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Live show about to begin – use your institution’s introduction to live program image




































































	~ Use laser pointer to trace the lines of latitude that form the tropics.





~rotate the sphere so that N. America comes into view.


	~ Use laser pointer to trace the lines of Southern and Eastern coasts of the United States














	~Expect that your audience (for the contiguous US) to be most familiar with the term hurricane





Blue Marble without clouds and pip of Hurricane Katrina 














	~Use familiar experience with hurricane to show where/how they form and how they originate.

















Blue Marble without clouds


~rotate the sphere so that Africa comes into view.
























































	~ rotate image to focus on  the Atlantic and Africa








	~ Use laser pointer to highlight the Sahara Desert.





























	~ Use laser pointer to highlight the Gulf of Guinea.


























	~ Elaborate if needed on what an air mass is 








… Add humor by saying they don’t get along or don’t like each other 














Blue Marble with clouds and tilt


 

















	





~ Add in demo clockwise/ counterclockwise here if there is time.


	~ Use laser pointer to demonstrate counterclockwise rotation and storms motion from the boundary in Africa  toward the west into the Atlantic.





Gray Scale Satellite IR -AMNH  IR dataset w/ green outline around storm (03 _No_Audio)


	


	~Elaborate on infrared if needed for program or younger audience






































	~Storms are well organized and efficient


	





	~ Use laser pointer to demonstrate east to west movement of storms.























NASA Global Sea Surface Temperature Model











	~For younger audience ask them how hot it has to be outside for them to sweat or feel hot (to relay the idea of 80 degrees)






































~ Use laser pointer to highlight these colors














	~ Use laser pointer to highlight these features

















	~ Use laser pointer to point out and trace the warming water


	~If it is for a younger school program add in season demon w/ Earth globe and flashlight (or day/earth terminator image from SOS dataset catalog)




















	
































Hurricane Season 2005: Water Vapor with SST 


	~ Change the rotation as needed or have people walk to the appropriate location to view the Atlantic and United States








	~ Use laser pointer to highlight these colors























	~ Use laser pointer to point out the tropics and some example storms.














	~ Use laser pointer to point out the mid-latitude region.











	~ Use laser pointer to point out and trace the movement of the westerlies from West to East.







































































	~ Can add that names are assigned in alphabetical order according to when the storm occurs (chronologically) 


	Names were pre-chosen by a committee and are reused unless a storm was very devastating (then they never use that name again).







































































Hurricane Season – Katrina only and slower fps: Water Vapor with SST 


Then image with pip (map of Louisiana and then mpeg of flooding of New Orleans)


Facts:


Strengthened to Cat 5 in 12 hrs


Katrina – 230 miles on North side (distance from Baltimore to Pittsburgh)


Weakened to Cat 3 in 18hrs


15 ft of storm surge, winds around 120 mph when it made landfall


	~ Point out the Gulf of Mexico with the laser pointer














	~ pause when Katrina is over the gulf before it hits New Orleans.


























	~ Use pip of Louisiana. Point out all features with laser pointer.























	~ Use pip (mpeg) of NO flood. Point out all features with laser pointer.

















~ Trace counterclockwise motion to show surge coming into Lake Ponchartrain.

















Hurricane Season 2005: Water Vapor with SST with pips of damage from various storms


	~shows wind damage, flooding, & storm surge


	~point out and describe images if there is time 
























































Hurricane tracks without scale


	~reference the scale if there is time or if further explanation is needed at the end of the presentation with the Hurricane tracks with scale dataset at the end of the playlist





	~Trace a few lines with the laser pointer	























	~ Rotate the image as needed to view the Atlantic and United States





	


	~ point out west of Mexico with laser pointer





	~ rotate image to focus on the Pacific and Eastern Asia.


	~ point out Western Pacific storm tracks with laser pointer


























	




















~ point out Indian Ocean storm tracks with laser pointer























	~ point out Southern Pacific storm tracks with laser pointer














AMNH Animation of TC names around the globe







































































Hurricane Tracks with scale at the end of the playlist for reference and questions about scale and intensity of tropical cyclones
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Introduction to SOS: This special projection system was given to the Maryland Science Center by NOAA (the National Oceanic and Atmospheric Administration). The screen is shaped like a sphere, which is an ideal way to present views of the Earth such as this one.  NOAA studies and observes the connection between the ocean, atmosphere, and land so that scientists and the public can learn more about their interconnectivity, or in other words, how one can affect the other.





Today, we are going to talk about one very special, powerful storm. The ocean, atmosphere, and land all play a part in this storm. It’s a storm that develops over warm, tropic ocean waters and operates very much like an engine, with warm ocean water providing the fuel to power the engine, or storm. 





These storms form in certain regions within the Tropics that span the globe near the equator.





The United States is very familiar with these types of storms. They often make landfall on coastal regions and bring with them large amounts of rain, damaging winds, and storm surge. Storm surge is when ocean water rises onto the shore due to high winds from a strong storm.





Pose the question: Does anyone know the name of this kind of powerful storm?


…. Pause for Audience responses ….


This storm is called a hurricane.


But this type of storm actually forms in many areas around the world. So, even though North Americans are most familiar with the term hurricane, meteorologists use the term tropical cyclones. Later, we will look at tropical cyclones around the world but for now we will focus on hurricanes.





Pose the question: Where do hurricanes form? 


 …. Slight Pause ….





For that answer, we must travel to the Atlantic Ocean off the coast of Northern Africa. 





Most hurricanes form in the Atlantic Ocean basin off the coast of northern Africa in the tropics over warm ocean waters. This warm ocean water will provide the fuel the storm needs to potentially develop into a hurricane. 





Hurricanes don’t just appear, do they?  Of course not. They must come from somewhere. In order for our hurricane engine to start, we need what meteorologists call an initial disturbance. Something to get the storm started. 





Ok. So you might be asking yourself, what is an initial disturbance? Let’s find out! Often, this disturbance starts in Northern Africa.





Pose the question: “What is the yellow and brown region spanning Northern Africa?”


…… Audience response…..


The Sahara desert. 





Pose the question: “Is the Sahara Desert region dry or wet?”


…… Audience response…..


Correct. Very hot, dry air is found in the Sahara.





Now look at the region below. That is the Gulf of Guinea. 


Pose the question: “Do you think the Gulf of Guinea is dry or wet?”


…… Audience response…..


The Gulf of Guinea is very moist and  also much cooler than the Sahara Desert. 





These regions represent two different  types of air masses. The Sahara Desert region is a very hot and dry air mass while the gulf is a moist and cool air mass. When these two air masses meet and interact, they do not get along and this can cause  thunderstorms to develop - what meteorologists call a tropical disturbance.





You can see cloud and thunderstorm development along the boundary where the desert and the gulf meet. 





Some of these thunderstorm clusters could become hurricanes. For these storms to intensify, they need fuel, or warm water – water above 80 degrees Fahrenheit – and the right atmospheric conditions as they move west into the tropical waters of the Atlantic. When storms have the right conditions they will strengthen and spin counterclockwise.














Let’s look at what some of these storms look like. This image is from an infrared satellite. This type of imagery does not take a picture of the Earth. The satellite reads the temperatures of the clouds. In other words, it is reading temperature not the amount of light.  The highest cloud tops will be bright white and lower clouds will be gray. Infrared satellite imagery is really useful to meteorologists because it gives them an aerial view of hurricanes no matter if it is day or night. It also allows them to see where hurricanes form and follow their path across the ocean. Sometimes they will even make landfall. 





We can see a lot with this image. First, we notice that the storms are very round and symmetrical. Also, in this image we notice that weather in the tropics is moving East to West around the entire globe. Prevailing  Easterly winds move weather East to West in the tropics. So the storm starts its life off the coast of Africa and is steered across the Atlantic towards North America by the tropical easterly winds. If it is steered over warm water in the tropics it may gain enough energy to strengthen into a hurricane.





Now, let’s talk about why hurricanes only happen during certain times of the year. It has to do with the availability of warm water.





Remember, hurricanes need water at the ocean’s surface of at least 80°F, to develop. 





The image seen here depicts the temperature of the ocean’s surface, just the top layer of the ocean. This image is a loop that runs through one year and then repeats. So it shows how our Ocean’s surface is heated by the Sun throughout the year.





The red and orange coloring indicates warmer ocean surface temperatures. The blue coloring seen at the North and South Pole indicates cold ocean surface temperatures and the yellow and green represent mid-range temperatures.





During this year, the water warms further North, then cools back towards the center of the globe, then warms further South, and again cools back towards the center. 





The image is showing Earth’s seasons! 





When the water warms to the North, it is summer for the Northern Hemisphere and winter for the Southern Hemisphere. When the water warms to the South, it is summer for the Southern Hemisphere and winter for the Northern Hemisphere. 





Because of the seasonal effects on our Earth’s ocean, a sufficient amount of warm water is not always present and hurricanes are unable to form.


When warm water, the fuel needed for tropical cyclone development, moves far enough northward, hurricane season begins. Hurricane season for the Atlantic Ocean basin and North America runs from June to late November although storms can develop as early as May and as late as December. The peak of hurricane season is normally in September.





Our next image will help show the connection between warm ocean surface temperatures and hurricane development. This image is from the 2005 hurricane season, which is the most active season on record to date.





As with the previous ocean surface temperature image, orange and red represent warmer ocean surface temperatures. The blue coloring seen at the North and South Pole indicates cold ocean surface temperatures and the yellow and green represent mid-range temperatures.





Above the ocean surface, you can see  storms developing in the tropical regions of the Mid-Atlantic where ocean surface temperatures are at least 80°F. Some will organize and strengthen as they move west. 





When they reach the mid-latitudes, the area slightly below Florida and up to Northern Canada, and move out of the tropics, they will curve to the right and move North toward the pole. In other words, they switch directions. This is because mid-latitude weather, like our weather in the US, is driven by the westerlies. 





The westerlies are strong, fast winds at upper levels of the atmosphere that move from west to east around the globe. They move in the opposite direction of the easterly winds in the tropics. Hurricanes are influenced first by the tropical easterlies and then by the westerlies which cause the storms to change direction.





Some hurricanes simply begin and end their life in the ocean while others will make landfall anywhere from Mexico to the Northeast coast of the United States.





When hurricanes track over land or too far north into colder ocean waters, they begin to die and lose their organization and symmetry.





Also, not every storm system will reach hurricane strength. Storm intensity is determined by wind speed. Some storms remain fairly weak. The weakest ones are called tropical depressions, with wind speeds of 23 to 39 miles per hour. Once the wind speed has reached 39 to 73 miles per hour, it is a tropical storm and is given a name like Ike or Rita. When the storm has sustained wind speeds of 74 miles per hour or above it is referred to as a hurricane. 





Hurricanes have their own categories for strength. The weakest is a Category One. The strongest is a Category 5. And a Category 3 hurricane is in the middle. No matter what strength, every storm can have devastating effects. 





Let’s look at an example. I want you to look closer at one particular hurricane that formed in late August of 2005 and made landfall near New Orleans.





Pose the question: “Does anyone know the name of this powerful, devastating hurricane?”


….. Audience response…..


Anticipated Response: Katrina.





Hurricane Katrina first made land fall in the United States over Florida. When it went over Florida it was only a weak, Category One hurricane. You can see on the image that it does not look very intense or well organized. Now, notice the above average ocean surface temperatures in the Gulf of Mexico.





Hurricane Katrina then moved into the Gulf and it quickly strengthened into a powerful Category 5 storm. Remember, Category 5 is the highest classification given to hurricanes. 





When Katrina made landfall for the second time over New Orleans it was a Category 3, which is still a major hurricane.  Notice the size of Hurricane Katrina. It almost completely covered the Southeast corner of the United States. Its immense size and the amount of rain and storm surge, which is water from the ocean moving on shore due to the hurricane’s strong winds, contributed to the devastating effects felt by New Orleans. 





Here is a map of Louisiana.  New Orleans is located on the coast of the Gulf of Mexico. North of New Orleans is Lake Ponchartrain. The red seen in this image indicates land below sea-level in Louisiana. So we see New Orleans is located on land that is below sea-level, or lower than the surface of the ocean. 





The next image we are going to look at shows the flooding of New Orleans from Katrina. The image is an animation that was made to show the amount of flooding that occurred in New Orleans during Katrina. 





Notice that Lake Ponchartrain, filled with excess water due to storm surge from the Gulf of Mexico, broke over the shores and levees of New Orleans and caused catastrophic flooding.  Remember, that hurricanes and wind associated with hurricanes rotate counter-clockwise. These winds pushed immense amounts of excess water into New Orleans. The storm also produced large amounts of rainfall which added to the flooding.





Many other areas of Louisiana, Mississippi, Alabama, and the Eastern United States experienced flooding and significant damage too, making Katrina one of the most deadly and costly natural disasters that the United States has ever experienced.





Pose the Question: “We know tropical storms and hurricanes can have devastating effects on North America, but are hurricanes unique to North America?”


 ….. Pause for Audience response…..


No, they are not. 





That is why meteorologists use the term tropical cyclone. 





Notice that tropical cyclones are seen around the globe.





You are looking at an image of tropical cyclone paths from 1950 to 2005 collected by meteorologists. Each dot on this image represents a different time during a storm’s life and connects to make a line. Each line shows the path of a tropical cyclone from its development to when it is broken apart. 





A combination of ships, airplanes, ocean buoys, ground observations, and satellites were used to gather and collect data about tropical cyclones throughout their lifecycle. Let’s look at some of the data they have collected.





Although there are a large number of tropical cyclones that develop in the Atlantic, tropical cyclones also develop in the Pacific and Indian Ocean basins. Tropical cyclones to the west of Mexico are still referred to as hurricanes. 





Now, turn your attention to the Western Pacific. Notice that more storms develop in the Western Pacific than in the Atlantic.





Pose the question: “Does anyone know what people commonly call tropical cyclones that develop in the Western Pacific and travel towards Asia?”


…. Audience response…… (anticipate tsunami as an answer)


Typhoons. 





These tropical cyclones are often called typhoons. 





Tropical cyclones also develop off the coasts of India. These are often simply called cyclones. You may have heard of the cyclone that hit Burma in 2008, or the cyclone that hit Bangladesh in 2009, and had many devastating effects for both areas.





Tropical cyclones don’t all form in the Northern Hemisphere. Southern Hemisphere tropical cyclones originate in the warm ocean waters of the Southern Pacific and Southern Indian Ocean basins. These too are called cyclones, although Australians often refer to these as “Willy Willy’s.”





No matter whether you call a tropical cyclone a hurricane, typhoon, or  simply a cyclone, they all work the same and are equally as dangerous.





Because of Hurricane Katrina and the many other tropical cyclones that have made landfall and caused so much devastation, scientists are working very hard to learn all they can these powerful storms. 





Scientists continue to use technology such as satellites to study tropical cyclones and gain vital information. Meteorologists even use super computers to model tropical cyclone development and movement. 





And as more and more people move to the coast every day, it is becoming even more vital to predict and forecast tropical cyclone development and where they might make landfall.





Hopefully, meteorologists’ forecasts will continue to become more accurate and they will be able to predict when and where tropical cyclones will make landfall in order to save lives.
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