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Long-term variation in occurrence of solar wind disturbances during Cycles 23-24

derived from interplanetary scintillation indices
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The solar wind, which is a supersonic plasma flow from the Sun, ceaselessly changes over a wide range of spatial and
temporal scales. This change imposes significant effects on the space environment and upper atmosphere near the Earth
(space weather), and even on infrastructures in human civilization; therefore, continuous monitoring and prediction of the
solar wind are an important subject. The high-speed solar wind and coronal mass ejection are known as a major driver to alter
the space weather.  Through the interaction with the ambient solar wind, the plasma in the leading portion (sheath region)
of either the high-speed solar wind or fast CME is compressed, and enhancements in density, temperature, and turbulence
are generated. The compressed plasma in the sheath region can be effectively detected from interplanetary scintillation (IPS)
observations of radio sources. Namely, the strength of IPS represents integration of density fluctuations along the line of sight,
and the g-value which is a measure for IPS strength increases when the compressed plasma associated with fast solar wind
or CME intersects the line of sight. The collection of g-value data started in 1997 from 327MHz IPS observations at ISEE of
Nagoya University, and the data which covers the period over 2 solar cycles (SCs 23 and 24) are available now. In this study,
we analyzed ISEE g-value data to examine time variation in the occurrence rate of solar wind disturbances during SCs 23 and
24. There is no past study in which the g-value data over such a long period was analyzed, and this study enables to reveal
how the occurrence rate of solar wind disturbances varies and how different those are between SCs 23 and 24. We calculated
three kinds of IPS index from the g-value data to detect solar wind disturbances. The IPS indices, which are derived from the
g-value data on a daily basis, act as a handy measure to indicate increase or decrease in the density fluctuation level of global
inner heliosphere. In JpGU2022, we reported that IPS indices had weak but significant positive correlations with increase in
the solar wind density and speed. This suggests utility of the IPS indices for detecting the compressed plasma associated with
high-speed solar wind or CME. In this study, we counted the number of days when the IPS indices exceed threshold levels
for each year to determine annual variation in the occurrence rates of solar wind disturbances. The threshold level for each
IPS index was given by the average value plus +1 sigma. As the result, the occurrence rate for SC23 increased at the solar
maximum, decreased at the declining phase, and increased again at the subsequent solar minimum. The highest rate occurred
in 2009 (solar minimum), the next highest rate in 2001 and 1999 (solar maximum), and the lowest rate in 2004 (declining
phase). On the other hand, the occurrence rate for SC24 was high for the period between SC23/24 minimum and the rising
phase, dropped for the period from the solar maximum to the declining phase, and rose again at the next solar minimum. The
highest rate was observed in 2011 (rising phase), and the lowest in 2014 (declining phase). The interesting point is that the
minimum of the occurrence rate occurred in the declining phase just after the solar maximum for both cycles. A similar drop
in the occurrence rate of transient streams at the declining phase was reported from in situ observations. Long-term variation
of solar wind disturbances revealed from the IPS indices includes both effects of high-speed solar wind and CME, which may
correspond to enhancements of the occurrence rate at solar minimum and maximum, respectively. The lower occurrence rate
for SC24 (particularly at solar maximum), compared to that for SC23, is ascribed to the weaker solar activity of SC24.
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