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Volcanic debris flow or lahar is a hydrometeorological disaster happened in the rainy season in Mount
Merapi. Following the 2010 eruptions more than 50 lahar events happened and caused material loss and
casualties. Although the frequencies are decreasing, but in 2016 the disaster still happened as the
unstable material from the volcano eruption remains at elevation higher than 1200 m above mean sea
level (amsl).

Lahar is a Javanese term used to describe a rapidly flowing, high concentration, poorly sorted
sediment-laden mixture of rock debris and water from a volcano that goes along river stream. It is a
continuum flow type which covers debris flows, hyperconcentrated, streamflow, and mudflows. It comes
as series of surges with maximum frontal velocity ranges from 5 m/s to 15 m/s. At Merapi lahar is likely to
trigger by rainfall intensity of 40 mm in 2 h. Two types of triggering rainfall are: local stationary or
orographic confined to slopes above 1200 m amsl and regional, migratory rainfall that moves from the
northwest or the southwest. The latest mention usually leads to large-scale debris flow (>80,000 m® of
deposits) (Lavigne et al. 2007).

Hydrological model such as rainfall-runoff-inundation (RRI) could be a useful tool for analyzing
hydrometeorological disaster. The model uses full dynamic equations that based on diffusion wave
assumption which are effective for flood assessment in both mountainous slopes and lowland plains.
However, the application on flash-flood and debris flow is difficult because of the short duration and small
area. The RRI model relies on satellite-rainfall and rain gauge data, while lahar occurs in a small-scale that
constrained the use of coarse resolution of satellite-rainfall or poor resolution rain gauge network.

Previous studies confirmed that rain gauge-rainfall caused uncertainties and underestimated rainfall
threshold for debris flow occurrence (Nikolopaulus et al., 2014; Staley et al., 2013; Marra et al., 2014). On
the other hand, remote monitoring by weather radar such as an X-band multi parameter (X-MP) radar
gives higher spatial and temporal resolution, which is desirable by lahar studies. It offers advantage to
monitor rainfall in the initiation area and it could measure debris flow during short duration of storm event
(David-Novak et al., 2004; Chiang and Chang, 2009).

In this paper, we improved the RRI model by applying X-MP radar information. A new submodule of debris
flow assessment has also been introduced based on Takahashi theory (Takahashi, 2009). The theory
considers debris flow initiation criteria depends on average slope, particle size and discharge per unit
width. We used the improved model to analyze hydrologic condition in Gendol Catchment for 2 weeks
observation in May 2016.

The radar-rainfall based model gave comparable results with the rain gauge-rainfall based model and the
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observed water depth information in the downstream area. The discharge information calculated by RRI
model were not only useful for direct lahar assessment but could be important boundary information for
other numerical model in ungauged sub-basin. Although direct verification in the ungauged upstream
area is difficult, but in the future applying the model for real lahar event could be useful to test the
improved RRI model performance in small-scale catchment.

Keywords: Rainfall-runoff-inundation model, X-MP radar, volcanic debris flow, rainfall, merapi
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Weather radar is one of powerful instruments for measuring volcanic ash columns and ash clouds.
However, we need fundamental physical properties on ash particles for the quantitative analysis of
weather radar data of volcanic ash: necessary information are terminal velocity, axis ratio, and canting
angle including density and dielectric constant of target to detect volcanic ash column correctly. In the
present study, the basic features of volcanic ash particles are analyzed to develop quantitative ash fall
estimations (QAEs).

The data were collected by a number of automatic tephrometers at Sakurajima volcano, Japan and
reanalyzed with a 2D-video disdrometer (2DVD) in the large-scale rainfall simulator of NIED. The entire
volcanic ash particles were classified as five types based on shape and orientation: Horizontal Oblate
(OH), Vertical Oblate (OV), Horizontal Prolate (PH), Vertical Prolate (PV), and Sphere (Sp).

Dominant particle shape was OH (71.5%) and the next was PH (17.0%). It should be noted the
horizontally oriented type was 88.7% of all sampled data. The 64.4% data are concentrated on D < 0.5
mm. The number of PV and Sp particle is increased with D. The relationships of terminal velocity are
dependent on particle shape types: Prolate spheroid (vertical orientation) particles were faster than those
of oblate (horizontal). The distribution of v is from 0 to 1.5 at D < 2 mm, but these are concentrated to
around 1 for D > 2 mm. The deviation of canting angle for OV (OH) is around two times larger (smaller)
than raindrops. It is inferred that there would be not much rotating phenomenon.

The features of ZH and dual-pol radar variables (ZDR, KDP, and AH) were analyzed. ZH is around 4.3 dBZ
smaller than that of raindrop and there is no resonance effects with radar frequency. There are large
variabilities in ZDR depending on the particles shape for D < 2mm and these were close to O for D >
2mm. KDP and AH are variable with radar frequency but these magnitudes are almost O regardless of D.
These results will be utilized to develop QAE methods, to detect volcanic ash column and predict its
activity.

Corresponding author: M. Maki
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Introduction

Volcanic ash is a major environmental hazard that acts over both short (hours-days) and long
(months-years) timescales and, directly or indirectly, affects life, livelihoods, and infrastructure (Wilson et
al., 2015). After an eruption, airborne ash can cause major disruption for international aviation, and in the
long term can exacerbate existing respiratory conditions (Hillman et al., 2012). Accurate prediction of the
transport and deposition of volcanic ash is therefore vitally important for hazard management and
mitigation.

Transport and deposition of volcanic ash are complex processes, depending heavily on the size of the
particles (Bonadonna and Houghton, 2005). Heavy ash is deposited quickly within a few 10s of kilometers
from the vent, while lighter ash tends to have longer flight times and is more directly influenced by local as
well as regional wind fields. Atmospheric flow is heavily influenced by complex terrain creating a number
of complex phenomena, such as flow spitting, gravity waves and downslope winds (Smith, 1980). These
orographic effects have been seen to affect the deposition of volcanic ash (Watt et al., 2015)

In the study presented we examined the impact of orographic effects on the transport and deposition of
volcanic ash from the Sakurajima volcano in Kyushu, Japan. Sakurajima is one of Japan's most active and
closely monitored volcanoes. The frequent activity, surrounding mountainous topography, and large

amount of observational data make Sakurajima an ideal natural laboratory for the study of these effects.

The August 2013 eruption and ash dispersal modelling

On 18th August 2013 Sakurajima erupted at 1631 JST with a plume height of 5 km - the highest plume
height recorded since 2006. Ash was advected W-NW and ashfall was recorded as far as the Koshikijima
islands 90 km in the west. This eruption was studied in depth using the Weather Research an Forecasting
(WRF) model (Skamarock et al., 2008), coupled with "online" chemistry and aerosol calculations
(WRF-chem; Grell et al., 2005). A nested domain setting with high horizontal (12500, 2500, and 500 m)
and vertical (90 levels starting at 50 m height increments) resolution was used in order to resolve the
orographic effects, while a series of simulations with zero topography were carried out to show the
influence of these effects.

Results

Simulations have shown that orographic effects can act in two ways: strong gravity wave activity close to

©2017. Japan Geoscience Union. All Right Reserved. - SVC49-08 -



SVC49-08 JpGU-AGU Joint Meeting 2017

the volcano act to keep ash afloat, while downslope winds closer to the surface can advect ash
downwards and force deposition (Fig. 1; Poulidis et al., 2017). Orographic effects were seen to increase
both horizontal and vertical diffusion of volcanic ash. Due to its low residence time, heavy ash was seen to
be relatively unaffected by orographic effects: in terms of deposition, the most readily affected size ranges
for particles were of grain size between 3-5 ¢ (ie. between 0.125 and 0.03 mm).

Resolving orographic effects over the volcano leads to a “gray area” over the volcano: the initial plume
height set at input can be changed due to gravity wave activity over the volcano, leading to a different

simulated plume height, something that could affect similar simulations, especially for eruptions with low
plume heights.
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Attempt of earth and planetary science education by dispersion
simulation of pyroclastic materials emitted from the volcanic eruption
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Features of Numerical Model “Ballista” : the Ballistic Simulator of
Explosive Volcanic Eruption
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Ballistic projectiles are emitted from the vent of the volcano when an explosive eruption occurs. Their
sizes range from a few centimeters to several meters, and the landing velocity of these pyroclasts can
exceed 100 km/h. Therefore, for hazards and disaster risk management it is essential to estimate the
affected area of ballistic projectiles. To reach this goal the ballistic trajectory simulator “Ballista” was
developed. This model can calculate the trajectory and deposition condition of multiple ballistic particles
in three dimensions using a momentum equation including air friction solved by the Runge-Kutta method,
and particles are transported by the Lagrangian method. Ballista was programmed using Java to increase
portability and includes complementary modules, such as a topographic effect, which is also taken into
account by the simulation. As a result, the model can constrain the ejection angle and direction bearing of
ballistic projectiles released during the Ontake 2014 eruption (Tsunematsu et al., 2014), not only using
ballistic physics but also realistic terrain data.

In the presentation, we show how local conditions and terrain can affect the model by running the same
simulations with and without topography, but also by modifying the resolution of the topography to study
these effects. The resolution of the digital elevation model (DEM) only changes the large scale distribution
of ballistics on the ground when the grid size is fairly large (> 100 m). Results also show that including
topography in the calculation changes the travel distance and the spatial distribution of particles
significantly. When examined in detail, in particular locations the high resolution DEM can be used to
identify shelter areas where ballistic hazard is reduced, for example, behind large boulders or buildings -
risk reduction strategy that proved successful for hikers caught in the 2014 eruption. In our presentation,
we discuss such topographic dependency of the Ballista quantitatively.

Finally, we have made the model public by a creating graphical user interface and a user guide in order to
contribute to the disaster risk management.

F—O— R KUER. BRWOEA . BEE. BEETIN. /37100115 —T71—2
Keywords: Ballistc projectiles, Explosive eruption, Topography, Resolution, Numerical Model, Graphical
User Interface

©2017. Japan Geoscience Union. All Right Reserved. - SVC49-10 -



SVC49-11 JpGU-AGU Joint Meeting 2017

fAIER X IU2016FE10B 8HE X DEET XU THE U7 HE DR
Characteristics of damage caused by lapilli fall of the October 8, 2016
eruption of Aso Volcano, Japan
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Safety of wooden buildings roof subjected to ballistic block collision
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