the absence of currents and waves, flooding is usually insufficient to cause a building to collapse, unless the flood level is greater than a couple of meters.

With proper design and construction, hurricane wind and flood damage to residential structures can be greatly reduced or eliminated. The scientific study of hurricane impacts on buildings and the environment has seen major advances over the years. From small-scale wind tunnel laboratories to experimental external wind devices, materials and structures have been tested and modified for better performance. In order to create full-scale realistic hurricane conditions, newer facilities have been designed and created to simulate the varying nature of the wind field, along with rains and debris, during these powerful events. High-tech facilities, such as the RenaissanceRe Wall of Wind (opened in 2007) and the more recent Institute for Business and Home Safety facility (opening soon in 2010), were designed to test full-scale residential structures and materials in a repeatable, scientifically controlled environment.

Scientists and engineers better understand how buildings fail under the force of hurricane force winds and this knowledge has enabled policy makers to develop modern building codes that lead to the construction of stronger buildings that can withstand hurricane force winds. Building codes also address flooding threats in several ways, including requiring buildings to be built above projected flood levels or requiring lower level components of buildings to break away in a flood. Currently, there is no building code for protection against flooding damage, although the American Society of 

Civil Engineers does have a publication that provides some empirical formulas for calculating wave loads on buildings/structures. Another ASCE publication provides 

guidelines for flood resistant design and construction. For further discussion on building codes please see Mitigation and Preparation to Response and Recovery (http://www.hurricanescience.org/society/risk).

Hurricane Impacts Due to Storm Surge, Wave, and Coastal Flooding

The coastal flooding triggered by hurricanes is as destructive as wind but can be even more deadly, and is by far the greatest threat to life and property along the coastline. Storm surge, wave, and tides are the greatest contributors to coastal flooding, while precipitation and river flow also contribute during some storms. Hurricane Katrina (2005) is a prime example of the damage and devastation that can be caused by surge: at least 1600 fatalities stemmed from Katrina and many of those deaths occurred directly, or indirectly, as a result of storm surge.

Storm surge is the bulge of water that washes onto shore during a storm, measured as the difference between the height of the storm tide and the predicted astronomical tide. It is driven by wind and the inverse barometric effect of low atmospheric pressure, and is influenced by waves, tides, and uneven bathymetric and topographic surfaces. 

Storm surge and coastal flooding depend on a number of factors. These factors include the intensity of a storm, its size, translational speed, angle of approach to the coast, landfall location, and the bottom slope at that location. It is well accepted that the most influential factor in storm surge generation is the central pressure deficit, which controls the intensity of a hurricane, i.e., wind velocity and stress over the ocean surface and inverse barometric effects. The influence of the other factors, such as the storm size (measured by the radius from the center of a hurricane to the location of maximum wind speed), the translational speed, and the angle of approach, became apparent after Hurricane Katrina's catastrophic storm surge in 2005 (Hurricane Katrina was a Category 
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3 storm). Lower atmospheric pressure (faster wind speeds) and larger storms create a 

greater storm surge potential. Slower and larger but weaker hurricanes (e.g., Category 3 storms such as Katrina) cause much higher storm surge and flooding (even to inland areas) when compared to faster and small but more intense hurricanes (e.g., Hurricane Charley in 2004). Storms that make a perpendicular approach toward the coastline will also cause a greater storm surge, whereas those that travel parallel to the coastline will have a reduced storm surge.

Storm surge and coastal flooding have both vertical and horizontal dimensions. Storm surge can reach heights of more than 12 m (40 ft) near the center of a Category 5 hurricane, and fan out across several hundred miles of coastline, gradually diminishing away from the hurricane’s center. Coastal flooding can reach far inland, tens of miles from the shoreline. While the peak surge often occurs at the landfall of a storm along an open coastline, large surge has been found to occur hours before hurricane landfall as a “fore-runner” (e.g., during Hurricane Ike along the Texas coast in 2008) and/or after hurricane landfall as a “post-runner” (e.g, during Hurricane Wilma along SW Florida coast in 2005). These “fore-runner” and “post-runner” surges can actually cause unexpected coastal flooding, damage property, and endanger lives.

Local topographic features such as buildings, levees, wetlands, sand dunes, and barrier islands reduce storm surge, wave forces, and coastal flooding. At the same time, these topographic features may be reshaped or even removed during a severe storm. Storm surge, wave, and coastal flooding are also complicated by the presence of estuaries. For example, a long and narrow estuary can significantly increase the storm surge due to a “funneling” effect. Storm surge can travel from the mouth to the head of an estuary, causing a delayed peak surge in that location when winds have already subsided. Diverse geographic variations in local bathymetry and topography result in very different responses of coastal regions to hurricanes. Hence, it is difficult to assign a uniform storm surge value for a hurricane of any given intensity. Due to this, the Saffir-Simpson Wind Scale no longer associates storm surge value to hurricane of any category.

Recognizing and Comprehending your Flood Risk

Storm surge and inundation can have catastrophic results on the coastal zone. To relay the danger of this threat two main products are currently used: Maximum of Maximum (MOM) maps and Flood Insurance Rate Maps (FIRMs), which are provided for all coastal domains/basins by the National Hurricane Center (NHC) and the U.S. Federal Emergency Management Agency (FEMA), respectively. Coastal communities and emergency managers use MOMs and FIRMs for planning, preparation, response, and mitigation of coastal flooding caused by hurricanes.

MOM maps are a composite of a large number of NHC SLOSH (Sea, Lake, and Overland Surges by Hurricanes) model runs. Currently the NHC creates MOMs by 
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storm category (e.g. Category 1 Hurricane, Category 2 Hurricane, etc.). For a given storm category about 2,000 to 4,000 simulations are run for each coastal area. A Maximum Envelope of Water (MEOW), which represents the composite maximum inundation level at each model grid cell, is produced by running the SLOSH model for a family of hurricanes (typically 200-400) with the same intensity in the Saffir-Simpson Hurricane Wind Scale, size, direction, and speed. A MOM map is the composite of the individual MEOWs and depicts the worst-case flooding scenario for that area caused by hurricanes of a particular category in the Saffir-Simpson Hurricane Wind Scale. 

To identify a community’s flood risk, FEMA conducts a Flood Insurance Study (FIS) every few years. The study includes statistical data for river flow, storm tides, hydrologic/hydraulic analyses, hurricane storm surge modeling, and rainfall and topographic surveys. FEMA uses this data to create Flood Insurance Maps (FIRMs), which show floodplain boundaries that indicate different flooding probabilities. FIRMs are based on the results of hundreds of model runs using storm surge model and an ensemble of storms, which are determined using the Joint Probability Method (JPM). The JPM makes use of available historical hurricane data (including intensity, size, direction, forward speed, and landfall point for the coastal region) and then determines an ensemble of hypothetical storms that represent the statistics of the historical storms. These hypothetical storms are then used by a storm surge model to calculate the coastal inundation that is likely to take place with a 1% chance of annual occurrence. When a very large number of hurricanes are used for model runs, the ensemble of hurricanes becomes similar to that used by the SLOSH runs that the NHC uses to produce a MOM map (as discussed above). Since the JPM considers the probability of occurrence of each of the observed hurricane characteristics, each of the storms in the ensemble is assigned a probability of occurrence, and results of the storm surge runs are used to define a distribution of Base Flood Elevations (BFEs). This BFE distribution is then used by FEMA’s National Flood Insurance Program (NFIP) to define flood zones and create FIRMs. For a tutorial on how to read a FIRM map, visit http://www.fema.gov/plan/prevent/fhm/ot_firmr.shtm
FEMA has published almost 100,000 individual FIRMs to enable individuals to make informed decisions about protecting property, both financially and structurally. FEMA is also working on a regular basis to update flood maps to provide homeowners with the most reliable information available about flood risk. Although paper FIRMs may be obtained free from FEMA, the agency has recently developed the Digital Flood Insurance Rate Maps (DFIRM) database designed for use with digital mapping and analysis software. DFIRM Databases have been completed for a number of communities and counties.

One can also easily determine the risk of flooding at their home or place of business by using the One-Step Flood Risk Profile Tool located at www.FloodSmart.gov, the official website of the National Flood Insurance Program. To learn more about a home’s vulnerability to hurricanes or other threats based on its location, contact your state’s emergency management agency.
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Although there are a number of products available to relay the threat of coastal flooding from hurricanes, all are based on current (and past) climate and sea level conditions. It is important to understand that these maps have not yet had current sea level rise information integrated. Future effects of climate change on hurricane intensity/frequency and sea level rise should be included in future coastal inundation maps for more effective planning, response, preparation, and mitigation of inundation hazard. In addition, a real-time coastal inundation forecasting system can be developed to provide timely inundation forecasts to enable more effective planning and response.

As part of the examination of post- Hurricane Katrina hazards, the United States Army Corps of Engineers (USACE) recently published maps showing the depth of inundation for different flood scenarios in the New Orleans, LA, area. Because these maps were developed incorporating the probability of a flood event, the probability that the flood protection system will perform as designed, the probabilities of overtopping or failure of the structures, and the consequence of the flood event (inundation), these products are true risk maps rather than hazard maps.

Flood insurance rate zones (A- and V-zones) are a primary way to communicate flood hazard because areas known or suspected to be subject to flood damage have higher insurance premiums. Flood insurance is generally required for any home that is within a 100-year flood zone. 

Current and Emerging Technologies of Hurricane Protection

The science of hurricane protection has evolved significantly over the past decade, fueled by an intensely destructive period of hurricane activity. The decade of 1996 to 2005 was the one of the most destructive decades in the last century with total hurricane damage of $198 billion.

Another factor driving the advancement of hurricane protection technologies was the 2000 International Residential and Commercial Building Codes, which for the first time required the use of impact-resistant windows, doors and other components for homes built in hurricane-prone areas. Subsequent editions of the International Building Codes are adopted every 3 years.

A key focus of the modern building code is the exterior of the building, also known as the building envelope. New homes built in Florida within an area where 120 mph winds or greater are expected must have exterior impact protection. Examples of impact 

protection include impact-resistant windows, hurricane shutters and reinforced doors.

Other code changes for 120 mph wind zones include mandatory roof straps that connect the roof of a home through cables all the way to a basement or concrete slab. The building code community is now looking more closely at energy codes and how they interact with building codes to ensure that homes built in the future can provide energy efficiency and impact protection at the same time.
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Throughout the United States, the prevailing building codes come from the International Code Council (ICC). The ICC was established in 1994 as a non-profit organization designed to consolidate regional codes in the U.S. into a single international code to help ensure uniform building safety around the world. Fifty states and the District of Columbia have adopted the I-Codes at the state or jurisdictional level. Federal agencies including the Architect of the Capitol, General Services Administration, National Park Service, Department of State, U.S. Forest Service, and the Veterans Administration also enforce the I-Codes. The Department of Defense references the I-Codes for constructing military facilities, including those that house U.S. troops, domestically and abroad. Puerto Rico and the U.S. Virgin Islands enforce one or more of the I-Codes. Florida is considered a leader in building code requirements, and therefore, it is prominently referenced in this section.

While the development of the modern building code has progressed, millions of homes and commercial buildings in the U.S. were built before the adoption of modern building codes, placing them at great risk for hurricane damage. Technologies exist today to 

allow older buildings to be retrofitted to become more hurricane resistant. These 

technologies include reinforcing gabled roofs, creating secondary water barriers in roofs, and installing hurricane straps and clips to ensure a roof stays in place despite high winds.

Major government programs have been launched in recent years to promote widespread retrofits to protect existing homes against hurricanes. Through the My Safe Florida Home program, tens of thousands of Floridians received free home wind inspections to determine what steps could be taken to strengthen homes against hurricanes and earn insurance premium discounts. A similar program was launched in South Carolina and other hurricane prone states are now considering similar initiatives. Key retrofits supported by the My Safe Florida Home program include:

    Improving the strength of a roof deck attachment.

    Creating a secondary water barrier to prevent water intrusion.

    Improving the survivability of a roof covering.

    Bracing gable-end walls.

    Reinforcing roof-to-wall connections.

    Enhancing window and door protection

In addition to the My Safe Florida Home program, the State of Florida has published a Hurricane Retrofit Guide. Homeowners and contractors interested in learning about building or retrofitting a hurricane-resistant home that exceeds current minimum building code requirements can consult the Federal Alliance for Safe Homes (FLASH)’s Blueprint for Safety Program™ or the Institute for Business and Home Safety’s (IBHS) Fortified for Safer Living Program™.
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TEACHER STRATEGIES:

Pose the central guiding question to the students and allow time for them to record their own answers. Divide students into groups of 2 or 3 to share their answers. 

Suggested Websites: 

http://www.hurricanescience.org
http://flash.org 

http://ibhs.org
http://fema.org
http://www.mysafefloridahome.org
Objectives - Students will be able to: 

 investigate coastal flood zones 

 discuss hazards of building in coastal areas

 research building codes and zoning laws in a coastal area

 determine best construction materials/design for a coastal home

 present their findings to the class with a visual project (presentation, model, etc)

Time Required: Three 45-minute class period

Grade Span: 9-12

Assessment Strategies: Rubric attached

STANDARDS ADDRESSED:

National Science Education Standards:  (1996, National Academy of Sciences)

Earth Science, 9-12

D.  Energy in the Earth System,

· Heating of Earth’s surface and atmosphere by the sun drives convection in the atmosphere and oceans, producing winds and ocean currents

E.  Science and Technology

· Understandings about science and technology

· Abilities of technical design

F.  Science in Personal and Social Perspective

· Natural and Human Induced Hazards

· Science and technology in local, national and global challenges
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Earth Science Literacy Principles:  
1.  Earth scientists use repeatable observations and testable ideas to understand and explain our planet. 


1.1 Earth scientists find solutions to society’s needs.


1.5 Earth scientists use their understanding of the past to forecast Earth’s future


1.7 Technological advances, breakthroughs in interpretation, and new observations continuously refine our understanding of Earth

3.  Earth is a complex system of interacting rock, water, air and life


3.2 All Earth processes are the result of energy flowing and mass cycling within and between Earth’s systems.


3.8 Earth’s climate is an example of how complex interactions among systems can result in relatively sudden and significant changes.

5.  Earth is the water planet.


5.3 Water’s unique combination of physical and chemical preoperties are essential to the dynamics of all Earth’s systems.


5.6Water shapes landscapes

8. Natural hazards pose risks to humans.


8.1 Natural hazards result from natural Earth processes.


8.2 Natural hazards shape the history of human societies


8.4 Hazardous events can be sudden or gradual.


8.5 Natural hazards can be local or global in origin.


8.6 Earth scientists are continually improving estimates of when and where natural hazards occur


8.7 Humans cannot eliminate natural hazards, but can engage in activities that reduce their impact


8.8 An Earth science literate public is essential fro reducing risks from natural hazards.

Ocean Literacy Standards:
1. The Earth has one big ocean with many features. 1c, 1d

2. The ocean and life in the ocean shape the features of the Earth. 2c

3. The ocean is a major influence on weather and climate. 3a, 3b, 3f

6.  The ocean and humans are inextricably interconnected.  6a, 6e, 6f
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7.  The ocean is largely unexplored. 7f




























This activity was developed by Megan O’Neill and David Wehunt during the Hurricanes: Science and Society Teacher Institute held at the University of Rhode Island, Graduate School of Oceanography, 2010, and the staff of the University of Rhode Island Office of Marine Programs. 
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