Navigating the Hurricane Highway

Understanding Hurricanes With Google Earth
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Getting Started

Open Google Earth and follow the instructions in Figure 1 (on the next page) to maximize the performance and utility of Google Earth for this exercise.
Then download this file- http:www.stevekluge.com/geoscience/ges/Hurricane Highway.kmz - and open it in Google Earth.
The Hurricane Highway file will appear in the Temporary Places folder of the Places sidebar.  Right click on it, and select “Save to My Places”.  Once again, turn off all the content in My Places.  The 3D display should not contain anything but the default image of the earth in space.
Introduction

One way to do that is to examine the conditions influencing the formation, strengthening, and weakening of the storms, and paths they follow.  Recent advances in the collection and visualization of various oceanic and atmospheric data have made the study of tropical storms easier and more efficient.
In this lab, you’ll explore data and imagery collected by satellites, aircraft, and buoys, and displayed in Google Earth, to develop a basic understanding of the nature and behavior of these huge storms.

Part One - Hurricane Dean: a case study.
Hurricane Dean began as a tropical depression off the coast of Africa on August 13, 2007.  The next day, Dean had strengthened to a tropical storm, and on August 16, 2007 Dean became the first hurricane of the Atlantic Tropical Season of 2007.
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During the next 8 days, Dean traveled westward across the tropical Atlantic, entering the Caribbean Sea on August 17, passing just south of Jamaica on the 19th, and making landfall as a strong Category 5 hurricane on the Yucatan Peninsula on August 21.

Refer to Figure 2 to (1) expand and (2) display the contents of the Hurricane Dean folder in the Places sidebar.  Make sure that the remainder of the content in the places folder remains ‘turned off’.
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Questions marked with a “    “ require you to use the answers to previous questions to develop your understanding of how hurricanes work and behave, and are key to your understanding of hurricanes.
1. On the 3D display, use the ruler tool (click Tools > Ruler) to measure the entire length of the path of Dean, from Advisory 1 (at the eastern end of the storm track) to his end near Mexico, and report that distance here:

___4373____ miles

___3800____ nautical miles

___7038____ kilometers

2. On the 3D display click on every 3rd or 4th storm position, starting at Advisory 1.  Working your way westward to longitude 87W, describe how the “maximum sustained wind speed” changes over time.

Generally increases or at least holds steady
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Figure 1. Follow the instructions in red – in order - to maximize the performance and utility of Google Earth for this exercise.  The sidebar should look like the image on the left when you’re ready to begin the lesson.
3. Citing actual temperatures, describe how the sea surface temperature changes as you travel westward across the Atlantic on the 15th parallel of latitude.


The temp rises steadily from the mid 70’s in the eastern Atlantic to the mid 80’s near the Yucatan Peninsula


4. What was the approximate sea surface temperature as Dean became a tropical storm?

78 – 80 F


5. What was the approximate sea surface temperature as Dean became a hurricane?


80 – 82 F


6. What was the approximate sea surface temperature as Dean reached Category 5 strength?


84-85 F


7. Describe the relationship between sea surface temperature and the strengthening of tropical storms and hurricanes.  Use specific temperatures in your description.
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Recap questions 4 – 6 above!


8. What is the range of forward speeds of the storm (referred to as “tracking” in the Google Earth advisories) during it’s lifetime?
Slowest:17 mph
     fastest: 24mph___________________________
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9. What is the average tracking speed of the storm? (you don’t need to calculate it, just look for the most frequently appearing tracking value)


20 – 21 mph


10. What was the maximum sustained wind speed, and what was the Saffir Simpson Category, as Dean came ashore on the Yucatan Peninsula?
Wind speed:_____165 mph________      Category:_________5________

11. What happened to the maximum sustained wind speed and Category as Dean crossed the Yucatan Peninsula? Use specific times, wind speeds, and categories in your description.


Dropped from 165 (Cat 5) to 125 (Cat 3) as it made landfall Aug 21 9 AM ZULU, and to 80mph (Cat1)



2 hours later as it entered the Gulf


12. What caused the wind speed changes you’ve noted in question 11.  In your answer, list the factors involved, and explain how and why they affect wind speed.
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Various including loss of energy from warm water, obstructions on land breaking up airflow


13. Notice the water temperatures along the Louisiana, Mississippi, Alabama, and Florida panhandle coast (around 30N, 88W) and describe how and why those water temperatures might affect a storm making landfall there.
[image: image7.jpg]15 E9 wypces
S B hucans sy
& E13 Haricans Doon 2006)
& E18 Harican Kot (2005)
 (E1 e seasens
© 1 Hrcone ks
508 vear
O 1007 |
1 OE 205 Antea ocks

O s
O s |
© B9 Sensorn oo enpersee
Mo of e meon A,
Septobr  Ocoba e





Warmer water would tend to cause an approaching storm to strengthen by providing more energy, and more 



evaporation to strengthen the storm


14. Describe how and why the water temperatures along the east coast of Florida (29N, 80W) might affect the intensity of a storm moving up the coast there, or making landfall there?
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Cooler water would tend to cause an approaching storm to weaken.  (Heavy rains and associated runoff can



contribute to cooling like that observed here)


Part Two – Hurricane Katrina: the costliest hurricane in US history

Much has been written about incredible human, cultural, and economic costs of Hurricane Katrina, just one of a record breaking number (27!) of tropical storms and hurricanes of the 2005 Atlantic tropical season.  Currently the costliest hurricane in US history (and the third deadliest), Katrina grew from tropical disturbance in the Bahamas into a major category 5 hurricane in the Gulf of Mexico in just four days.  On the fifth day, hurricane induced flooding had paralyzed and nearly destroyed the port city of New Orleans in the Mississippi delta as Katrina made landfall.
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Turn off the Hurricane Dean layers and folders, and turn on the Hurricane Katrina folder (you do not have to expand the Hurricane Katrina folder).  See Figure 3.  A sea surface temperature (SST) display appears, along with a temperature legend.  
Notice also that a time scale is now displayed across the top of the 3D display.  As you work through Part Two, you will want to play a looping image of sea surface temperatures and storm location and data.  See Figure 4 and take a minute to play with the time line.
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Figure 4.
You can (1) change the speed of the looping image, (2) drag the slider to select a specific date, and (3) stop and start the automatic looping of the display.
Run the loop a few times, and then stop it and drag the display to August 26 at 9:30 AM.  Now mouse over, and then click, any of the points along Katrina’s path to reveal the date and other information regarding the progress of the storm.
1. Describe how the wind speed and pressure changed as Katrina moved over the southern tip of Florida on August 26.

Continued to gain strength


2. In Part One, we learned that hurricanes lose energy over land.  Explain why Katrina was still intensifying as she moved over Florida.
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Proximity to warm water


3. Use the slider to set the time to August 28 at about 10:30 PM.  Citing Categories and specific wind speeds and air pressures, describe the changes in Hurricane Katrina from August 26 to August 28.


Category 1 – 5, wind speed 81 – 173 mph, pressure from 987mb to 902mb






4. Explain why your answer to question 3 above is not surprising.

Katrina was moving over warmer and warmer water






5. What conditions at that time led forecasters to suggest that Katrina might make landfall on the Gulf coast as a strong Category 5 storm?

Storm was moving in that direction, and the water along the coast was very warm


6. Set the slider to August 29 at around 5:30 AM.  While Katrina was still a strong Category 5 storm and seemed to be heading straight for New Orleans, forecasters began to think the storm might weaken before making landfall.  Why?

Coastal SST had cooled a little






7. Drag the slider ahead to September 1, and describe what happens to the temperatures in the Gulf as and after the storm crosses it.

There seems to be a ‘wake’ of cooler water


8. Describe as many mechanisms as you can think of to explain the cooling of the sea surface in the wake of Hurricane Katrina. Think, “Where did the heat go?”

Mixing (due to strong surface winds) with cooler water below the surface



Evaporative cooling






9. Refer to the chart of planetary winds to the left, and do/answer the following:
A. At what latitude did Katrina’s track turn to the northeast?

____29 – 30 N______

B. Trace the path of Katrina on the diagram to the left.
C. Does the forward motion of the hurricane seem to be at least in part driven by the planetary winds?

________Yes________________

Part 3 – Looking at Hurricane Seasons over the years

By now you should be able to make some predictions about hurricane activity.  Collapse and turn off the Hurricane Katrina folder, and expand the Hurricane Seasons folder and subfolders. Turn on the 2005 data as shown in Figure 5.  Click on 2005 Animated Tracks in the sidebar to display the timeline in the 3D display.  Click play button on the timeline, and notice in particular the seasonal SST and the corresponding number of tropical storms and hurricanes.

Now turn off the Hurricane Tracks, and toggle the 1997 and 2005 SST’s back and forth (See Figure 6).

1.  How do the seasonal SST’s in those 2 years compare?


1997 was much cooler


2. Based on the observed seasonal SST, predict the relative number and intensity of storms in 1997 compared to the number of storms in 2005.


Expect fewer storms in 1997



Turn on and toggle back and forth between the 2005 and 1997 tracks to confirm your answer to question 2 above (See Figure 7).
Confimred!

Now turn off the Hurricane Tracks again, and toggle back and forth between the 2005 and 2006 SST’s (Figure 8).
3. Would you describe the seasonal temperatures as similar, or very different? _____similar, ’96 a bit cooler_______________

4. Predict how the number and intensity of storms in 2006 probably compared to the number of storms in 2005...


Similar number, similar intensity, maybe a little less intense



… and then turn on the 2006 tracks and toggle back and forth between the 2006 and 2005 tracks to confirm your answer to question 4 (Figure 9).

Whoa! Not nearly as many or as strong storms!
You probably predicted that 2005 and 2006, with similar SST’s, were similarly active.  The reality was, however, that in spite of similar SST’s there were far fewer and less intense storms during 2006 hurricane season.
Although the 2005 and 2006 SST’s were similarly warm, there were far fewer storms in 2006.
Part Four – Vertical Wind Shear
Obviously, there must be another factor involved in the development of tropical storms.  Vertical wind shear (the rate of change of wind speed or direction with a given change in height) is another critical factor in determining whether severe weather will develop.  Significant wind shear will disrupt the ‘organization’ of a tropical depression, limiting or even preventing the formation of rotating cyclonic storm or hurricane.
Turn off the Seasonal Ocean Temperature layer, and turn on the 2005 wind shear layer.  Also turn on the 2005 Animated Tracks layer.  Run the time line loop again, and answer the following questions:

1. The wind shear legend to the left matches the images on the 3D display.  Which end/color of the legend will correspond with the greatest likelihood of tropical storm development? (the left/white end, of the dark red/right end?)  Explain!

Left/white, because higher wind shears (dark red/right) tend to disrupt organization.


2. Describe any relationship you see between tropical storm origin areas and vertical wind shear in 2005.

Storms generally develop and strengthen in areas of little or no wind shear


3. Turn on the 1997 seasonal wind shear layer and the 1997 Hurricane Tracks layer.  Describe the 1997 season wind shear, and explain how it influenced tropical storm development that year.


Higher than normal seasonal wind shear combined with cooler waters to moderate the 1997 tropical season


4. Turn on the 2006 seasonal wind shear layer, and comment on the apparent extent to which vertical wind shear affected the number and intensity of tropical storms that year. (Toggle the 2005 and 2006 wind shear layers back and forth.

Wind shear in 2006 was greater (less white, more dark red) than in 2005, resulting in fewer and less intense



storms





Figure 3





Figure 2. Expand the Hurricane Dean folders (1) and make sure they are all displayed, or ‘turned on’. (2)








