Physical Science 20 – Introduction to the Marine Environment

Meteorology

Read: Text Chapter 8; especially Figures 8.2, 8.7, 8.13, 8.17, 8.23a, 8.25.
	Attached Summary Figures

Key Points
· We cover meteorology in this course because ocean circulation is closely coupled to atmospheric circulation, and storm generation (especially hurricane formation) is tied to sea surface conditions.
· Large, global atmospheric circulation patterns (the global, prevailing wind patterns which sustain ocean surface currents) are ultimately caused by the uneven heating of the Earth’s surface caused by the Sun. The equatorial and tropical regions receive a surplus of solar radiation/heat, and the polar regions receive a minimal amount of heat energy. As a result of this inequality of received heating, wind patterns develop to even out the global heat imbalance.

· Basic Meteorology Principles - Please see attached Basic Meteorology figure):
· Water exists as three possible physical phases: solid (ice), liquid (liquid water), gas (water vapor)  
· Hot air rises, cold air sinks
· Rising air often generates Low Pressure Systems characterized by condensing water vapor, cloud formation, and precipitation.
· Sinking air often generates High Pressure Systems characterized by retention of water in the vapor phase, clear blue skies and no precipitation.
· Water has a high Heat Capacity – latent heat energy stored in water vapor is released when water vapor condenses to liquid water during cloud formation/precipitation.
· Warm air holds more water (as vapor) than cold air.
· Atmospheric temperature generally decreases with altitude – it is colder the higher one goes in the atmosphere (until the Stratosphere is reached when the temperature trend reverses).
· As air cools, generally as an air mass is elevated in the atmosphere, the water vapor condenses to liquid water droplets (cloud formation) and latent heat is released.
· In an actively rising air mass, the released latent heat causes accelerated rising air. The establishment of a rapidly rising column of air forms the core of large storms such as thunderstorms and hurricanes.


· Hurricanes – see attached Hurricane Formation figure.
· The most powerful processes on the planet are fueled solely by the heat released by the condensation of water vapor.
· Hurricanes will only develop over ocean water with a temperature above 79-degrees F. Warm water conditions are necessary to produce the water vapor necessary to fuel the storm, but it is not clear why specifically 79-degrees is the development temperature minimum.
· A low pressure system developing over warm ocean conditions may cause water vapor-rich air to be pulled up into the cold upper atmosphere. The cold conditions cause some of the water vapor to condense to water droplets and release the latent, stored heat energy. The release of latent heat is the key element of hurricane generation, as it warms the air mass and causes it rise even higher in the atmosphere. Colder conditions exist higher in the atmosphere which causes additional condensation, heat release, and further elevation of the air mass. The process continues until elevated temperature conditions are encountered in the lower stratosphere.
· The rising column of air pulls in air from the surrounding sea surface which introduces additional water vapor to fuel the hurricane. The faster the air column is rising, the faster the winds are rushing into the center of the storm. The inward moving air flow get deflected to the right of the direction it is moving by the Coriolis Effect (please see explanation in textbook), thereby producing the circular flow of high velocity winds.
· As long as warm surface water exists as a source of water vapor, a hurricane can theoretically continue indefinitely. A hurricane will rapidly lose its force, however, if the water vapor fuel is diminished – as noted when the hurricane moves over cold water or land. Rugged, mountainous terrain will also disrupt the coherency of the storm.

· [bookmark: _GoBack]Global Atmospheric Wind Patterns – (please see attached Meteorology Summary)
· The uneven heating of the Earth’s surface is ultimately responsible for the development of the global wind patterns (which control the global ocean surface current pattern).
· Prevailing warm conditions along the Equator results in prevailing Low Pressure/rising air conditions. Low Pressure conditions are generally characterized by water vapor condensation, cloud formation, and precipitation. The prevailing Low Pressure conditions are responsible for the tropical rainforests being concentrated in the Equatorial portion of the Earth.
· The rising air masses at the Equator move to the north and south in the upper atmosphere. These air masses cool sufficiently when they reach approximately 20-30-degrees north and south latitude where they sink. The sinking air masses generate High Pressure conditions, characterized by very little condensation, minimal cloud formation and precipitation, and generally arid conditions. The position of the major desert belts are present at 20-30-degrees north and south latitude in these zones of prevailing High Pressure conditions.
· The Polar Regions are characterized by cold, sinking air masses, forming prevailing High Pressure conditions. Generally semi-arid conditions characterize the High Pressure Polar Regions.
· The sinking air masses at the Poles migrate toward the Equator. When they reach approximately 60-degrees north and south latitude they are warm enough to rise, creating prevailing Low Pressure conditions at these latitudes. The common Low Pressure conditions create the high rainfall conditions which result in these regions containing the global Temperate Rainforest belt (e.g. Seattle, Vancouver, southeast Alaska).  

· The pattern of rising air at the Equator and 60-degree N and S latitude, and sinking air at 20-30-degree N and S latitude and the Poles, creates a series of circular convective cells (Hadley cells) which form the global wind patterns (illustrated on Figure 8.13 and the Meteorology Summary figures).


