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Key Points

- The previously observed and statistically-modelled patterns of solar polar fields (SPF)
extremes and reversals triggering large earthquakes continued in 2014 and 2015.

- Only one of the ten largest earthquakes failed to demonstrate any correlation with the
activity of the sun’s interplanetary magnetic fields.

- Coronal holes offer a promising candidate for future research into the mechanism by
which the sun’s interplanetary magnetic fields may trigger earthquakes.

Introduction
In October 2015, a study was published comparing the solar polar fields (SPF) data to the

earthquake archives from the United States Geological Survey. (Davidson 2015[1]). The team
found that a statistically significant relationship exists between both peaks in magnetism and



magnetic reversals of the SPF, and the largest (M8+) earthquakes during the data period of the
SPF available at that time (1976-2013).

The impetus to conduct that study was daily solar and seismic observations made for a
solar/earth news program produced by Space Weather News (SWN). After three years of
reporting on daily solar activity, extreme earth weather, and seismic activity, a pattern had
become apparent to SWN, and to many of the viewers, whereby periods of increased
earthquake activity (normally 2-4 days) seemed to occur during periods when coronal holes
were crossing the center heliographic longitudes, and ended before the solar wind streams from
those coronal holes arrived at earth.

Currently, no quantitative coronal hole data exists, only qualitative lists of coronal hole numbers,
dates, and polarity. Current methods do not attempt to measure the size and position of the
coronal hole; larger, transequatorial coronal holes are more likely to be geoeffective. The only
quantitative measure of coronal hole magnetic fields is the SPF data from Stanford’s Wilcox
Solar Observatory (WSO), which is restricted to the IMF near the 55th latitude of the solar poles,
measured at the heliographic longitude directly facing earth, and is given in 10-day averages.
We propose, and will conduct the implementation of, a method for quantifying the earthquake
geo-effectiveness of a coronal hole based on its size and position.

In a separate study, a shorter but significant peak in magnetism over a six day period, leading
up to a M8.3 earthquake in Chile on September 16, 2015, was inferred from solar wind speed
(SWS) data provided by the National Solar Observatory (NSO). (Davidson 2015 [2]). The SWS
fluctuation took place within an earth-facing coronal hole opening, and was too short to be
captured in SPF data that is averaged over ten days.

While the mechanism of action that triggers these earthquakes is not exactly known, we can
continue to evaluate the initial model in the time since the end of the analysis in Davidson 2015
[1], and we can further examine the solar phenomena associated with the IMF of coronal holes
present on days when significant earthquakes occur.

SPF, coronal holes, SWS, and large earthquakes during the operation of the Solar
Dynamics Observatory (SDO)

The SDO launched in February 2010 and began returning public data a few months later. The
satellite revolutionized the way we are able to look at the sun, and has allowed for
unprecedented detail in locating and tracking coronal holes. The first large earthquake to occur
during the tenure of the SDO was in Japan in March 2011. Each of the following images of the
sun is from NASA’s SDO/AIA in 211 Angstroms, accessed via helioviewer.org, and verified via
NASA/SDO archives.



March 11, 2011 - M9 Earthquake struck Honshu, Japan.

The largest earthquake of 2011 was the
M9 earthquake and tsunami disaster in
Japan on March 11th. This earthquake
occurred at the peak of positive
magnetism of the southern SPF.
(Davidson 2015 [1]). The southern coronal
hole seen here, which contained the
southern SPF, extends north across the
equator in the earth-facing position at the
time of the earthquake. It is unlikely that
the peaking strength measured in the SPF
stopped at the 55th latitude. It is more
likely that the IMF of this coronal hole were
strong at more-northern latitudes as well,
including those most-interacting with earth.
We will analyze the coronal holes for other
large earthquakes up to the present time.

April 11, 2012 - Two M8 Earthquakes struck Sumatra on the Same Day

The fish-shaped coronal hole here is all
northern fields, while the less obvious dark
area on the equator to the left of it is
actually an extension of the southern polar
coronal hole. It is rare to see two
transequatorial coronal holes of opposite
polarity fields in such close proximity. The
two largest earthquakes of 2012 both
struck on April 11th, M8.6 and M8.2, near
Sumatra. These earthquakes occurred
soon after a peak in positive southern SPF
magnetism (Davidson 2015 [1]) and it
represented the peak positive magnetism
of the combined SPF over a 10 year
period (WSO 2016).




February 6, 2013 - M8 Earthquake struck Solomon Islands

A M8 earthquake struck the Solomon Islands area on
February 6, 2013. Like the Sumatra earthquakes ten
months earlier, and the Japan earthquake in 2011, this
one also occurred during the peak in positive
magnetism of the southern SPF, and this one also
occurred during a positive peak of the combined SPF.
The combined SPF peak was the strongest positive
magnetism since April 2012, and has not been
matched as of March of 2016. The coronal hole on the
south here contained the SPF and associated IMF that
was peaking in strength.

May 24, 2013 - M8.3 Earthquake struck Eastern Russia

The largest earthquake of 2013 occurred on May 24,
2013, when a M8.3 earthquake struck the Kamchatka
peninsula of Russia. It occurred during the lone
southern magnetic reversal of this ~11-year solar
cycle. The southern SPF was positive on May 17th as
it had been all previous solar cycle, and it was
negative on May 27th. (WSO 2016). The coronal hole
on the north is easily visible in geoeffective position,
but there is also an extension of the southern polar
coronal hole seen as the dark stair-shaped area.

Although the northern SPF were unremarkable in the
10-day averages from the WSO, the SWS product
allows the method from Davidson 2015 [2] to be used
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