In-class text notes for November 2, 2010
The table below is a comparison of some of the climate statistics for Tucson, Arizona and San Diego, California. Although the two cities have similar yearly average temperature and precipitation and are located very near to each other on Earth, they have very different climates. The biggest reason for the differences is that Tucson is a continental or inland location and San Diego is coastal location that is highly influenced by the ocean. The point I am making is that if you only looked at the average annual temperature and precipitation, you may think the two cities have similar climates, however when you consider other statistics beside annual averages, you see the two climates are quite different.

	Climate Statistic
	Tucson
	San Diego

	Annual average temperature
	68.6° F
	63.6° F

	Annual average precipitation
	11.43 inches
	10.29 inches

	
	
	

	Winter – Average high
	66° F
	65° F

	               Average low
	39° F
	49° F

	               Average precipitation
	2.6 inches
	5.8 inches

	
	
	

	Spring – Average high
	82° F
	67° F

	               Average low
	51° F
	55° F

	               Average precipitation
	1.2 inches
	2.7 inches

	
	
	

	Summer – Average high
	99° F
	74° F

	                 Average low
	71° F
	64° F

	                 Average precipitation
	4.7 inches
	0.1 inches

	
	
	

	Fall – Average high
	84° F
	73° F

	          Average low
	57° F
	59° F

	          Average precipitation
	2.9 inches
	1.6 inches

	
	
	

	# days with temperature > 90° F
	144
	2.5

	# days with temperature < 32° F
	17
	0.1

	Average snowfall
	1.25 inches
	Never


We need to be clear on the definitions of global warming and climate change so that when we use these terms we know what we are referring to.

What is Global Warming? There are two common definitions
(a) An increase in the global average surface temperature

(b) An increase in the global average surface temperature that is the direct result of human activity. 
In this class I will use definition (a). And by definition (a) we can certainly say there has been global warming since the late 1800s based on measurements.

Has there been global warming by definition (b)? This cannot be answered with much certainty yet. There is of course the possibility that some of the recent warming has been caused by humans and some of the recent warming is due to natural causes.

What is climate change?

· Climate change is a change in any of the statistical properties of atmospheric variables that occurs in any defined “climate zone”, whether that change is natural or due to human activity.

· Again keep in mind that some people use the term climate change to mean changes due only to human activity
We will consider climate to be defined for small spatial scales, like ecosystems, and call them “climate zones.”

** Important Questions to answer

1. How are human activities affecting climate?

a. Can we separate anthropogenic climate change from natural climate change?

2. What, if anything, should we do about it?

a. To be effective, this will likely require global scale cooperation 

As a review, you should know the order of ultraviolet, visible, and infrared in terms of the energy carried by a single photon. You should now also realize that most of the natural ultraviolet and visible radiation around us comes from the Sun, with much smaller amounts from other stars. Objects on Earth are not hot enough to emit ultraviolet or visible photons.
	Energy Carried by a Single Photon
	Higher

    ↑    

    ↑

    ↑

    ↑ 

Lower
	Type of Radiation

	
	
	Higher energy photons (like X-Rays)

	
	
	Ultraviolet – small fraction of all photons emitted by Sun

	
	
	Visible – majority of photons emitted by Sun

	
	
	Infrared – majority of photons emitted by Earth & objects on Earth

	
	
	Lower energy photons (like Microwaves)


What determines the Radiative Equilibrium Temperature of the Earth?

The amount of radiation energy that the Earth absorbs from the Sun, determines what the average radiating temperature of the Earth must be so that energy input (from Sun) = energy output (radiation emitted from the planet out to space).  This is called the radiative equilibrium temperature.  For Earth, the radiative equilibrium temperature is TRE = 0( F. 

This has been verified by satellite instruments that measure radiation coming from the Earth. The average radiation coming from the Earth is indicative of an object with a temperature of 0( F.

This may surprise some of you since the average temperature near the ground where we live is much warmer 59( F. The reason the temperature near the ground can be higher than the average temperature at which radiation energy is emitted to space is the atmospheric greenhouse effect.
