April 4, 2008

Hurricanes

· A tropical cyclone (area of surface low pressure) with wind speeds of 74 mph or greater.  A tropical cyclone feeds on the heat released when moist air rises and the water vapor it contains condenses.  This is different from the extratropical cyclones that we discussed earlier in the semester, which derive much of their energy from the contrast in density between warm and cold air masses.
· Tropics

· Geographically, the tropics include the region of Earth centered on the Equator, extending between 23.5° North and South latitudes.\
· Tropical climates are much different from the middle latitude climates that cover most of the United States.  The noon sun is always high in the sky, and so diurnal (day to night) and seasonal changes in temperature are small.  

· Most of the tropics are warm and humid year round.  The seasons in the tropics are dominated by the movement of the Intratropical Convergence Zone (ITCZ).  The ITCZ is a belt of surface low pressure, characterized by surface convergence, rising air, and rainfall, which encircles the Earth.  Thus seasonal changes in the tropics are typically described as “dry seasons” and “wet seasons” depending on the proximity to the ITCZ.
· General Surface Winds
· Surface winds in the tropics generally blow from the east -- northeast (in the northern hemisphere), or southeast (in the southern hemisphere) -- these reliable and steady winds are called the trade winds.
· Draw picture of trade winds and ITCZ
· Occasionally, a large undulation or ripple in the normal trade wind pattern will develop and move slowly from east toward west. These disturbances in the flow are called tropical waves or easterly waves.

· Without going into the details, tropical waves generally move slowly westward and generate areas of surface divergence (along with sinking air and fair weather) on the leading or westward side of the wave and surface convergence (along with rising air, clouds, and rain) on the trailing of eastward side of the wave.
· Show tropical wave picture and animation (linked on the lecture page for Today’s lecture). 

· Although the majority of tropical waves die out before becoming major systems, if conditons are favorable, tropical waves can intensify, develop a central low pressure region around which the winds rotate, and grow into hurricanes. In fact, most severe hurricanes that affect the United States begin as easterly waves, which move of the continent of Africa. Usually these easterly waves are relatively weak until they move into the warmer waters in the western Atlantic, Caribbean, and Gulf of Mexico. 
· Show African Easterly Wave link (link from lecture page)
· Types of Tropical Cyclones
· Tropical cyclone is the generic name given to a surface low pressure system over tropical waters, with organized convection (i.e., thunderstorm activity) and a definite cyclonic (counter-clockwise in the Northern Hemisphere) surface wind pattern. As a tropical cyclone intensifies, it is classified according to wind speed:

· Tropical Depression - surface winds < 39 mi/hr

· Tropical Storm - surface winds 39-74 mi/hr 

· This is when storm is first given a name

· Hurricane - surface winds > 74 mi/hr

· Hurricane is the term used in the north Atlantic Ocean and the north and Pacific ocean east of the dateline. These storms are given different names in other ocean basins:

· Typhoon is used in the north Pacific Ocean west of the dateline

· Cyclone is used in the south Pacific Ocean west of the dateline and in both the north and south Indian Ocean.
· See figure 11.10 from textbook
· Hurricanes are also categorized based on the current speed of the winds using the Saffir-Simpson Scale.  Categories range from 1-5.  As an individual hurricane strengthens and weakens, its category is updated accordingly.  A Major Hurricane is defined as a category 3 or higher storm.

· See Table 11.2 from textbook.  Notice the wind speed is directly related to the surface pressure at the center of the storm … the lower the central pressure, the stronger the winds.
· Hurricane formation and dissipation
· The formation of tropical cyclones is still a topic of intense research and is not fully understood, although research has shown that certain factors must be present for cyclones to intensify to hurricane strength.

· Hurricanes form over tropical waters where the winds are light, the humidity is high in a deep layer, and the surface water temperature is warm, typically 26.5°C (80°F) or greater, over a vast area. Moreover, it helps if the warm surface water extends downward to a depth of at least 200 m (600 ft).  This is because as the storm develops, the winds churn up the water, forcing up water from deeper down.  If this water is too cold, it is difficult for the storm to continue to intensify.

· Hurricanes are powered by the latent heat energy released from condensation. To form and develop they must be supplied with a constant supply of warm humid air for this process. Surface air with enough energy to generate a hurricane only exists over oceans with a temperature greater than 26.5°C. Moreover, the atmosphere above a developing storm must be unstable, i.e., the temperature must decrease rapidly with increasing altitude. This is conducive to thunderstorm formation in general.

· Hurricanes do not develop in the region 4 degrees of latitude either side of the equator. Within this region Coriolis force is negligible. Coriolis force is required for the initiation of rotation.

· Hurricanes will not form if there is significant wind shear, which is a change in wind velocity and/or direction with increasing altitude.  Wind shear inhibits deep convection, essentially ripping tropical storms apart. Generally, tropical storms are best able to strengthen when the rising warm air near the center of the storm goes straight up. Wind shear can cause the updrafts to bend over, which is not favorable for the storm to strengthen.

· Draw a simple figure to help explain this.
· Summary (5 Conditions that must be present for hurricanes to develop/strengthen:

1. Deep layer of warm, humid air above the surface and an unstable atmosphere.

2. Warm ocean surface waters (>80° F) to a depth of 200 ft.
3. Pre-existing large-scale surface convergence and/or upper-level divergence

a. Required to get things started.  Often the pre-existing low level convergence is supplied by a Tropical Wave.

4. Must be further than 4° Latitude away from the Equator.

5. Absence of strong vertical wind shear.

· After a hurricane forms, it will weaken if:
· It moves over colder ocean water (lose energy inflow of warm, humid air)

· It moves over land areas (again lose energy inflow of warm, humid air)

· It encounters strong vertical wind shear

· It is very common for a hurricane to go through cycles of strengthening and weakening during its life.  Some of the reasons for this are listed above, but keep in mind that there is still much that is not understood about hurricane development, strengthening, and weakening.

· Conceptual Model for how hurricanes strengthen
· During lecture, I will lay out a highly simplified sequence of steps that explains energetically how hurricanes intensify via a positive feedback loop.  The model does not explain why and how hurricanes develop features like the eye, rain bands, etc.

· Anatomy of a real hurricane
· As with any cyclone, winds at the surface blow generally counterclockwise (in the Northern Hemisphere), and converge toward the low center (spiral inward).

· Draw a top-down figure of a typical hurricane.
· Look at figure 11.2 (textbook)
· All hurricanes consist of the following components:

· Surface low: All tropical cyclones rotate around an area of low atmospheric pressure near the Earth's surface. The pressures recorded at the centers of tropical cyclones are among the lowest that ever occur at sea level.

· Warm core: Tropical cyclones are characterized and driven by the release of large amounts of latent heat of condensation as moist air is carried upwards and its water vapor condenses. This heat is distributed vertically, around the center of the storm. Thus, at any given altitude (except close to the surface where water temperature dictates air temperature) the environment inside the cyclone is warmer than its outer surroundings.
· Eye: A strong tropical cyclone will harbor an area of sinking air at the center of circulation. Weather in the eye is normally calm and free of clouds (however, the sea may be extremely violent). The eye is normally circular in shape, and may range in size from 8 km to 200 km (5 miles to 125 miles) in diameter. In weaker cyclones, the clouds may cover the circulation center, resulting in no visible eye.  

· The abnormally high pressure found at the top of the storm (above the eye) plays a role in initiating the downward air motion within the eye.

· Eyewall: The eyewall is a circular band of intense convection and winds immediately surrounding the eye. It has the most severe conditions in a tropical cyclone. Intense cyclones show eyewall replacement cycles, in which outer eye walls form to replace inner ones. The mechanisms that make this occur are still not fully understood. In the eyewall replacement process, the eyewall contracts to a smaller size, and outer rain bands form a new eyewall. This new eyewall weakens the original one, and eventually replaces it completely. During the replacement cycle, the storm weakens, sometimes dramatically, but afterwards the storm will often be stronger than before.

· Outer or Spiral Rain Bands: Focused areas of low level convergence, rising motion, and heavy rain that rotate counterclockwise around the storm. These may extend hundreds of kilometers from the storm's center. The spiral rain bands are basically aligned with the low level winds which rotate counterclockwise and spiral inward toward the storm's center.

· Outflow: The upper levels of a tropical cyclone feature winds headed away from the center of the storm with an anticyclonic (clockwise) rotation. Winds at the surface are strongly cyclonic, weaken with height, and eventually reverse themselves. Tropical cyclones owe this unique characteristic to the warm core at the center of the storm.
· Examine figure 11.3 from the textbook.
