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Remote sensing and geophysical surveying are potentially complementary for characterization and monitoring of landslide
processes and offer the possibility of arranging a suitable combination of applications to effectively infer and correlate
surface/subsurface information needed for numerical and conceptual models of slope instabilities, Their potential to provide
integrated information about geometry, properties and deformation changes has not always been fully exploited. The access
to high-performance computers and electronic devices makes the data treatment fast and available for most budgets,
opening new possibilities.,

The progress in digital photogrammetry and cartography, in GPS surveying, in multi-temporal Synthetic Aperture Radar
differential interferometry (DINSAR), the avallability of high spatial resolution airborne or terrestrial LIDAR data, optical and
radar satellite imagery, as well as future launches of sophisticated satellite systems (e.q. SENTINEL), hold the premise for
ever increasing use of remote sensing and Earth Observation (EO) data in landslide investigations. In particular, it is
expected that the exploitation of data from new radar sensors suitably integrated with GPS, laser scanner and in situ
information will improve significantly our current capabilities to detect and monitor ground deformations related to slope
instability phenomena. Similarly, the progress in geophysical data processing and interpretation methods make now largely
affordable sophisticated techniques like seismic reflection, surface waves analysis and tomography (both seismic and
electrical)..

This session Is intended to provide an overview of the progress of air- and space-borne EOQ applications, as well as of
surface- and borehole-based geophysical information for landslide investigations. A special emphasis is expected about the
interpretation and the use of data to characterize slope material, geometrical and mechanical properties, the depth of water
table, saturation conditions and deformation. The discussion of experiences and methods that integrate data from remote
sensing and geophysics with other survey types are highly encouraged, especially with regard to their use in modeling and
monitoring of landslide behavior, as well as in early-waming efforts.
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Detection and Volume Estimation of Large Landslides by Using
Multi-temporal Remote Sensing Data

Yu-chung Hsieh (1,2), Chin-Shyong Hou (2), Yu-Chang Chan (3), Jyr-Ching Hu (1), Li-Yuan Fei (2), Hung-Jen
Chen (2), and Cheng-Lung Chiu (2)

(1) Department of Geosciences, National Taiwan University, Taipel, Taiwan (hsichyc @moeacgs.gov.tw), (2) Central
Geological Survey, MOEA. New Taipei City, Taiwan, (3) Institute of Earth Sciences, Academia Sinica , Taipei, Taiwan

Large landslides are frequently triggered by strong earthquakes and heavy rainfalls in the mountainous areas of
Taiwan. The heavy rainfall brought by the Typhoon Morakot has triggered a large amount of landslides. The most
unfortunate case occurred in the Xiaolin village, which was totally demolished by a catastrophic landslide in less
than a minute. Continued and detailed study of the characteristics of large landslides is urgently needed to mitigate
loss of lives and properties in the future. Traditionally known techniques cannot effectively extract landslide param-
eters. such as depth, amount and volume, which are essential in all the phases of landslide assessment. In addition,
itis very important to record the changes of landslide deposits after the landslide events as accurately as possible to
better understand the landslide erosion process. The acquisition of digital elevation models (DEMs) is considered
necessary for achieving accurate, effective and quantitative landslide assessments. A new technique is presented
in this study for quickly assessing extensive areas of large landslides. The technique uses DEMs extracted from
several remote sensing approaches, including aerial photogrammetry, airborne LiDAR and UAV photogrammetry.
We chose a large landslide event that occurred after Typhoon Sinlaku in Meiyuan the mount, central Taiwan in
2008, We collected and processed six data sets, including aerial photos, airborne LiDAR data and UAVphotos,
at different times from 2005 to 2013. Our analyses show the landslide volume being 17.14 x 10 cubic meters,
deposition volume being 12.75 x 10" cubic meters, and about 4,38 x 10" cubic meters being washed out of the
region, Residual deposition ratio of this area is about 74% in 2008; while, after a few years, the residual deposition
ratio is down below 50%. We also analyzed riverbed changes and sediment transfer patterns from 2005 to 2013
by multi-temporal remote sensing data with desirable accuracy. The developed technique will support damage and
risk assessments of large landslides because the volume difference, rverbed change, and sediment migration can
be quantitatively and accurately determined by a combination of multi-temporal remote sensing approaches.
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Using airborne LiDAR to investigated the bedrock incision in the Tsaoling
Landslide surface, Taiwan

Chin-Shyong Hou (1), Yi-Zhong Chen (1), Yu-Chung Hsieh (1,2), Rou-Fei Chen (3). and Ruo-Ying Wu ()

(1) Central Geological Survey, MOEA, New Taipei City, Taiwan (hsichyc@moeacgs.gov.tw), (2) Department of Geosciences,
National Taiwan University. (3) Department of Geology, Chinese Culture University, (4) Research Center for Applied
Sciences, Academia Sinica

In recent decades, a great number of studies have investigated the tectonic topographic evolution and development
of active orogenic belts that cause the dynamics related to a variety of terrain features. In particular, the incision of
bedrock via erosion by rivers plays a crucial research role. Erosion gullies reflect the incision of bedrock by rivers
during the tectonic and topographic evolution of active orogenic zones: however, a limited amount of measurement
data is currently available. Therefore, this study explored the incision erosion rate of different lithologies in the
collapsed surface of a landslide induced by the 1999 Chi-chi earthquake in the Tsaoling area. This study uses the
1 m high-resolution DEM established by the Central Geological Survey via airborne LiDAR, organized by the
Ministry of Economic Affairs (MOEA. In this study, we investigated the distribution of erosion gullies produced
in different rock formations by the Tsaoling landslide based on an openness analysis using a red relief image map
(RRIM) and calculated the bedrock incision rate for the Cholan Formation and Chishui Shale for 1999, 2011 and
2012, which was 30-40 cm/yr and 54-90 cm/yr on average, respectively. These results indicated that the Cholan
Formation has a higher resistance to erosion than the Chishui Shale, where the erosion was more serious.

Using airborne LIDAR to investigated the bedrock incision in the Tsaoling
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