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1. Introduction

1.1 Relationship between solar activity and upper atmospheric

variation

To investigate the
response of the
Earth’s atmosphere to
solar activity using
the long-term
observation data is
essential for
understanding climate
change and
environment of the
planetary atmosphere.
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1. Introduction

1.2 Geomagnetic Solar daily Quiet (Sq) variation
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1. Introduction

1.3 Review of long-term variation in the Sq field

Effect of
Obs. Solar secular
points | data Sq trend variation of Comments
gmag.
[Sleglgeoli 3 Sunspot | Increase © First paper
Schlapp et Magnitude of Sq trend is
al. 11 | Sunspot | Increase © different from different
[1990] observation points.
Ma;rrr]léllan Depend on Yearly variations of Sq
Drouiinina 14 F10.7 | observation © field can be used as a
[20JO7] points proxy of solar irradiance.
Long-term trends in the
: Sq field is linked to upper
Eliggfg)]al. 3 Sunspot | Increase © atmospheric variation

associated with
greenhouse effect.




1. Introduction

1.4 Long-term trends in the Sq field linked to greenhouse effect
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Electron density in the ionosphere tends to
Increase due to the upper atmospheric cooling
associated with greenhouse effect. Then, the
Sq amplitude tends to increase with increase
of ionospheric conductivity.



1. Introduction

1.5 Problems of previous works and purpose of the present study

[Problems]
OShortage of observation points of geomagnetic field and long-term analysis
=Elias et al. [2010] investigate the long-term trends in the Sq fields during

1961-2001 obtained from only 3 observatories. A global feature of the Sq
trends during a very long period remains unknown.

OProblems of analysis method and assumption to determine the Sq field.
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2. Observation data and analysis

2.1 Observation data
OGeomagnetic field (1900-2011): WDC, Kyoto U.
Time resolution: 1 hour, Observation points: 200-300
OGeomagnetic indices (Kp index: 1932-2011) : WDC, Kyoto U.
OF10.7 solar flux (1947-2011) : NGDC/NOAA

2.2 ldentification of geomagnetic quiet days and Sg amplitude

OQuiet days: Maximum Kp value is less than 4 for a day

O Sqg amplitude: 1-month average value of difference between the
maximum and minimum for each quiet day.

OResidual solar activity: Deviation from second-order fitting curve.
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3. Resuls

3.2 Relatlonshlp between the Sq amplltude and FlO 7 Index
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3. Resuls

3.3 Deviation of residual Sg amplitude

F10.7 index vs. Sq amplitude
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| 3. Results

3.4 Long-term variation of residual Sq amplitude-1
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3. Resuls

3.5 Long-term variation of residual Sq amplitude-2
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OResidual Sg amplitudes show
significant decrease and increase at
each observation point.

=Global phenomena?

OThe res-Sq amplitudes become
minimum around 1970 and2010.




3. Resuls

3.6 Trends in the res-Sg amplitude (geographical distribution)

Sq trend during 1950-1969 Sq trend during 1990-2009
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4. Discussion

4.1 Interpretation of long-term trends in the Res-Sq field

Both long-term trends in the res-Sqp amplitude in the auroral and polar cap
regions and in the Sq amplitude in the middle and low latitudes during 1950-
2010 show significant decrease and increase with the 20-yr period.

[Generation mechanism of Sgp and Sq fields]

@Sqp: solar wind—Polar ionospheric convection qup =, ‘E oy
@Sq: solar irradiance—thermospheric dynamo J = 3 -(E S +Ux B)

Although the generation mechanism of the Sqgp field is different from that of
the Sq one, long-term trends in the residual Sqp and Sq fields show a similar
tendency during 1951-2010. Then, the variation of the ionospheric
conductivity contributes significantly to the above trends.

|

Inherent variation of the Earth’s upper atmosphere ?



4. Discussion

4.2 Comparison of the analysis result of the previous works
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4. Discussion

4.3 Implication of the Sg and F10.7 relationship
1981-1985 Balan et al., 1993

Relation between the F10.7 index
and Sg amplitude
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| 4. Discussion
4.4 Relatlonshlp between the F10.7 index and EUV flux
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Relationship between the F10.7 index and EUV flux is not linear, and
Increasing rate of the EUV flux tends to decrease for high F10.7 value of
more than 150-180.



4. Discussion

4.5 Relationship between the EUV flux and Sq amplitude
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5. Conclusion

OWe investigated solar activity dependence and trends of the Sq fields using
the long-term observation data of solar F10.7 index and geomagnetic field
during 1950-2010. The analysis results and conclusion are summarized
below.

1. The amplitude of the Sq field varies with strong dependence on 11-yr solar
activity, and tends to increase with increase of the solar F10.7 index.

2. The long-term trends in the residual Sq amplitude calculating the second-
order fitting curves between 1-month average F10.7 index and Sq
amplitude do not always show a positive value during this period. They
show negative and positive variations with the period of 20 years.

3. The trends in the residual Sgp amplitude driven by polar ionospheric
convection generated by interaction between solar wind and
magnetosphere also show the same tendency of the Sq amplitude in low
and middle latitudes. The global trends of the Sg and Sgp amplitudes
reflect on inherent variation of the Earth’s upper atmosphere.

4. Relationship between the F10.7, EUV solar fluxes and Sq amplitude is
nonlinear, which shows that increase rate of the Sg amplitude tends to
decrease with increase of the F10.7 index.



6. Future works

1. A quantiative evaluation of the long-term trends in the Sq field
using the ionospheric conductivity model.

From correlation analysis between the Sq amplitude and ionospheric
conductivity, we quantitatively evaluate the contribution of inherent
variations in the upper atmosphere. In this analysis, we exclude the effects
of season and secular variation of the ambient magnetic field.

2. Correlation analysis between the Sq amplitude and neutral wind in
the lower thermosphere and mesosphere.

We clarify the relationship between the long-term variations of the Sq
amplitude and neutral wind in the MLT region. In this analysis, we
calculate the residual neutral wind from the second-oder fitting curve
between the F10.7 index and neutral wind. Here, we will use wind data
obtained from the MF and meteor wind radars over Indonesia and
Shigaraki MU radar.



