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Satellite remote sensing technology has been used in various fields such as resource exploration, agriculture,
forestry, environment, disaster prevention, and maintenance of social infrastructure. Earth observation satellite
instruments are optical sensors and Synthetic Aperture Radar (SAR). SAR is an active sensor using
microwaves and can observe day and night, in any weather conditions, it is regularly observed and the intensity|
and phase of the reflected radar waves can be obtained.

This paper aims to apply satellite SAR data to the field of maintenance and management of energy facilities,
and firstly, the applicability of displacement measurement, which determines displacement from changes in
the phase of reflected radar waves, is evaluated. The application of SAR data for displacement
measurement was discussed for external deformation monitoring of rockfill dams, slope
displacement monitoring (examples of application: slopes facing the lake of a dam, slopes with power
transmission towers, slopes with waterways for hydroelectric power, etc.), and land subsidence
monitoring (examples of application: land subsidence due to construction of tunnels, land subsidence
due to pumping of groundwater containing soluble natural gas, land subsidence due to pumping of
geothermal water for geothermal power generation, etc.).

The PSInSAR analysis method was applied because of its high displacement measurement accuracy, although it
requires a large number of observation data under the same conditions and only permanent scattering points are
measured. Sentinel-1 was used for the SAR data, which was observed under the same conditions at intervals of 12
days (6 days considering the two-unit system). The accuracy of displacement measurement using satellite SAR data
was verified for each application, because the accuracy of displacement measurement is an issue whether
displacement measurement using satellite SAR data can replace the current displacement measurement and whether
it can be applied in actual cases.

The accuracy of displacement measurement by PSInSAR analysis was verified by comparing the results of]
PSInSAR analysis with surveyed values for a rockfill dam that continuously measured external deformation with a
maximum displacement of about 1 cm and six rockfill dams that displaced a maximum of about 2 mm per year. In
the case of'a dam with no discontinuous deformation, it is proposed to confirm the behavior of the dam using moving
average data (three data sets), which can be measured with high accuracy. Furthermore, the applicability of the
PSInSAR analysis for the measurement of external deformation of rockfill dams using Sentinel-1 SAR data to
maintenance management is discussed.

Corner reflector that can be forced to displace was manufactured and installed, and the displacement measured
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by PSInSAR analysis using Sentinel-1 SAR data was compared with the actual displacement to verify the accuracy|
of displacement measurement by PSInSAR analysis at the location where the corner reflectors were installed.

Slope displacement monitoring of with displacements as small as 1 mm per month was carried out by PSInSAR
analysis using Sentinel-1SAR data. Small, inexpensive corner reflectors were installed to verify that displacement
measurement is possible at the corner reflectors as well as at the artificial structure locations.

The land subsidence measured by PSInSAR analysis using Sentinel-1 SAR data of descending orbit for 7 years
from January 2017 to January 2024 was compared with the result of level survey in Chiba prefecture to verify the
measurement accuracy of land subsidence in the eastern part of Chiba prefecture where the maximum land
subsidence is about 2 cm/year. The accuracy of annual mean displacement measurement in this analysis was
approximately 1 mm/year, which is more accurate than the accuracy verified in previous cases in the same area. The
PSInSAR analysis enables accurate monitoring of land subsidence over a wide area, and can be used in combination
with level surveying to rationalize the monitoring of land subsidence.

The second one, which utilizes changes in the intensity of SAR data, was studied to estimate the snow depth
based on changes in the intensity of SAR data.

Using Sentinel-1 SAR data, the estimation method of snow depth was studied and its accuracy was verified at
snow depth observation sites in the upper reaches of the Tone River in Gunma Prefecture. The estimation of snow
depth was confirmed to be possible based on the variation of backscattering coefficients of VV and VH polarization
with snow depth in the forested area in this region. The estimation accuracy of the snow depth below 400 cm based
on the backscatter coefficients for a 500 m meshed slope covered with trees was about 20 to 50 cm, indicating that

this method can be used to evaluate the snow cover situation over a wide watershed area for estimating snowmelt.
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