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Synthetic Aperture Radar (SAR) has been around for
more than 40 years. The first civilian-use SAR satellite
was SeaSat, launched by National Aeronautics Space
Administration (NASA) in 1978 to monitor Earth’s
oceans. In early 1990s, we realized that SAR Interfer-
ometry (InSAR) is a powerful tool in delineating Earth’s
topography and deformation (e.g., Massonnet et al. 1993)
because SAR can image broad areas with a high spatial
resolution on the order of 10 m or less without a require-
ment of ground-based instruments. The advantage of
SAR as a powerful imaging tool is also because it works
day and night regardless of clouds.

SAR images taken from L-band satellites complement
satellites at shorter wavelengths such as C- and X-bands.
L-band SAR has lower resolution than C- and X-band
images but are more coherent over time, especially in
vegetated regions. L-band SAR data are typically easier
to unwrap because of higher coherence and fewer fringes,
but more susceptible to ionospheric effects.

L-band SAR satellites for InSAR include JERS-1 (1992—
1998), ALOS (2006-2011), ALOS-2 (2014—present), and
SAOCOM-1 (2017-present), which have a recurrence
time of order a few weeks. Such recurrence times do not
allow monitoring with high temporal resolution. How-
ever, after the launch of ALOS-4, NISAR, and Tandem-L
in the next few years, we will be able to monitor Earth’s
surface every few days with L-band SAR. Therefore, the
time is ripe to review what we have learned from previ-
ous and ongoing L-band missions, either spaceborne
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or airborne and what we expect to learn from future
missions.

This special issue consists of 11 papers on various top-
ics, including earthquake and volcano deformation, land
subsidence, landslide, and permafrost.

SAR images revealed that an earthquake rupture is
almost always more complicated than a shear failure on
a planar fault. SAR images have demonstrated that an
earthquake rupture accompanies off-fault cracks and
lineaments. Fujiwara et al. (2020) reviewed the observa-
tions of such secondary features associated with several
onshore earthquakes in the last 25 years. The geometry of
the faults on which triggered shallow slip occurs is vari-
able; some faults are parallel to the main fault, and some
are oblique or perpendicular to the main fault. However,
they found some common features that tend to occur
on pre-existing weakness. Therefore, a large earthquake
in the future would also trigger shallow slips at the same
location.

Hashimoto (2020) and Ishitsuka et al. (2020) inves-
tigated the 2016 Kumamoto earthquake (M, =7.0).
Hashimoto (2020) investigated the first two years of post-
seismic deformation from ALOS-2 images. He noticed
that the L-band SAR images are coherent even if image
pairs are separated for 2 years. He also noticed that some
images are susceptible to ionospheric perturbations. The
observed deformation field is complex; the time constant
of displacement decay varies between 30 to 600 days in
different locations, indicating that the observed defor-
mation results from multiple origins. Afterslip with a
mixed right-lateral normal faulting mechanism explains
much of the observed deformation field, but the after-
slip cannot explain observed deformation in some areas
(Table 1).
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Table 1 List of SAR missions

Satellite Band Agency Period
Seasat L US DoD 1978

ERS-1 C ESA 1992-1996
JERS-1 L JAXA 1992-1998
RADARSAT-1 C CSA 1995-2013
ERS-2 C ESA 1996-2011
SRTM C X NASA 2000

ENVISAT C ESA 2002-2011
ALOS L JAXA 2006-2011
RADARSAT-2 C CSA 2007-present
TerraSAR-X X DLR 2007-present
COSMO-SkyMed X ASI 2007-present
TanDEM-X X DLR 2010—-present
ALOS-2 L JAXA 2014-present
Sentinel-1 C ESA 2014-present
SAOCOM L CONAE/ASI 2017—-present
NISAR L NASA/ISRO 2021 (planned)
ALOS-4 L JAXA 2022 (planned)
Tandem-L L DLR (planned)

Ishitsuka et al. (2020) also investigated the postseismic
deformation of the Kumamoto earthquakes, as Hashi-
moto (2020) did. They processed Sentinel-1 and ALOS-2
images to gain temporal resolution and detected defor-
mation associated with groundwater movement. They
interpreted postseismic subsidence which correlates with
postseismic groundwater drawdown. They also detected
seasonal deformation, which correlates with the seasonal
variation of water level. The amplitude of seasonal defor-
mation increased after the Kumamoto earthquake. These
findings suggest that the Kumamoto earthquake changed
aquifer permeability, compressibility, or both, leading
to enhanced deformation associated with groundwater
movement.

Fukushima et al. (2019) investigated another onshore
earthquake, the 2017 Ormoc (M,,=6.5), on the creeping
Philippine fault in Leyte island, the Philippines. They pro-
cessed ALOS and ALOS-2 images to find that the Philip-
pine fault is creeping with a rate of 33 +11 mm/year in
the northern and central part of the Leyte island except
for the locked portion where the Ormoc earthquake took
place. An investigation of teleseismic records of the 1947
earthquake (M;=6.9) revealed that the Ormoc earth-
quake and the 1947 earthquake exhibit the repeating rup-
ture within the same locked patch. They also inferred that
the 1947 earthquake of M,=6.9 is nearly the maximum
earthquake the Philippine fault can generate in the north-
ern and central Leyte island. Their study demonstrates
the utility of SAR images to assess large earthquakes
along creeping faults.
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InSAR is a powerful tool to investigate moderate-sized
(M<6.5) earthquakes when local and regional seismic
data are not available. Ghayournajarkar and Fukushima
(2020) demonstrated another example with the 2017
Sefid Sang, northern Iran, earthquake (M, =6.1) from
ALOS-2 and Sentinel-1 images. The observed displace-
ment field fits well with both northeast- and south-
west-dipping faults, but the aftershock distribution and
orientation of active faults led them to conclude that
the northeast-dipping fault is more favorable than the
southwest-dipping fault. Their study demonstrates the
utility of SAR images to investigate middle-sized earth-
quakes. Simultaneously, it demonstrates the difficulty in
constraining which of two conjugate planes is responsible
for the earthquake even with interferograms from both
ascending and descending images.

Wang et al. (2019) and Narita et al. (2020) investigated
volcano deformation. Wang et al. (2019) measured sur-
face deformation near the vent of Asama Volcano, Japan,
during its relatively dormant period (2014-2018). They
employed not only ALOS-2 but also Sentinel-1 images
to take advantage of more frequent acquisitions. Their
time series analysis revealed surface deformation of up to
7 mm/year to the northeast and southeast of the summit.
The surface deformation to the southeast of the sum-
mit is likely due to flank sliding, while the origin of that
to the northeast of the summit is ambiguous. Although
the area coincides with the lava deposit by a previous
large eruption, thermal contraction is not responsible for
this observed deformation because a theoretical consid-
eration indicates the observed thermal contraction there
should be negligible by now. The origin of the deforma-
tion there is either by flank sliding or due to hydrother-
mal activity. Flank sliding to the northeast of the summit
should be northward, but the insensitivity to north—south
displacements of spaceborne InSAR prevents the authors
from confirming that the observed displacements there
are due to flank sliding.

Narita et al. (2020) measured surface deformation
between 2014 and 2018 from ALOS-2 and airborne Pi-
SAR-L2 images. Utilizing airborne SAR images takes
advantage of delineating arbitrary components of dis-
placements, while interferograms from spaceborne
SAR images are insensitive to north—south displace-
ments because of the polar orbit of the satellite. The
observed three-dimensional displacement field and its
temporal evolution led Narita et al. (2020) to postulate
two hydrothermal reservoirs at ~ 150 and ~ 700 m below
sea level, with an impermeable bed between them. They
interpreted that accelerating flux of hydrothermal fluid
from depth to the deeper reservoir led to accelerating
flux of hydrothermal fluid from the deeper to shallower
reservoir. They concluded that the pressurization of
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the shallower reservoir triggered a phreatic eruption in
April 2018.

Various origins, including earthquake shaking and
heavy rainfall, trigger landslides. SAR is a useful tool to
detect and monitor landslides because of its high spa-
tial resolution. Takada and Motono (2020) investigated
details of a large landslide site at Mt. Onnebetsu-dake,
northeastern Japan, in the last~25 years from JERS-
1, ALOS, and ALOS-2 images. The landslide veloc-
ity changes over time with a maximum of 60 mm/
year of eastward velocity and ~20 mm/year of subsid-
ence between 2014 and 2017. They interpreted that
this velocity increase is due to increased pore pres-
sure resulting from elevated annual rainfall during
that period. They also found a shorter-term increase
of landslide velocity in August 2016, by heavy rainfall.
These observations indicate that both long- and short-
term variations of rainfall affect the dynamics of land-
slides. The internal deformation within the landslide
site indicates that the gravitational forces primarily
drive the landslide.

While Takada and Motono (2020) focused on the
dynamics of landslides, Ohki et al. (2020) focused on
detecting landslides. They combined SAR polarimetry
(PolSAR), InSAR, and Digital Elevation Model (DEM), to
develop an algorithm to detect landslides. They applied
their method to landslides by the 2017 heavy rainfall in
northern Kyushu, Japan, and the 2018 Hokkaido Eastern
Iburi, Japan, earthquake to find that polarimetric param-
eters, e.g., the alpha angle and Pauli components, are
good indicators to discriminate damaged areas. They also
found that supervised classification with PolSAR, InSAR,
and DEM works well, although the classification accuracy
depends on the training data’s geological characteristics.
These findings demonstrate the utility of SAR images to
detect landslides quickly.

Recent global warming causes ground deformation
due to excess melting of ground ice, and the processes
to form subsequent terrain are called thermokarst. Abe
et al. (2020) mapped subsidence due to thermokarst in
Central Yakutia, Russia, with ALOS and ALOS-2 images.
They detected a subsidence of 5-30 mm/year with sea-
sonal variation in deforested areas, while the deformation
in forested regions is negligible. This difference is consist-
ent with the thermokarst dynamics through freezing and
thawing. Also, the observation from the SAR images is
consistent with field measurements and optical images.
They found that L-band SAR images are useful in long-
term monitoring permafrost areas because of persistent
coherence.

Land subsidence of natural and anthropogenic ori-
gin, as well as global warming, is an issue that threatens
human life. Herrera-Garcia et al. (2021) recently reported
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that land subsidence would pose 635 million people at
risk by 2040. SAR is a powerful tool to detect and moni-
tor land subsidence because of its high spatial resolution.
Li et al. (2020) found from ALOS images that more than
122 km? of the Pearl River Delta, southern China, sub-
sided by more than 30 mm/year between 2006 and 2011.
In particular, the front part of the delta and the coastal
area were subsiding by more than 50 mm/year. These
observations led Li et al. (2020) to interpret that the sub-
sidence is partly due to the thick, soft soil layer and partly
due to human interference, such as reclamation, ground-
water extraction, and urban construction.

This special issue demonstrates the utility of SAR
images, L-band SAR images in particular, for various
Earth Science applications including, but not limited
to, earthquake and volcano deformation, landslide, gla-
ciology, and land subsidence. In the next few years, the
launch of new L-band satellites, including ALOS-4,
NISAR, and Tandem-L, will give us a powerful new tool
with which to make exciting discoveries, in particular by
combining these L-band images with pre-existing C- and
X-band SAR images.
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