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Abstract

“Polar Seismology” has been developed since the International Geophysical Year (IGY
1957-1958) and contributed significantly to global seismology in particular through
the big project of the International Polar Year (IPY 2007-2008). At present, in the first
stage of the twenty-first century, “polar regions” play an important role to monitor and
understand the drastic variations in the Earth’s system as well as to advance the inter-
disciplinary studies of the interactions among multispheres within the system.

Keywords: global seismology, polar region, wave propagation, global network, Earth’s
system

1. Contributions to global seismology

Various kinds of temporal-spatial heterogeneities and their dynamic features from the surface
layers to the center of the Earth by using the seismological data obtained from the polar region
are summarized in this special issue. High-density geophysical station networks deployed
during the IPY in bipolar regions contributed to many kinds of research studies: static struc-
ture related to the Earth’s history; earthquake occurrence mechanism; inner deformation of
lithospheric plates; crustal uplift involving deglaciation, plate motion, and seismic isotropy;
and other topics in terms of surface dynamics of the Earth’s environment. Moreover, by utiliz-
ing the Internet facilities and other useful computer and information technology tools, real-
time data transmission from the remote areas of the polar region to all the other locations in
global networks, as well as conducting real-time monitoring of variations in the solid Earth
viewed from high latitudes, shall be successful. In addition, facilitating disaster prevention on
a global scale could be achieved from the tentative “frontier region” of the Earth.
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Within the complex system consisting of the solid Earth and adjacent spheres of the Earth, it
is essential to collaborate with interdisciplinary approaches, not only by the seismological
community but also by the other science branches, to promote fruitful scientific achievements
regarding the physical interaction of the multisphere subsystems and the associated field opera-
tions. In the bipolar region, a big project named the International Polar Year (IPY 2007-2008) was
conducted with various kinds of scientific activities; a significant number of new founds were
identified, and interdisciplinary and international collaborations were strongly promoted. The
Japanese polar scientists took the initiatives in various categories of activities [1]. However, the
IPY was one of the waypoints to be passed through for the long-term monitoring of the Earth’s
environmental system in the twenty-first century. It is necessary to conduct the long-duration
international programs in various categories: searching for new fundamental founds for the
development of research and observation methodology and logistic platforms, preserving and
providing the retrieved data, and so on.

In Antarctica, the geophysical network stations deployed by the Antarctica’s Gamburtsev
Province (AGAP) of the Gamburtsev Mountain Seismic Experiment (GAMSEIS) and the Polar
Earth Observing Network (POLENET) including the Dome-F station have existed. In addi-
tion to the Arcticc POLENET and GLISN have been established during the IPY and beyond
(Figure 1). These stations in the bipolar region contributed to the studies of the inner structure
of the Earth and the earthquake source mechanism with a fine time-space resolution [3]. The
inland plateau stations such as Dome-A, -C, and -F have significance not only to the global
networks (for instance, FDSN; see Chapters 1 and 2) but also to the regional observation sys-
tems in the Antarctic continent and the surrounding Southern Ocean. It is essential to continue
observations at these inland plateau stations in addition to the coastal permanent ones such
as the Syowa Station, in order to monitor the seismicity of tectonic and glacial earthquakes in
the vicinity of the local area along the Antarctic Plate.

Network map for GLISN - 2011/01/20 to 2599/12/31 - Clear timewin
Usage Greenland Icesheet Monitoring Network
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Figure 1. (Left) Distribution of seismic stations in the Arctic (red triangles: IRIS/DMS and PASSCAL) (modified after
Kanao et al. [2]). The green circles represent the hypocenters during 1990-2004. (Right) Station distribution of GLISN in
2011 (by IRIS/DMS). (Left) Open Access Journal (CC BY 3.0) (first author is M. Kanao). (Right) Copyright http://www.
iris.edu/hq/.
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2. Global seismic wave propagation

Before and after the IPY, there were several research studies concerning seismic wave propa-
gation on a global scale by using the data from the polar region.

Loading and gravitational effects of the 2004 Indian Ocean tsunami waves were investigated
by using the broadband seismographs and superconducting gravity meter at Syowa Station,
Antarctica [4]. T phases and the short-period resonance mode inside the Liitzow-Holm Bay
(LHB) were studied in order to define the elastic parameters concerning the free oscillation
of the Earth. The sea-level changes generated by tsunami waves from the Sumatra-Andaman
earthquake on December 2004 were clearly recorded by seismographs at the coastal stations
in the Antarctic such as the Syowa Station, giving fundamental information on detecting
the long-period oceanic variations and nonstatic events and signals from the deep interiors
of the Earth. The ocean bottom pressure gage deployed at the offshore of LHB, moreover,
detected the low-frequency static variations [5]. The oceanic expansion area between the cir-
cular Antarctic current and the coastal flows of the continent has a role in creating horizontal
expansion and upwelling of the oceanic water. The ocean bottom pressure gage observations
revealed the features of oceanic mass transportation of the area. Future the further progress in
understanding the oceanic mass circulation along the coastal regions of Antarctica is expected
in future.

By using the broadband seismic data of Antarctica, the 2008 Eastern Sichuan earthquake
(M 7.9) simulated waveforms at Syowa Station, which were compared by utilizing the “Earth
simulator” infrastructure [6]. May 30, 2015, Bonin Islands, Japan deep earthquake (M 7.8) was
also recorded at the broadband seismographic station in the Greenland ice sheet (Tsuboi, 2017,
personal communication). They applied the waveform inversion technique to obtain a slip
distribution in the source fault of May 30, 2015, Bonin Islands, Japan earthquake (M 7.8, 680-
km depth). They obtained a source rupture model for both nodal planes with a high dip angle
(74°) and a low dip angle (26°) and compared the synthetic seismograms with observations to
determine the most precise source rupture model. Comparisons of synthetic waveforms with
the observations at the Greenland ice-sheet station, ICESG (epicentral distance 83.4°), showed
that the arrival time of the P wave for a depth of 680 km matched well, suggesting the earthquake
occurred below the 660-km seismic discontinuity. In their forward simulations, the source rup-
ture model with a low-angle fault dipping was likely to better explain the observations.

Moreover, the quasi-axisymmetric finite-difference method was developed involving a realis-
tic and an efficient modeling of regional and global seismic wavefields, by applying the data-
set of Antarctica [7]. The new method can be utilized for unique points such as the poles of the
globe, together with an investigation of the effect of the existence of the ice sheet. The estima-
tion of the inner structure of the Earth by using the quasi-axisymmetric method was actually
acquired through the broadband seismic data from AGAP/POLENET [8]. The same wave
modeling method was expanded to the local area and applied to the data from Greenland
(GLISN; see Chapters 2 and 7) [9] (Figure 2). By adding the information on the thickness of
the ice sheet and bedrock topography, the generating scheme of the waves propagating inside
the ice sheet (the “ice waves”) was theoretically demonstrated.
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Figure 2. Observed and theoretical seismic waveforms at the GLISN stations (hypocenter); Fiji earthquake (Sep 15,
2011; M = 7.3 and depth = 630 km) (modified after Toyokuni et al. [9]). Copyright Clearance Center (CCC, http://www.
copyright.com/). License number: 4280481114467, license date: February 1, 2018.

Regarding the studies of deep interiors, the latitude dependence on the intrinsic frequencies
of the Earth’s free oscillation (S, ,S, and S,) in bipolar regions was investigated by using
both broadband seismographs and superconducting gravity meters [10]. The results could
not identify the latitude dependence; however, they could constrain the estimation of the
heterogeneous structure at the lowermost mantle D” layer.

These series of seismological achievements during the IPY in terms of global aspects were
partially summarized in the special issue on “Polar Science” [3].

3. Contributions to the global network

Over the last few decades, to establish a continuous monitoring system for the nuclear
tests, a global distribution of seismic and infrasound networks has been established by the
Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) [11] (Figure 3). One of the
objectives of CTBTO is to estimate the detection and location capabilities of the networks
at the regional and global distances, and the second is to explore the ways to improve these
capabilities and enhance the understanding of seismic/infrasonic wave propagation through
the solid Earth/atmosphere of the observed events. At present, CIBTO has 60 infrasound sta-
tions, each containing at least 4 sensors (arrayed stations), which can detect a several-kiloton
TNT-level explosion at a range of ~1000 km. Although the full capability of the global infra-
sonic network has not yet been established, it could be adequate for monitoring nuclear tests
but too sparse for analyzing natural infrasound phenomena in detail. Therefore, increasing
the number of stations in the Antarctic and the Arctic, inside or outside CTBTO, could firmly
be efficient to contribute in accumulating the precious data viewed from a high latitude in
addition to the low-middle latitude regions.
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Figure 3. (Upper) Global distribution of the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) network.
(Lower) From left to right: an infrasound station photo at 155US in West Antarctica, a test running observation at Tohoku
University in Japan, and a station distribution in the Antarctic, respectively (modified after Kanao et al. [12]). (Left) Open
Access Journal (CC BY 3.0) (first author is M. Kanao).

In addition to the seismic and hydroacoustic networks, infrasound stations in the Antarctic could
firmly contribute to both CTBTO and the Pan-Antarctic Observations System (PAntOS) under
the Scientific Committee on Antarctic Research (SCAR) of the International Council for Science
(ICSU). In order to understand the property of wave propagation within the ocean, hydroacous-
tic observations would be required from a sufficient number of stations. Hydrophone array
observations, for example, were already recorded to investigate seismicity and sea-ice dynamics
around the Bransfield Strait, Antarctic Peninsula [13]. Multidisciplinary observations composed
of the data from seismic, infrasound, and hydroacoustic sensors would be required for under-
standing the physical interactions among the atmosphere-ocean-cryosphere-geosphere systems
and the temporal-spatial variations in the polar region in more detail. It is also expected that
a large quantity of data detected by these three types of sensors accumulated over the past
decades by CTBTO will be distributed to the relevant scientific community efficiently.

4. Summary

As treated in several chapters of this special issue on “Polar Seismology,” there are a lot of
reports to find the characteristic seismic and infrasound vibrations of the solid Earth involving
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the disturbance and variations in ice sheets, sea ices, oceans, and the atmosphere in the polar
region. It is a crucial task to realize the physical processes between the solid Earth and the sur-
rounding environments in terms of the recent climate changes such as global warming; that
is, the evolution of sea ices and the dynamics of ice sheets and glacial earthquake activities are
now carried out in the surface layers of the polar region.

The next step for “Polar Seismology” after the IPY could be the interdisciplinary research
studies combining seismic, infrasound, and acoustic waves and the other significant science
disciplines such as geodesy, geology, and glaciology. Moreover, data assimilations, statistic
approaches, and other interdisciplinary methodologies might be useful. In addition, based
on the significance of long-term monitoring at permanent stations such as Syowa Station, the
future perspectives and the improvement of the conditions of the observation infrastructures
are required to be considered. The “Polar Region,” as one of the remaining frontiers of the
Earth, could surely provide an effective scientific platform to achieve sophisticated knowl-
edge for the evolving environments in the twenty-first century after the IPY. In future, the
efficient efforts by the next generations in global seismology are also expected.

Finally, the author would like to express his sincere appreciation to the InTech Publisher Co.
for the preparation of this special issue on “Polar Seismology.” He also acknowledges
Dr. Genti Toyokuni of Tohoku University and Dr. Mitsuru Matsumura of Nagoya University
for their sincere cooperation in providing a part of illustration in this chapter. The author
expresses his deep gratitude to all the colleagues and coresearchers in the polar seismological
community around the world to prepare this monograph on the special issue.
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