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• Etna, 44BC

• Laki, Iceland, 1783, and Franklin

• Tambora, Indonesia, 1815, Year without 
Summer, Frankenstein, and Turner’s 
sunsets

• Krakatoa, Indonesia, 1883, lots of optical 
effects







• Ash, irrelevant (cf Kuwait)

• Gases – 80% H2O, 10% CO2, 5% SO2, 
traces of halogens

• Entrained air











• 75% H2SO4 – 25% H2O liquid aerosols, 
submicron size

• Injected into stratosphere with month-long 
residence times

• Interacts with radiation to give tropospheric 
cooling and stratospheric heating

• Surfaces provide reaction sites for 
chemistry



Lower stratosphere temperature anomalies, 
85S-85N, 1982-1991 base period











• Eruption volume

• Magma sulphur content (1 ppm to 1 wt%, 
more mafic, more sulphur)

• Eruption style (injection into stratosphere)

• Volcano location (global wind patterns)

• Tdecrease = 6e-5 (S/grams)1/3 roughly…





Measurements of the SO2 produced by the June 15, 1991, 
Pinatubo eruption from MLS, TOMS, and SBUV determination 
between June 1991 and March 1993. 














