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Project 3: Effect of Solar Activity on Global Environment
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The Sun affects the Earth’s environment in various ways. In this project we investigate processes by which solar activity could have
influenced the Earth’s environment in the past and at present. In order to understand long-term variations in solar activity over several
solar cycles or longer, we study past solar-activity variations by measuring radioisotopes. To understand mechanisms by which the Sun
can influence the Earth, we measure present-day variations in the atmosphere by using infrared and millimeter-length radio waves and
conduct laboratory experiments by using a laser system.
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Photochemical reaction
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Atmospheric ions
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The effects of solar activity on variation of atmospheric molecular constituents are investigated 'ELEHE E‘Z
by extracting the solar 11-year component from the monitoring measurement of millimeter-length 14C ?]Toud BorEisam

radio waves for the longer-term changes over tens of years. In Atacama highland of Chile, .
millimeter-length radio wave observations of water vapor (isotope ratio), ozone, nitrates, ClO etc. E.]_"— E ﬁE E'A-*,?( *E
in stratosphere and mesosphere are made. Also a millimeter-length spectrometer, which can be Cosmogenic isotopes

used even at the Antarctic, has been developed and global variations of latitude dependence and
regional effects of water vapor are clarified through observations.
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Millimeter-length radio wave measurements
(continuous measurements through days and nights)
+ temperature measurements by lidar
(@Atacama, the Antarctic/ the Artctic
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Elementary process study by laser system

Accelerator experiments — cloud formation model
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Accelerator mass spectrometry (AMS)
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14C analysis of tree rings (Past solar activity)
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10Be analysis of ice cores, Past global environment
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Variation of the sunspot number over the past 400 years. The
sunspot number is a good index for solar activity. It reveals an
11-year periodicity and also shows variations in century scale.
Solar activity was especially low during the second half of the 17th
century (an interval known as the Maunder minimum), which
corresponded to an interval of unusually cold climate (the Little Ice
Age).
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Analysis of chemical reactions by using UV lasers. Laboratory
experiments with the laser apparatus shown above provide
information about elementary processes involved in photochemical
reactions and thus help to clarify the effects of solar UV radiation
on atmospheric constituents. The results will be useful for
modeling and simulation of atmospheric processes.
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Tree rings in Japanese cedar from Yaku Island. Measurements of
radiocarbon 'C concentration in tree rings (e.g., of this
1900-year-old Yaku cedar) provide information about past
variations in solar activity. Such variations over the past three
millennia are measured and compared with variations of Earth’s
climate.



