Effects on the Atmosphere Lesson

Slide 1: Introduction slide
Introduce the lesson: tell the students that we will be learning about how volcanoes affect Earth’s atmosphere now, and how they affected the atmosphere in the past.

Slide 2: Outgassing
Volcanoes created our atmosphere.  When the Earth was first forming, the atmosphere was composed of mostly hydrogen and helium.  However, solar wind and early earth bombardment with space debris kept blasting away what atmosphere the Earth did have into the outer solar system, and Earth was too small yet to hold gases in.  Over time, volcanoes emitted gases continuously including water, carbon dioxide, sulfur dioxide, carbon monoxide, sulfur, chlorine, nitrogen, hydrogen, ammonia, and methane.  There was no free oxygen available at that time.  As bombardment decreased, the Earth began to cool and the water vapor emitted from volcanoes condensed and formed the oceans.  The oxygen in our atmosphere was created by photosynthesis where cyanobacteria removed the carbon from the air (from CO2) and allowed oxygen to build up over hundreds of millions of years to the amount we have now.  The atmosphere now contains approximately 78% nitrogen and 21% oxygen with small amounts of other gases.

It was by the steady emission of gases from volcanoes that provided the carbon dioxide, methane, water, and other gases necessary for life to begin on Earth and for the greenhouse effect to begin that made conditions suitable for humans to eventually populate the Earth.  Gases such as carbon dioxide trap heat so that less energy from the sun escapes into space and is radiated back towards Earth instead.  Without volcanoes, we wouldn’t exist!  Volcanoes emit very little gases now, and only a small fraction of total yearly carbon dioxide emissions comes from volcanoes, but outgassing was very important early on.

Slide 3: Effects

All volcanic eruptions have some effect on worldwide atmosphere, but only the largest eruptions cause noticeable effects.  If the eruption column is large enough to reach the stratosphere, winds in the stratosphere can distribute the volcanic ash around the globe.  The ash reflects sunlight back into space, therefore cooling the Earth. Once the ash makes it into the stratosphere, it stays around for a long time, increasing earth’s albedo and wreaking havoc with local climate.  For example, the eruption of Pinatubo in the Philippines in 1991 ejected about 4 km2 of ash into the atmosphere, which resulted in a worldwide cooling of 0.5-0.7ºC.  The eruption of Tambora in 1815 blew 40 km3 of ash into the atmosphere and caused the “years without summers” from 1816-1818 creating widespread crop failure and famine.  It is responsible for at least 80,000 deaths due to famine in the northern hemisphere.  Toba erupted approximately 73,500 years ago and released 2,800 km3 of magma.  This eruption would have been large enough to cause a global cooling of 3-5ºC with regional drops of up to 15ºC for 6 years.  It is believed that it caused the world population to drop to as little as 10,000 people or less, which caused a significant decrease in genetic diversity.

Volcanoes are constantly emitting gasses, including carbon dioxide, which enhances the greenhouse effect.  However, volcanoes are not the cause of the recent global warming.  The total output of all volcanoes on Earth accounts for only 3% of all carbon dioxide entering the Earth’s atmosphere.  The other 97% can be attributed to human activities.

Volcanoes can cause rain, lightning, and thunder in the immediate area surrounding them.  The ash that is ejected mixes with moisture in the air causing it to rain.

Slide 4: Height of eruption columns
This is a diagram comparing the size of the eruption column of different types of eruptions.  This is an opportunity to remind the students of the different types of eruptions.  You can ask the students how much area they think each eruption might cover and which eruption is large enough to reach the stratosphere and send ash around the world.  Why are some more explosive but do not reach as high as others?

Slide 5: Solar transmittance graph
This graph shows the amount of sunlight that makes it though the atmosphere at Mauna Loa, Hawaii for the years 1958 to 2008.  On average, 94% of sunlight that reaches the Earth makes it through the atmosphere.  These measurements show 4 volcanic eruptions that blocked a noticeable amount of sunlight and reflected it back into space.  The ash that was emitted from these eruptions reduced the amount of sunlight reaching the surface of the Earth, and hence caused a significant cooling of the Earth.

Slide 6: Mt. Spurr ejecta
Photograph of ash dispersing around the planet.  Volcanic ash clouds can be difficult to see from the surface of the Earth, but are very obvious when viewed from space.  This ash cloud is very high in the atmosphere, well above the clouds.

Slide 7: Volcanic ash fall
Map showing the extent of area covered by ash ejected from the Yellowstone caldera in previous eruptions.   Ash from Yellowstone can be found more than 1000 miles away from the source.  There are eruptions in 3 different locations on this map.  The eruption of Mt. Saint Helens in 1980 produced much less ash than the eruptions at Yellowstone and Long Valley, so if Yellowstone was to erupt again, it would be even more disastrous.

Slide 8: Ash fall from Iceland
Map of areas covered in ash from the eruption in Iceland.  This slide can be replaced with a more recent eruption.  The point here is to bring in current events that students have heard about.  The eruption began rather peacefully then stopped for several days.  When the eruption began again, a new set of craters opened up beneath the volcano’s ice covered central summit caldera.  The eruption occurred beneath 200 meters of ice.  The resulting meltwater flowed back into the erupting volcano and significantly increased the explosivity of the eruption.  It cooled the lava very quickly, which caused it to erupt in a cloud of highly abrasive, glass-rich ash.  Since the eruption was more explosive due to the meltwater, it ejected ash high enough to enter the jet stream and paralyze air traffic over Europe.

Slide 9: Icelandic eruption
Photograph of lightning caused by the April 2010 eruption of a volcano in Iceland.  The eruption of Eyafjallajökull was relatively small, but caused enormous disruption to air traffic over western and northern Europe because it is located directly beneath the jet stream.

Slide 10: Key points
This slide gives a chance to reemphasize the main points of the lesson.
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