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Fumarole on northwest side of Fourpeaked Mountain. Yellow staining on snow is
result of sulfur emission from the vent. Photograph taken by C. Read, U.S. Geological
Survey, February 22, 2007.



Steam plume emanating from the summit ice cauldron of Mt. Spurr. Photograph taken
September 10, 2006, courtesy of J. Copen. Used with permission.



View of the east-southeast flanks of Augustine Volcano and steaming summit.
Photograph taken by G. McGimsey, U.S. Geological Survey, June 2, 2006.



Martin summit crater, in Katmai National Park. The vigorous fumaroles at Martin and
nearby Mageik often have been mistaken for volcanic eruptions. Photograph taken by
C. Read, U.S. Geological Survey, August 26, 2006.



Kasatochi volcanic cloud as observed at 2300 UTC on August 10, 2008, approximately 3 days
after the start and 2 days after end of the eruption. The image on the left shows SO, gas
detected by the OMI sensor and the image on the right shows a smaller region of volcanic ash as
indicated by a GOES thermal infrared brightness temperature difference image. The colors are
related to the total column abundance (mass per area) of SO, and volcanic ash, with warmer
colors indicating greater amounts of gas and ash. These data are from NASA's EOS-Aurasatellite
and Ozone Monitoring Instrument (OMI), courtesy of Dr. Simon Carn, University of Maryland,
Baltimore County.


Presenter
Presentation Notes
Kasatochi volcanic cloud as observed at 2300 UTC on August 10, 2008, approximately 3 days after the start and 2 days after end of the eruption. The image on the left shows SO2 gas detected by the OMI sensor and the image on the right shows a smaller region of volcanic ash as indicated by a GOES thermal infrared brightness temperature difference image. The colors are related to the total column abundance (mass per area) of SO2 and volcanic ash, with warmer colors indicating greater amounts of gas and ash. These data are from NASA’s EOS-Aurasatellite and Ozone Monitoring Instrument (OMI), courtesy of Dr. Simon Carn, University of Maryland, Baltimore County. 


View of the Okmok caldera's eruption plume viewed from Fort Glenn (ranch building in
foreground) on August 3, 2008. The small peak to the left is Tulik, a stratocone outside of the
caldera. Photograph taken by J. Larson, University of Alaska, Fairbanks Geophysical Institute.
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View of the Okmok caldera’s eruption plume viewed from Fort Glenn (ranch building in foreground) on August 3, 2008. The small peak to the left is Tulik, a stratocone outside of the caldera. Photograph taken by J. Larson, University of Alaska Fairbanks Geophysical Institute, August 3, 2008.
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Fumarole on northwest side of Fourpeaked Mountain. Yellow staining on snow is the result of sulfur emission from the vent. Photograph taken by C. Read, U.S. Geological Survey, February 22, 2007. 
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Steam plume emanating from the summit ice cauldron of Mt. Spurr. Photograph taken September 10, 2006, courtesy of J. Copen. Used with permission.
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View of the east-southeast flanks of Augustine Volcano and steaming summit. Photograph taken by G. McGimsey, U.S. Geological Survey, June 02, 2006. 
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Martin summit crater, in Katmai National Park. The vigorous fumaroles at Martin and nearby Mageik often have been mistaken for volcanic eruptions. Photograph taken by C. Read, U.S. Geological Survey, August 26, 2006. 
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Kasatochi volcanic cloud as observed at 2300 UTC on August 10, 2008, approximately 3 days after the start and 2 days after end of the eruption. The image on the left shows SO2 gas detected by the OMI sensor and the image on the right shows a smaller region of volcanic ash as indicated by a GOES thermal infrared brightness temperature difference image. The colors are related to the total column abundance (mass per area) of SO2 and volcanic ash, with warmer colors indicating greater amounts of gas and ash. These data are from NASA’s EOS-Aurasatellite and Ozone Monitoring Instrument (OMI), courtesy of Dr. Simon Carn, University of Maryland, Baltimore County. 
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View of the Okmok caldera's eruption plume viewed from Fort Glenn (ranch building in foreground) on August 3, 2008. The small peak to the left is Tulik, a stratocone. Photograph taken by J. Larson, University of Fairbanks Geophysical Institute, August 3, 2008. 
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Large volcanic eruptions inject water vapor (H2O), carbon dioxide (CO2), sulfur dioxide (SO2), hydrochloric acid (HCl), hydrofluoric acid (HF), and ash into the stratosphere (10-20 mi above the Earth's surface). CO2 is a greenhouse gas and contributes to global warming. 
HCl and HF can dissolve in water and fall to the Earth as acid rain. The most significant impact is when SO2 is converted to sulfuric acid (H2SO4), which condenses into a mist of fine particles (sulfate aerosols). These aerosols reflect radiation from the sun, cooling the troposphere; they also absorb the Earth's heat, warming the stratosphere. The aerosols, together with increased stratospheric chlorine levels from chlorofluorocarbon pollution, also promote ozone destruction by altering chlorine and nitrogen chemical species in the stratosphere. As the aerosols settle down into the upper troposphere, they can serve as nuclei for cirrus clouds, further affecting the Earth's radiation balance. Carbon dioxide allows short wavelength radiation from the sun to penetrate through the lower atmosphere to the Earth's surface and absorbs long wavelength radiation, which is the energy the earth reradiates back into space. The trapping of this infrared heat energy by these greenhouse gases results in warming. Most of the HCl and HF are dissolved in water droplets in the eruption cloud and quickly fall to the ground as acid rain. The injected ash also falls rapidly from the stratosphere; most of it is removed within several days to a few weeks. Figure modified from Richard Turco in American Geophysical Union Special Report: Volcanism and Climate Change, May 1992.
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Comparison between global mean surface temperature anomalies (°C) from observations (black) and simulations (computer model outputs) forced with (a) anthropogenic and natural forcings (solar and volcanogenic) and (b) natural forcings only. 

Global mean surface temperatures (°C) from observations (black) and simulations (multiple runs of multiple computer models with different variables – the average of which is shown by the red line) with anthropogenic and natural forcings.

(b) Global mean surface temperatures (°C) from observations (black) and simulations (multiple runs of multiple computer models with different variables – the average of which is shown by the dark blue line) with natural forcings (solar and volcanogenic) only.
 
On (a) and (b) the vertical grey lines indicate the timing of major volcanic events. 
In essence, graph (a) shows computer model calculations that include anthropogenic and natural (volcanic and solar) inputs and the direct measurement of average global temperature match. Graph (b) also shows the direct measurement of average global temperature in black, increasing over time, but computer model calculations using only natural (volcanic and solar) inputs show a steady average global temperature. One could conclude from this figure that the anthropogenic sources or inputs are the cause of increasing average global temperatures. Graph (b) also illustrates that immediately following the noted volcanic eruptions there is a decrease in globally averaged temperatures for the next 2, 3, or 4 years, but the average achieved over a much longer time scale is attained within a few years.

This is figure 9.5 from Chapter 9 of Understanding and Attributing Climate Change of the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report Climate Change, 2007. Graph (a) is FAQ 8.1, Figure 1 in Chapter 8 of the same volume.

Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report �Climate Change, 2007, The Physical Science Basis�Cambridge University Press, New York. 
Chapter 8. Climate Models and Their Evaluations (Figs.)
Chapter 9 Understanding and Attributing Climate Change
http://www.ipcc.ch/ipccreports/ar4-wg1.htm
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Global temp in C and F from 1880 to 2005 scatter plot of annual temperature and time for 1880-1920.
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Global temp in C and F from 1880 to 2005 scatter plot of annual temperature and time for 1921-1965.
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Global temp in C and F from 1880 to 2005 scatter plot of annual temperature and time for 1966-2005.
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Global annual temperature and time for 1880-2005 and specified volcanic eruptions 
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1 Arthur, M.A. 2000, Volcanic contributions to the carbon and sulfur geochemical cycles and global change in H. Sigurdsson, and others, eds., Encyclopedia of volcanoes: Academic Press, p 1047.
2 Brantley, S.L., and Koepenick, K.W., 1995, Measured carbon dioxide emissions from Oldoinyo Lengai, and the skewed distribution of passive volcanic fluxes: Geology, v. 23, no. 10, p. 933–936.
3 Gerlach, T.M., 1991, Present-day CO2 emissions from volcanoes: Transactions of the American Geophysical Union (EOS), v. 72, p. 249, and 254-255.
4 USGS Volcano Hazards Program Volcanic Gases and Their Effects: Effects: Carbon Dioxide http://volcanoes.usgs.gov/hazards/gas/index.php#CO2
5 Compiled by Earth Policy Institute from Marland, G., Boden, T.A., and Andres, R.J., 2007, Global, regional, and national CO2 emissions: Trends—A compendium of data on global change: Oak Ridge, Tenn., Carbon Dioxide Information Analysis Center; BP, Statistical Review of World Energy (London: 2007),  http://www.earthpolicy.org/Indicators/CO2/2008_data.htm#fig3
6 Moore, F.C., 2008, Carbon emissions—Carbon dioxide emissions accelerating rapidly: Earth Policy Institute, Eco-Economy Indicators webpage http://www.earthpolicy.org/Indicators/CO2/2008.htm
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