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Abstract

Typhoon Morakot caused several large-scale landslides in Taiwan
during 2009. The Central Geological Survey of Ministry of Economic
Affairs has investigated the affected slopes using airborne LiDAR DEM
and has found gravitational slope deformation features in many of the sites.
However, it is still unclear whether these feature-rich potential large-scale

landslides will turn into fast-moving catastrophic landslides.

This study integrated several advanced observation techniques to
monitor the activities of large-scale slopes. The multi-temporal ALOS and
ALOS-2 images were calculated by TCP-InSAR technique to reveal the
slope deformation. UAV-borne camera and LiDAR were employed to
collect high resolution optical images and high point density data,
respectively, of several slopes. The 1 m resolution Taiwan LiDAR DEM
and DSM data, collected in 2010 - 2015, were mosaicked and rendered for
visualization. Single frequency GPS techniques was applied to monitor the
surface deformation of 5 slopes in Zhulin, Tavatavang, Chashan, Fanfan,
and Chesinlun, respectively. By combining the information collected from
aforementioned monitoring techniques, the prediction for the activities of
the potential large-scale landslides are attempted. The results can be used
as guidelines for updating the zoning of geologically sensitive region for
landslide.

This project has adopted the satellite imagery of ALOS (2007-2011)
and ALOS2 (2014-2018) to estimate the average long-term ground
deformation rate and detailed deformation data of two selected deep-seated
landslide sites. Upon completion of the estimation of two selected key
slopes, we have completed the TCP calculation of their respective average
long-term deformation rate. Among them, the long-term deformation rate
of Site “Nantou County-Renai Township-D036” between 2007 to 2011 is -
40.3+£8.9 mm/yr based on the ALOS ascending data; and between 2014 to
2018 is -20.5+1.6 mm/yr based on the ALOS2 ascending data. As for Site

“Kaohsiung City-Liugui District-Zhulin area”, its long-term deformation



rate between 2007 to 2011 is -7.9+6.8 mm/yr based on the ALOS ascending
data; and between 2014 to 2018 is -18+2.7mm/yr based on the ALOS2

ascending data.

The precision of the estimated deformation data of these two slops
are examined and verified using nearby cGPS data. Site “Nantou County-
Renai Township-D036” has used Station MFEN as its referential GPS
station. The difference between the values obtained through the
measurement of Station LSAN with ALOS data is 1.1£3.4mm and with
ALOS2 data is 14.6+6.2mm data. The difference between the values
obtained through the measurement of Station HUAN with ALOS data is
15.7£11mm and with ALOS2 data is 7.4+4.6mm data. Site “Kaohsiung
City-Liugui District-Zhulin area” has used Station PAOL as its referential
GPS station. The difference between the values obtained through the
measurement of Station TAYN with ALOS data is 13.4+9.4mm and with
ALOS2 data is -14.2+£7.6mm data. The difference between the values
obtained through the measurement of Station GS52 with ALOS data is
34.7£16.1lmm and with ALOS2 data is 1.6+8.1mm data. In addition, we
completed the installation of 7 ground corner reflectors at Site “Yunlin
County-Gukeng Township-D008”. Together with the 3 corner reflectors

established last year, there are 10 corner reflectors installed at this site.

The UAS LiDAR system has been completely integrated. This year,
the LiDAR scanning mission of the Kaohsiung Zhulin area has been
completed, for an area about 57 hectares. The landslide micro
morphotectonic analysis is completed, accordingly. The landslide
associated geological structure lineament is completed, especially for the
scarp lines near the crown area, and the hummocky terrain caused by the
deformation of the landslide area can be clearly demonstrated. Using the
particle image velocimetry (PIV) method to analyze the topographic
deformation in Zhulin area, the results indicate that since 2010 the area is
still in motion, both for the horizontal and vertical deformation. For the
Fanfan area, the UAS optical imagery and UAS LiDAR scanning is

accomplish, the detail structural analysis will be completed in the next



year's project. Accompanied with the UAS LiDAR scanning in Zhulin
mission, the fixed-wing drones are also used to carry out for geoinformatic
dataset production. Three missions, in July, December 2018, and in June
2019, finished in Zhulin and Baolai area with an area over 30 Km2. The
Tsaoling landslide UAS imagery missions in September 1, 2018, and in
October 2019 have been completed. Through the UAS mission in Tsaoling
area since 2016, the results indicate that the area 1s continue deformed and

remains active. As a result, it is still worthwhile to be monitor continuously.

There are 897 tiles with 1/5000 scale of the 1m Taiwan LiDAR DEM
mosaicked and rendered for this project. Specifically, the water area
topology, hillshade map of DEM/DSM, LiDAR quality map, gradient map,
down-sampled resolution DEM/DSM are produced. The comparison
between UAV and airborne LiDAR data was conducted as previous year.
Quantitative comparison was conducted according to reviewer comments.
The SOP of UAV LiDAR were also completed. This year is the 10th
anniversary of Typhoon Morakot causing devastating hazard in Taiwan.
Results of this project were showcased along with 6 other large-scale
landslide related projects at National Science and Technology Museum on

9th of August in 2 sessions. Presentations regarding the data production of
CGS-lead Taiwan LiDAR DEM project were given.

Single frequency GPS observation system has been made use for
surface deformation analysis of 5 slopes by Central Geology
Survey.Receivers were installed on the slope surfaces to increase the data
density.System maintenance and data collection are continuous
operating. With daily deformation and rainfall data, the relationship
between rainfall and deformation has been analyzed to evaluate time and
spatial variation.Finally, the system is making use to identify the activity

of the potential deep-seated landslide area.






