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Mapping snow cover extent from polarimetric imaging radar

Sang-Eun Park and Yoshio Yamaguchi

1. Introduction

Microwave remote sensing can provide timely information about snow parameters and their
temporal and spatial variability regardless of weather, time, and solar illumination. In addition,
microwaves can penetrate the snowpack, allowing us to obtain the bulk properties of a snowpack as
well as variations in other surface and subsurface features. Particularly, Synthetic Aperture Radar
(SAR) remote sensing allows snow observation with high spatial resolution. Most of previous studies
on mapping snow covered area have been carried out on the basis of the use of C-band or higher
frequencies due to their higher sensitivity to snow properties (e.g., [1][2]).

Since snow is a highly dynamic media in conjunction with energy fluxes, wind, moisture, water
vapor, and pressure, integrated observation of snow-covered areas from multi-frequency SAR data
can play an important role in mapping and monitoring snow properties and dynamics. This study
aims at elucidating the capability of L-band space-borne SAR for detection of seasonal snow-covered
areas. The seasonal change of backscattering from a snow-covered mountainous ecosystem was
studied using the Phased array L-band Synthetic Aperture Radar (PALSAR) onboard the Advanced
Land Observing Satellite (ALOS). This study places the focus on utilization of the fully polarimetric
scattering observation, maximizing information on the seasonal changes of snow-cover.

The selected study site is Uonuma area in Southern Niigata Prefecture. This area is on the
northern edge of the Japanese Alps and has some of the heaviest snowfall in the country due to a
winter monsoon blowing from Siberia to the islands of Japan. For the study site in Niigata Prefecture,
four polarimetric PALSAR images in ascending mode have been acquired.

2. Methodology

One special characteristic of SAR polarimetry is that it allows interpretation of different scattering
mechanisms without additional in-situ information. In this study, we recall two approaches: the
eigenvector-based [3] and the model-based [4] target decomposition methods.

An eigenvalue-eigenvector decomposition of the coherency matrix provides information about the
polarimetric scattering mechanisms with matrix-characterizing parameters such as the polarimetric
entropy (H), anisotropy (A), and average scattering angle (a ). The polarimetric entropy and
anisotropy indicate the randomness of the scatterer and the relationship between the secondary
scattering processes, respectively. The angle a indicates the mean scattering mechanism.

According to the model-based decomposition method, measured target matrix can be decomposed
into a combination of physical scattering mechanisms, which correspond to the surface (R), double-
bounce (F), volume (B), and helix scattering (/) mechanisms. This type of decomposition method is
based on simple scattering models that lead to an easy-to-interpret scatter type discrimination.

This study examines the seasonal sensitivity of three types of polarimetric parameters: 1)
backscattering coefficients at different polarization channels; 2) entropy, anisotropy, and a of the
eigenvalue-eigenvector decomposition; and 3) R, £, and B, of the model-based decomposition. Results
indicate that, at low incidence angle, the major change in snow-related scattering property includes
decreases of the volume and double-bounce scattering powers, and, consequently, the surface
scattering contribution becomes a single dominant scattering mechanism. At high incidence angle, the
surface scattering power also decreases with the presence of snowpack, and, consequently, average
eigenvalue parameters become less efficient to detect snow-covered area.



3. Results

According to the characteristics of snow-induced changes of scattering properties between the
snow image and the reference (snow-free) image, different polarimetric parameters provide different
information on mapping seasonal snow-covered area. Among them, changes of the polarimetric
entropy, AH, and the cross-pol backscatter, AHV, have been selected in this study because they give
complementary information on the snow-covered area in different topographic and thematic
conditions. Since those parameters contain different information with different domains, it is important
to express them with the same mathematical tool in the frame of the information fusion. The fuzzy
set theory has been implemented in this study for alliance of polarimetric information.

The proposed information fusion approach has been applied to ALOS PALSAR data (Figure 1(b))
and evaluated by comparing with a conventional single-polarization based method such as the
intensity ratio of VV-polarized backscattering coefficient between the snow image and the snow-free
image (Figure 1(a)). The use of single co-polarization intensity cannot provide appropriate information
on snow extent. On the other hand, the combined membership degree of polarimetric indices is
closely related to the snow-covered area in optical images. Snow extent can be identified successfully
by combining polarimetric indices with an overall accuracy of 74.4% as compared with in-situ
measurements and 77.0% as compared with optical images.

g

(a) Snow Cover Map from Ao, (b) Snow Cover Map from polarimetric fusion (c) Referece (LANDSAT ETM+)

Figure 1. ALOS-PALSAR derived snow cover map on February 6, 2008. (a) Calculated from the conventional
approach: single polarization indicator (VV-polarized backscatter changes); and (b) from the new approach:
fully polarimetric information fusion approach. (c) Reference snow cover image: Landsat 7 ETM+ optical
image (white color: snow).
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Shearing rate effect on residual shear strength of natural soils obtained
from mudstone landslide areas of Niigata, Japan

Gyanu Ratna Tuladhar, Hideaki Marui

1. Introduction

Residual shear strength of a soil specimen depends on many factors that include but not limited to
mineralogical composition, pore water chemistry, physico-chemical effect and shearing rate. Very few
articles in the literature are available that show variations in residual shear strength for slow
shearing rates (below 1 mm/min). None of the articles in the literature presented information on
shear strength variations with shearing rates lower than 0.01 mm/min. The main objective of this
study is to carry out the shearing rate effect on residual shear strength. Results pertinent to the
experimental verification of shearing resistance of soil specimens from three different landslides are

presented in this paper. All of these landslides were triggered in mudstone formation.

2. Study Area

Soil samples were collected from Mukohidehara, Nakayama and Okozu landslides of the Niigata
Prefecture. The sliding surfaces of all the landslides were developed along the mudstone formation.
Mukohidehara Landslide was triggered several decades ago at the interface between the weathered
and unweathered mudstone. The Nakayama Landslide was triggered by a torrential rain on 13" July,
2004. The sliding surface is observed at the depth of approximately 2.5m below the ground level. The

Okozu Landslide is developed by the toe undercutting by the Okozu diversion channel.

3. Soil Sampling and Testing procedure

Soil samples collected from the sliding surfaces were remolded and were remixed to a moisture
content equal to 120% of liquid limit to make slurry samples. Those slurries were set into the drained
type Ring shear device of the RINHDR laboratory. The slurry was then consolidated at the
consolidation pressure of 250 kPa until 100% consolidation was achieved. Then, different specimens
consolidated in this manner were sheared at the shearing rates of 0.001, 0.01, 0.land 1 mm/min. A
shearing rate of 0.0l mm/min is considered as the minimum shearing rate to ensure fully drained
conditions during shearing. Multi-stage ring shear tests were performed by lowering the normal
stress to 200 kPa, 150 kPa, 100 kPa, and 50 kPa. The residual shear stress values were recorded for

each stage to obtain the residual shear envelope.



4. Results and discussions

The shear stress-horizontal deformation curve obtained at the normal stress of 200kPa for the soil
specimen of Mukhohidehara landslide, while sheared at the rate of Imm/min as presented in Fig. 1.
The mobilized residual shear stress was attained at a displacement of 400mm. The stress-deformation
curve at the normal stress of 200kPa for the soil from Nakayama landslide, which was sheared at the

rate of 0.00lmm/min is presented in Fig. 2. The residual shear stress was mobilized at the horizontal

displacement of 20mm.
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Fig. 1 Shearing rate of 1Tmm/min Fig. 2 Shearing rate of 0.001mm/min

Figure 3 as shown below shows the comparison of shear envelopes of soil samples from the
Nakayama landslides sheared at 0.001, 0.01, 0.1 and 1lmm/min. Figure 4 as shown below shows the

variation in residual friction angle with the shearing rate of different landslides soil samples.
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Fig. 3 Comparison of shear envelopes Fig. 4 Variation in friction angle with shearing rate

The result shows that there is linear decrease in frictional resistance with a logarithmic increase in
shearing rate. The interesting phenomenon that was observed in this study is the requirement of less
displacement to attain residual shear stress in case of very slow shearing rate. The development of
the pore pressure at the higher strain rate might have caused the shear stress to decrease. Therefore,
it is essential to measure pore water pressure for higher shearing rate in drained condition type ring
shear machine too. (This paper was presented in the International Conference on Ground

Improvement and Ground Control, 30" Oct. -2™ Nov. 2012, Wollongong, Australia)
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1. Introduction

The hilly slopes of Mt. Medvednica are located in the northwestern part of Zagreb City, Croatia. It is
the pilot area of Japanese-Croatian scientific joint-research project ‘Risk Identification and Land-Use
Planning for Disaster Mitigation of Landslides and Floods in Croatia’ . In this area, landslides, e.g.
Kostanjek landslide and Creénjevec landslide, have brought damage to many houses, roads, farmlands,
grassland, and so on. Therefore, it is necessary to predict the potential landslides and to enhance
landslide inventory for hazard mitigation and security management of local community in this area.
This study aims to develop a 3D slope stability assessment system combining 3D deterministic model
and probabilistic method to assess potential landslides including their locations, size and sliding

surfaces. Fig.1 shows the Veliki potok catchment in which covers 10km” as the study area.

2. Landslide hazard assessment in Veliki potok catchment of Zagreb City

When we evaluate landslide
susceptibility at a regional scale, it is
arduous works to process large amounts
of spatial data and geological data, and to
identify the potential landslides. However,
ArcGIS provided by ESRI has become a
powerful tool for effective analysis and
prediction associated with the study of
geological hazards for recent years. That
is not only because GIS has excellent data

structures and spatial data-processing

abilities, but also because the collection,

manipulation and analysis of the spatial
) Fig.1 Veliki potok catchment
data on landslide hazard can be
accomplished much more efficiently and cost effectively.
In this study, we combined deterministic method and probabilistic method to assess potential
landslides. Firstly, this study area is divided into several slope units that have similar topographic and
geological characteristics using the hydrology analysis tool in ArcGIS. Modelbuilder tool can be used

to extract slope units automatically in ArcGIS Version 10. Then, a GIS-based modified three-
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dimensional Hovland" s method for slope stability analysis system is developed to identify the sliding
surface and corresponding three-dimensional safety factor for each slope unit. Each sliding surface is
assumed to be the lower part of each ellipsoid. The direction of inclination of the ellipsoid is
considered to be the same as the main dip direction of the slope unit. The center point of the ellipsoid
is randomly set to the center point of a grid cell in the slope unit. The minimum three-dimensional
safety factor and corresponding critical sliding surface are also obtained for each slope unit. Finally,
since a single value of safety factor is insufficient to evaluate the slope stability of a slope unit, the
ratio of the number of calculation cases in which the three-dimensional safety factor values less than
1.0 to the total number of trial calculation is defined as the failure probability of the slope unit. If the
failure probability is more than 70%, the slope unit is distinguished as ‘unstable’ from other slope
units and the landslide hazard can be mapped for the whole study area. Fig.2 shows the distribution

of slope units and the failure probabilities in the study area.

3. Results and discussions

Slope unit can be as study objective for
landslide hazard assessment in large-scale
area. Slope unit can be extracted easily and
automatically using Hydrology tools and
spatial analyst tools. However, the size of

slope unit depends on the defined watershed.

GIS-based 3D slope stability method combining , s)

with probability method is an effective tool for ¢ Failure

the landslide hazard assessment in regional probability (%)
scale area because data preparing and [Jo-20
processing are simplified. The methods will be El21 -s0
used to other pilot area in Dubracina =§i :—:30

catchment located near Rijeka City, Croatia.

Fig.2 Failure Probability of slope units in Veliki potok
catchment
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Seismic Response Analysis of Fault-Structure System with
Fine Resolution Using Multiscale Analysis and Parallel Computing

Quinay Pher Errol Balde

1. Introduction

The input ground motion to large structures located on the surface is affected by fault rupture, the
heterogeneity of the crust structure, and local soil conditions. To estimate the response of the
structure with high accuracy, a model of fault-structure system that includes all the factors (the fault,
underground model, local soil conditions, and the target structure) that can affect the response is
desired. However, since the problem encompasses the geologic- and the engineering-length scales,
analysis is still computationally-expensive even for the current best computers. A multiscale approach,
the Macro-Micro Analysis (MMA) method leads to an efficient computation by decomposing the
problem to be solved sequentially. However, simulation of large earthquakes in high resolution further

requires additional improvement of currently available analysis methods.

2. Macro-Micro Analysis (MMA) and Parallel Computing

MMA is a multiscale analysis method proposed by Ichimura and Hori (2006) which is based on
applying singular perturbation expansion to the elastodynamic problem. The result is a two-step
analysis that significantly reduces the computation cost. The first step analyzes a large domain in
coarse-resolution (macro analysis); and the second step uses the results of the first step as boundary
condition to the local domain in high resolution, to compute the response at the location of the target
structure with suitable correction (the micro analysis).

However, when solving MMA for large scale domains using Finite Element (FE) method, further
cost reduction is required. Thus, domain decomposition and parallel computing were implemented. In
order to avoid the limitation in the available resources of a single computing machine, distributed-
memory computing approach is used. A prepartitioning approach (domain decomposition before mesh
generation) suitable for hybrid-grid (tetrahedral and hexahedral) FE meshing (to reduce the mesh

generation of fine-resolution underground model) is also introduced.

3. Application Example and Results

The response of a model of a nuclear power plant (NPP) building subjected to a near-field
earthquake is analyzed. The target region is a part of Niigata in northwestern Japan. The earthquake

source Is the Niigata-Chuetsu offshore earthquake (Mw 6.9). The domain size is 69.12 % 69.12 X 45 km.
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The target frequency set to 1.0 Hz. The smallest resolution for the macro and micro models are 45 m
and 0.01 m, respectively. Parallel computing with 128 processors were used. The norm of
displacement at the surface at several time durations is shown in Figure 1. The corresponding
deformations of the NPP building are shown in Figure 2. Results show that the NPP building
deformed irregularly due to complicated ground motion resulting from the effect of the fault rupture,

crust and local soil, and building geometry.

]
00 (m) 0.6

Figure 1. Displacement norm at the ground surface of simulation domain.

00 (m) 0018

U
T_) I M Dpeformation x 1000
E

T=3s

T=3s T=8s T=12s

Figure 2. Deformation of building model.

* This study is a collaborative research work with Assoc. Prof. Tsuyoshi Ichimura, Prof. Muneo Horl,
Prof. Shinobu Yoshimura (University of Tokyo) and Dr. Akemi Nishida (Japan Atomic Energy
Agency)
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