The 199 Climate Classes of 2007

So we started our journey into the world of climate change, and covered the very basics of climatology.  I will keep this running ‘blog’ to monitor my own progress, help you figure out where you are supposed to be at this point in time, and where it all should go.

What determines climate on earth? Two big factors: A. The amount of energy that earth receives from the sun and B. How much of the received solar heat is retained by the earth.

A. is a function of the “intensity” of the sun and the potential variations in distance to the sun (or geometry of the orbit of the earth). The former is relatively simple – the sun has been heating up over the last 4.5 billion years because its nuclear engine is stoking up the fires with time. At the earth beginning, the sun had only 75 % of the strength that it has now. This must have had some long term climatic impact, but amazingly, it was not so severe that the whole place frosted over for very long times. For our topic of interest (Modern Global Warming), this long term trend is not important, but other solar variations are of interest (e.g., number of sunspots) which will be discussed later.

Now the distance from the sun and other ‘celestial variations’ is important at the time scale of 100,000 to 10,000 years, which starts to get interesting for human civilization in the broadest sense. The keyword to remember here are the Milankovitch rythms, which are variations in the orbit of the earth around the sun (called eccentricity), the angle of inclination of the earth rotation axis with the ecliptic plane (inclination) and the zenith of the plane that contains the rotation axis and a line in the ecliptic plane (precession)  - see for instance the webpage below for pictures - words that explain this.

http://www.homepage.montana.edu/~geol445/hyperglac/time1/milankov.htm
The bottom line is – eccentricity variations lead to variations in the amount of heat that the earth receives (remember 1/R2) at ~100,000 year periodicity while inclination and precession do not impact the heat budget but do impact the heat distribution on earth. The alternation of glacial and interglacial periods on earth took place according to these rythms, and the last ice age was about 20,000-23,000 years ago (so=called Last Glacial Maximum).  We went into the interglacial period and some have said that we should be on our way to the next ice age --  BUT, humans may have altered the composition of the atmosphere so much that we have a stronger greenhouse effect now so that we are possibly avoiding the next Ice Age?!

So far for the long period trends and oscillations in climate and up to the climate basics.  In this lecture and the next we will explore in how far we can predict the mean temperature of the earth from basic principles.  In the web readings you will find Plancks Law, Boltzmann Law and Wiens Law. Once we know the “colour” of the sun, we can derive the surface temperature (5700 K, Wiens Law) and then we apply Boltzmanns Law to get the energy emission rate per unit surface area of the sun. Then we scale that down with 1/R2 for the distance to the earth, and we get the solar constant, which is equal to ~1365 W/m2, or the heat received outside the earth atmosphere on a flat plate of 1 m2 surface area. I gave a short warm-up (ha,ha) into electro magnetic radiation (simple version http://science.hq.nasa.gov/kids/imagers/ems/ems.html), with wave length (equivalent to colour), visible light versus invisible light, shorter wave-length gives more energetic radiation (e.g., UV radiation or X rays) and long wave-length or infra red (heat radiation).  Plancks Law describes the radiation intensity of all wave lengths for a given emitter of radiation (e.g., a body with a certain temperature) and is the master Law of all radiation problems. The web readings on the class site help you with images and text to clarify this topic somewhat. But the main result is: we know how much energy the earth receives just outside the atmosphere, and we will use that next time to see how much the earth retains of that amount.

So bear with me, when we try to discover the basics of climate science, while we move towards potentially the future ‘human catastrophy’ of large scale global warming.

One view: "It's very important to understand that climate change is not just another issue in this complicated world of proliferating issues. Climate change is THE issue which, unchecked, will swamp all other issues." — Ross Gelbspan, author of Boiling Point
