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Note
This was originally a PowerPoint presentation to teachers attending the 6th Annual Environmental Health Summer Institute at the University of Texas in July 2006.  Feel free to use any part of this presentation for educational purposes, crediting the original author and/or those individuals or organizations whose views, materials, or animations are presented herewith.

Thank you.
Teri Eastburn



Welcome!

While you are waiting, please
fill out a climate change survey.
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Note
UCAR is the University Corporation for Atmospheric Research founded in 1960, and composed of approximately 100 member universities and affiliate and international university members.  UCAR exists to enhance the capabilities of the universities and to focus on scientific problems that are beyond the scale of a single university. It accomplishes this mission through its management the National Center for Atmospheric Research (NCAR), located in Boulder, CO -- a research laboratory sponsored by the National Science Foundation.   
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\What are our goals
anad objectives today?
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@ur Goals for l'oday
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Note
Atmosphere:  The atmosphere is where weather takes place. But it is just one component of an incredibly complex system that also encompasses the oceans, land surfaces, and other elements.

Hydrosphere: Even in the middle of a continent, the sky overhead is profoundly influenced by the oceans. The atmosphere and ocean can be viewed as part of a single engine transporting heat and energy from the equator to the poles. Water is intrinsic to the climate system, circulating continuously between Earth and the atmosphere. This enormously complex cycle is a central focus of climate research at NCAR.

Lithosphere and Biosphere: Trees, crops, urban development, and even soil can have surprising effects on our climate. Biogeoscience, a relatively new discipline, looks at the interactions among living organisms, Earth, and the atmosphere.

Cryosphere: The cryosphere includes those parts of the world, both land and ocean, covered by snow and ice. These frozen regions have far-reaching effects on Earthﾕs climate, lowering global temperatures by reflecting sunlight back into space


Within Each System
There are Subsystems
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Note
Within the various spheres there are systems and subsystems.  Two of the more widely known and studied are the carbon cycle and nitrogen cycle.  Humans today have an impact on both, and both in turn greatly impact the natural world, including climate.   For a fun and informative overview of both cycles, have your students engage in the two activities covered:  Carbon Cycle Pursuit and The Nitrogen Cycle Game.
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lonosphere (Aurora)

Mesosphere
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Note
The troposphere is where all weather takes place; it is the region of rising and falling packets of air. The air pressure at the top of the troposphere is only 10% of that at sea level (0.1 atmospheres). There is a thin buffer zone between the troposphere and the next layer called the tropopause.
Above the troposphere is the stratosphere, where air flow is mostly horizontal. The thin ozone layer in the upper stratosphere has a high concentration of ozone, a particularly reactive form of oxygen. This layer is primarily responsible for absorbing the ultraviolet radiation from the Sun.
Above the stratosphere is the mesosphere and above that is the ionosphere (or thermosphere), where many atoms are ionized (have gained or lost electrons so they have a net electrical charge). The ionosphere is very thin, but it is where aurora take place, and is also responsible for absorbing the most energetic photons from the Sun, and for reflecting radio waves, thereby making long-distance radio communication possible.The structure of the ionosphere is strongly influenced by the charged particle wind from the Sun (the solar wind), which is in turn governed by the level of Solar activity. (We’ll discuss this later.)



Activities

The
Systems

Similarities
Between
the Earth
System &
the Human
Body
System
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Note
The Earth System has many subsystems.  The human body is similar in that it too is one large system made up of many subsystems.  In some ways, the systems are very similar.

Compare the Earth System and the human body and it’s subsystems at your tables. Where can parallels be made? Record your thoughts to be shared with the entire group in 10 minutes. 

After this comparison, we’ll take part in a game called “The Systems Game.”  We will use the large empty portion of the room for the game.  (The game can be played outside in your own settings so that you have adequate room.)  The link to the game is at

www.windows2universe.org/tour/link=/teacher_resources/TX2006_climate_workshop.html



EARTH & ENERGY
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Sunspots SlsSpoeraiea
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Note
Sunspots have been observed from Earth by ancient Chinese astronomers for over 4000 years, but only in the last 200 years have astronomers begun to figure out just what they are. 



Solar Flares

Source: NASA
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Note
Because sunspots and the gases around them can flow at thousands of kilometers a minute, it only takes a few minutes before magnetic conditions can escalate.


Coronal Mass Ejection
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Note
Here we see them escalate from a minor solar flare to a major explosion of energy called a coronal mass ejection or cme.



Solar Cycle
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Note
This movie demonstrates the increase in solar activity from 1996-99. The images we're taken by the SOHO spacecraft
In the mid-1800s astronomers discovered from thousands of sunspot sightings that, when they tabulated and graphed them, their numbers increased and decreased over time in a repeatable cycle. These extremes represent the amplitude of the cycle. We now call this the solar activity cycle or the sunspot cycle. During the last 200 years, the time between years of maximum activity, which is called the period of the cycle, has been about 11 years, but sunspot cycles can be as short as 9 or as long as 15 years. During sunspot minimum conditions, such as the year 1996, astronomers counted fewer than 5 sunspots on the surface of the Sun at any one time. During sunspot maximum conditions in 2000, as many as 246 sunspots could be seen. On March 31, 2001, one very large sunspot group was visible to the naked eye with the proper safety precautions. (You should never look directly at the Sun without proper shielding to avoid eye damage!). 
Ancient Chinese astronomers also kept track of naked-eye sunspots 4000 years ago, and that's how we know that sunspots have been a common feature of the Sun for millennia. We also know from graphs of the sunspot cycle that sometimes the Sun just stops making them altogether. This happened in the 1600s, and this was also the time when Europe was in the grip of what they called a mini-Ice Age. 

The Solar Cycle and Weather
Scientists don't fully understand the connection between the sunspot cycle and weather conditions here on Earth, but there does seem to be something going on between them. Scientists have detected correlations between the ups and downs of the solar activity cycle and the behavior of a number of terrestrial atmospheric and climate systems. For example, the ozone hole over Antarctica has an area that appears slightly larger during sunspot maximum than sunspot minimum. Traces of the 11-year cycle have also been claimed to exist in ocean surface temperatures, coral reef layering and the sizes of northern hemisphere storm systems. 




Earth’s Magnetosphere
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Note
As spectacular as these solar storms can be, there is little cause for concern that the Earth's atmosphere will be 'blown away' by them.  This is an over simplficatiaon,, but Earth’s magnetic field lines are shown in this animation protecting Earth from radiation arriving from a solar storm.



Activity on The Nature of Light -

Absorption, Reflection (Scattering), Transmission,
Combination of These

Meet the Photon Folks
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ALBEDO ACTIVITY

Albedo — the amount of light enerqgy
reflected by the Earth, measured
on a scale from 0 to 1 or 0 to 100%

Earth’s average albedo is about 0.31 or 31%.
Snow has a high albedo; the ocean has a low albedo.
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Light Apart;

Putting It

The Sun
In Visible Light --

White-light image of the sun. Taken on
September 13, 2001 by the Big Bear

Observatory
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Note
Have the students look at the incandescent light with the diffraction glasses. The glasses are “taking the light apart”. Ask them to tell you what colors they see -- ROYGBIV.  Then have student pairs use the color wheels (spinning on a lazy susan) to watch the light be “put back together.”

Understanding light and the entire electromagnetic spectrum is important for understanding many of the most pressing environmental problems of our time:  depletion of ozone in the stratosphere, the Greenhouse Effect, and climate change.



What if we could only see the
green of a flower? What would
that keep us from knowing?




Ultraviolet Light

Ultra Violet Region
of the Electromagnetic Spectrum
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Note
Visible light is the light we can see -- composed of red, orange, yellow, green, blue, indigo, and violet.  Two other forms of “light” or electromagnetic energy that we can’t see but often hear about -- infrared light and ultraviolet -- are illustrated.
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Note
Radio waves are the least energtic.  They have a long wavelength a very low frequency.  Low frequence = low energy.  This low frequency waves bounce off many things.
Microwaves pass through some materials but are absorbed by others, i.e. in the microwave in your kitchn, the waves pass through a glass container yet are absorbed by the moisture in your food.
Infrared, or heat waves, are more readily absorbed by dark materials while light colored materials reflect them.  (Don’t wear a black shirt on a very hot day!)
Even though Visible light is the very smallest area of the spectrum, most of the Sun’s energy is emitted as visible light (43%).
Ultraviolet light causes us sunburn, but luckily most is reflected or absorbed before it reaches Earth.  If this wasn’t the case, we all wouldn’t be here right now.
Xrays can penetrate muscle and tissue but are blocked by bone.  That’s why medical and dental xrays are possible.
Gamma rays have the highest frequency, and thus energy, and are used to kill cancerous cells.
We have to thank our atmosphere for protecting Earth from dangerous ultraviolet, x-ray and gamma ray radiation.
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Our Atmospheric Filter

T =

3]
- [ :
g 2 g
: = £
U -

6th Annual Environmental Health Sciences Summer Institute for K-12 Educators
University of Texas, Austin



eastburn
Note
The Earth’s atmosphere provides a protective layer that can absorb harmful rays such as UV rays, x-rays, and gamma rays.
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Note
Our atmosphere’s “ozone hole” in Sept. 2003.  In late September/early October 2006, the “hole” was once again as enlarged after a decline in its size in Sept. and Oct. 2005.  The hole tends to be largest over Antarctica with the onset of the Southern Hemisphere spring.


Ozone and Oxygen

Oxygen Oxygen Ozone
Atom (O) Molecule (O2) Molecule (O3)
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Ozone Depletion in the Stratosphere
by CFCs

fhe COMET Program
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Has the Montreal Protocol solved
everything?

In a word, no. We're not adding new CFCs to
the atmosphere, but the ones we released
earlier haven't gone away.
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CFCs were used as: coolants in refrigerators and air conditioners, a propellants in spray cans, and foaming agents in making plastic-foam containers. These chemicals have a life span of 80 to 120 years. Most are still highly concentrated in the troposphere—the atmospheric layer closest to Earth's surface. And they will continue to drift up into the stratosphere—and attack ozone—for quite a while.  Now, scientists have discovered that bromine, often found in fire extinguishers, is also destroying the ozone layer. There is more work to be done. 
In 1985 scientists reported in Nature, a well-respected British science journal, that there was a hole in the ozone layer above the South Pole. The hole over the Antarctic is seasonal, appearing in September (spring in the Southern Hemisphere) and lasting until early December. Each year, moreover, the hole grew larger. CFCs were blamed.  In 1989 world leaders met in Montreal, Canada, and agreed to reduce CFC production. The treaty is known as the Montreal Protocol. It worked! Scientists now are finding fewer CFCs in the stratosphere, and they are optimistic that the hole in the ozone layer might disappear in the next few decades.  There's still more work to be done, but it's good to know we really can solve problems if we put our energy into it. 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Tonic water (which contains quinine) fluoresces when exposed to ultraviolet light from a black light.
Ultraviolet light is not visible to the human eye, but we can sometimes see the effects of ultraviolet radiation. You've probably seen black lights at your local science museum, or even as part of a Halloween display. Black lights produce a purple glow (visible light) but they also emit invisible ultraviolet light. This black light can cause some materials or substances to glow. Known as fluorescent dyes, they glow in response to ultraviolet radiation.

Activity:  You can see fluorescent dyes glowing as they are exposed to UV or black light (as in UV beads above). Fluorescent dyes convert energy in the radiation into visible light. Different fluorescent dyes produce different fluorescent colors. Unlike normal colors, fluorescent colors absorb radiation and then re-emit it in the visible spectrum. This makes fluorescent colors look much brighter than normal colors.
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Note
In infrared, a zebra’s black stripes are bright yellow, and the white cooler areas are dark.
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Global Heat Flows
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Note
342 W/m2 equals 175 petawatts (1015) = 175 million billion watts.
Today there is a 0.7 w/m2 imbalance due to increasing GHG -- these means we’re no longer in equilibrium.  The radiation coming in is not equal to the amount exiting the system.
120 petawatts are absorbed.
1000 megawatts are our largest power stations.
So this gives you an appreciation of nature’s energy.  It’s very hard to match. Even nuclear energy only comes close to the energy typical in a powerful thunderstorm.
Today we are interfering with these flows.  A doubling of CO2 would increase the global temperature by 1.2 degrees C, but the warming actually ends up closer to 2.5 degrees C due to feedbacks -- the most powerful of which is water vapor.





