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Back ground and Objectives of the study

Volcanoes give many kinds of hazards and the impact is
huge.
TARGET

Sediment related disaster made by Volcanic Tephra

Volcanic Ash<0.532mm< Volcanic Lapilli <32mm

Volcanic Ash=Lapilli
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How to measure amount of sediment

after eruption
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Such measurement is important and accurate, but

t takes time
t is dangerous to researchers.

imited area is measured.
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Measurement by Remote Sensing

It overcomes the problem of
direct measurement.

Scattering from raindrop is well
understood.

But scattering from volcanic
tephra is still under
consSideration.

It is difficult to measure the amount of volcanic tephra.



Objectives of the study

* Considering mechanism of volcanic tephra
falling.

 Measure the drop size distribution (DSD) of
Volcanic Tephra by direct measurement.

* Polarimetric parameters are validated.



Detection of volcanic tephra by radar
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Mechanism of
Volcanic tephra
falling detected

by radar

v Altitude where radar detects
with higher elevation angle
Altitude where radar detects
with lower elevation angle
Just after eruption,
volcanic tephra ascends depending
on the size of itself.
* A few minutes after,
volcanic tephra starts descending
with horizontally brought by wind.
Altitude where radar detects
d with higher elevation angle
Altitude where radar detects
with lower elevation angle
Several minutes after,
volcanic tephra keep descending
and bigger one falls on ground.

Altitude where radar detects
with higher elevation angle

Altitude where radar detects
with lower elevation angle




Mechanism of
Volcanic tephra
falling detected

by radar

Altitude where radar detects
with higher elevation angle

Altitude where radar detects
with lower elevation angle

A few minutes after,
volcanic tephra starts descending

with horizontally brought by wind.




Elevation Angle
7deg (1750m)

Elevation Angle
6deg (1500m)

171 DILN 2808000101 MWL




Elevation Angle
7deg (1750m)

Elevation Angle
6deg (1500m)




Mechanism of
Volcanic tephra
falling detected
by radar.

The model of the
mechanism is
validated.

Altitude where radar detects
with higher elevation angle
Altitude where radar detects
with lower elevation angle

Just after eruption,

volcanic tephra ascends depending

on the size of itself.

Altitude where radar detects
with higher elevation angle

Altitude where radar detects
with lower elevation angle

* A few minutes after,
volcanic tephra starts descending
with horizontally brought by wind.
Altitude where radar detects

! with lower elevation angle
Several minutes after,
volcanic tephra keep descending
and bigger one falls on ground.

Altitude where radar detects
with higher elevation angle




Validation of Radar to measure the
amount of volcanic ash

The radar reflectivity factor (Z) depends on the particle size distribution (N(D))

D max
Z = f D°N(D)dD

Dmin

e Observation of N(D) in Sakurajima

e Calculation of Z based on ground truth
 Comparison with Z from X-band radar
e Simulation

4 + Estimation of volcanic ash volume




Comparlson between Radar and DSD

Kyushu Sakurajima volcano
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Observation equipment for volcanic ash

(The combination of particle observation device and mass measurement )

Taking the video of
volcanic ash by CCD camera

—>Calculation of the Particle
size distribution (N(D))

-

Mass measurement
for volcanic ash

N4

Funnel

r

)\

Gauze

Draining

Particle observation device

Hard container (Black)

electronic balance
(mass measurement device)



Video Drop Size Detector to measure DSD

b "

Video image capture based volcanic tephra DSD

measurement by
* adjusting the focus of CCD camera
* changing the system of power supply for electrical outlet

Volcanic ash (diameter: under 10mm) % '
] & &
stroboscope Stroboscope control circuit Video amplifier

_ I\

i Power source
———
//
Memory media
screen

Infrared sensor CCD camera



Mass measurement for volcanic ash

The capability of measuring the mass of

volcanic ash by separating water
:minimum 0.1mg every second (maximum 200g)

Funnel

Gauze

Draining hose
Slope for water

electronic balance
(mass measurement device)
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A schematic diagram of the remote observation

Kurokami observatory c '
ontroller

Mobile router
. 150Mbps D

433Mbps

Windows PC

Emergency alert email

Remote power control

By using the team viewer

Sakurajima branch, Kyoto.univ
The meteorological agency
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(Meikyo)

Power control
device




A schematic diagram of the remote observation

Kurokami observatory outside

CCD camera
12V

Mobile router
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Video memory
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Development of remote observation system
for volcanic ash

V

To start the observation anywhere by using PC or iphone
To make it possible to observe only when the eruption
To get many samples of the data

To observe safety by remote control







Drop Size Distribution

N(D)
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Comparison between radar and DSD

atmosphere
W
4
< S

Radar observed Z

O
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Result

One date was detected both radar and video drop size
detector [alt: 377m, 15:01]

Radar observed 7 : 18.45[dBZ]
Z calculated from DSD:15.01[dBZ],18.07[dBZ]




Thank you for your attention



Video Drop Size Detector to measure DSD

Screen

Volcanic Tephra
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MESTTMODELAX
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MESTTMODELAX
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Distance fromthe  Residence time in the

TEPRHA Particle type Particle size
volcano vent atmosphere
Fine ash Less than 64 pum H.undred e Day to mounth
kilometers
Ash

Coarse ash From 64 um to 532 um T?n DI Day
kilometers

Small lapilli From 0.532 mmto 2.56 mm Few to ten kilometers Few minutes

Lapill Hundred meters to few

Large lapilli From2.56 mmto32mm . Seconds to minutes

kilometers

Blocks Blocks and bombs Greater than 32 mm Ten to hundred meters Tens of seconds
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G4: Forecasting influence on airlines
due to volcanic ash
-early warning system of volcanic ash-



Group 4:

Forecasting influence on airlines due to volcanic ash
Group Leader: Junichi Yoshitani -> S. OISHI

For Document
4-2 Early warning system of volcanic

4-1 Upgrading of dispersion
simulation of volcanic ash
(KLU ETILOEEILETH)

Subgroup Leader: Prof. Hiroshi Tanaka,
Univ. of Tsukuba

Study target: Mt.Merapi, Indonesia

* Upgrading of advection-
dispersion simulation of
atmospheric volcanic ash
(REFDKILRDIER - gk Zal—
vavnDEEL)

* Parameters calibration based on
in-situ observation of
atmospheric volcanic ash
(KL FRERI-Z D 3L —2ar RS
A—ADIRET)

ash cloud
(KIURBEAZE R S X T LD FF)

Subgroup Leader: Prof. Junichi Yoshitani,

-> Prof. S. OISHI

Study target: Mt.Sakurajima, Japan

In-situ observation of atmospheric

volcanic ash concentration (K& X
LLI [ 5 F 75 BE 0D % (D 35 8RB )

Remote sensing of volcanic ash
concentration by X-band multi-
parameter radar (X/\> FMPL—4& —[E[{&
Mo KILIKKFZE EZFHETE T SFERFE)
Waning criteria of volcanic ash concentration
(KILKFLFEEDERL NILOREERET)
Real-time mapgéin ;s of flight alert zones (AL
IRAFZEEEEREBEDGISIE)



Development of Time Series Variation and
Spatial Distribution of Volcanic Tephra in the
Atmosphere

* Volcanic Ash Diffusion Simulation
— PUFF
— Direct Numerical Simulation

e X-MP Radar

— Early Warning System
— Volcanic Ash Measurement

* Airplane Direct Sampling and Lider



List of activities

Taking the result of 3-3 “Volcanic Ash Prediction
Simulation” into consideration, PUFF model
predict Distribution of Volcanic Tephra Density
Distribution by using wind data from
Meteorological Authority.

X-MP Radar and Direct Numerical Simulation
data is used as input for PUFF model.

Direct Sampling and Lidar is considered as
validation data.

They are applied to Indonesian Volcano.



DNS

with eruption
scenario

Sharing data by
web,

BMKG
implementation

Airplane
Direct
sampling

X-MP

Theory and
measurement

Discuss with

BMKG

input

validation



Volcanic Ash Diffusion Simulation - PUFF -

Volcanic Ash Plume

Real Time Volcanic Plume Prediction
by SATREPS

“olcanic ash plume is predicted using realtime weather data
offered by Japan Meteolorogical Agency (GPW).

Povided by HL. Tanaka
Center for Computational Sciences,
University of Tsukuba
Dispersion has been tuned by Satellite Image

@ Gunung Kelud
==> Eruption on 2014213

@ Iceland-Volcano
==> Eruption on 2010414

™ Sakurajima

==> Eruption on 2013818
C o C W @ @ ™
o Galungsung

o Guntur
o Kelud
o Merapi
o Semeru
o WORLD
R R OO TR L —®

MNo use other than academic purpose






Time

UTC+ 7 hr

2014/2/13 23:00
2014/2/14 00:00
2014/2/14 01:00
2014/2/14 02:00
2014/2/14 03:00
2014/2/14 04:00
2014/2/14 05:00
2014/2/14 06:00
2014/2/14 07:00
2014/2/14 08:00
2014/2/14 09:00

Emission (ton/h)

2.17E+07
1.41E+07
9.39E+06
6.37E+06
4.41E+06
3.09E+06
2.21E+06
1.60E+06
1.17E+06
8.65E+05
6.48E+05

Height (m)

17,056
15,321
13,839
12,562
11,453
10,486
9,636
8,885
8,219
7,625
7,093

Total Emission

2.2E+07
3.6E+07
4.5E+07
5.2E+07
5.6E+07
5.9E+07
6.1E+07
6.3E+07
6.4E+07
6.5E+07
6.6E+07
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Sequence of tephra dispersal from the Kelud volcano, produced based on
satellite images by JIMA.




Isopach maps of fallout tephra

Contours (0.1, 1, 4, 5 cm) are made based on geological survey and hearing.



Isopach maps of fallout tephra

Contours (0.1, 1, 4, 5 cm) are made based on geological survey and hearing.



Wind data in real-time

Japan Meteorological Agency (JMA)
Grid Point Value (GPV)
1.25 X 1.25 grid data

Plume Prediction using Unidata

NMC Forecasting by Unidata

| | it

ruption

|

Plume Prediction




Wind Vector (500 hPa)

GPV/IMA 201404400
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +1 hours
Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +2 hours

Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +3 hours
Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +4 hours

Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +5 hours

Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +6 hours

Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +7 hours

Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +8 hours

Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +9 hours
Plume Height (feet)
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Prediction: +1 hours
Plume Height (feet)
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X-Z section for Gunung_Kelud Y-Z section for Gunung_Kelud

E ion: 1600 UTC 13 February 2014
ruption eorman Eruption: 1600 UTC 13 February 2014

Prediction: Every one hour from eruption L. i
Prediction: Every one hour from eruption
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3-D image for Gunung_Kelud
Eruption: 1600 UTC 13 February 2014
Prediction: +1 hours
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Gunung_Kelud

Eruption: 1600 UTC 13 February 2014
Duration: + 9 hours
Ash Fallout

-5 00’

-7° 30

-10° 00'

105° 110° 115



© P N0 ok W=

Summary

PUFF model 1s applied to Kelud volcano

Max particles: 5000/5min = 60000/hr
Emission rate: 2.17x107 ton/hr, 360 ton/particle
Fallout particles: 79392/56 hr

Fallout mass:2.858 X107 ton

Ash plume moved to west at 17 km

Ash plume moved to north at 5 km

Fallout of 2.0 kg/m? extended to 100 km 1n west
Wind data 1s most sensitive to the prediction
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Achieving activities

* Volcanic Ash Diffusion Simulation
— Direct Numerical Simulation



G4-1. 3D Numerical Simulation of Plume

= Condensation of cloud s
0BS

F I A -
20F -
o T oo ——

........................................................ | AT
-100 -50 0
X [km]
300
Ash distribution in atm.
?20
=,
N0
-200 -160 -120  -80 30

X [km]

Distribution of fallout

111° 112°

-8 -7 6 5 -4 -3 -2-10 1 2

Grain size (phi)

Observed data have been reproduced
successfully.

* Maximum height of plume

* Altitude of umbrella cloud

* Area of umbrella cloud

* Direction of fallout distribution



Achieved activities

e X-MP observation



Collaborative Observation of Sakurajima Volcanic Ash

Kagoshima city
Compact X-band pol. radar _

Tokyo

' ‘ Sakurajima

Air plain
C-band Doppler radar

Persivel

Electronic balance
Automatic ash collector



POLARIMETRIC RADAR OBSERVATION

Sakurajima, 1631-1731LST, Aug 18, 2013

ZH of X-band polarimetric radar (EL=6.0°)

ZH, 1631 JST 18 AUG, 2013

SAKURAJIMA
'2033"0%_1 24 Minami-Nippon Shimbun

S




Accumulated Reflectivity
2013-08-18 (16:33-16:59 JST) EL=6.0

Accumulated Reflectivity(mm*6/m*3)

2013-08-18_160101J5T-2013-08-18_165802J5T EL=6.00' '

e Areal Reflectivity

arsad Lo

200

. : . : H -
-

€000 r

K. 7T R LR T e R I

€000

ms2d o]

Avaslflatwotivity )b8 S

1000

! ! : ! : : T ' : ! 0 1 1 1 1 1 1
130.58  130.6 130.62 13064 130,66 130.68 1307 13072 13074 13078 [9£e Fogd rose REYS EENY roar road rode
Sl B I e Time eT(

R COLAAGES O S 10 15 20 25 30 35 40 45

Distribution of accumulated reflectivity Time change of areal radar reflectivity of ash
(16:33-16:59JST, 18 August 2013). clouds (16:33-16:59 JST, 18 August 2013).



Achieved activities

* Direct Sample Measurement by airplaine



Dusseldorf Univ, Iceland Univ, pilot, Kyoto Univ, Dusseldorf Univ.







Filtered samplers for particulates
e 2.5, 10, Total (um)
Constant discharge pumps

e 5 L/min, 20 L/min

Yet, sampled particulates are
below weighable mass.

Portable digital dust

meter (Dustmate)

e 2750.00GBP+shipping fee
TSP, PM10, PM2.5, PM1



Able to fight 0- 0.2 mg/m3E&E RITH]
Conditional 0.2 - 2 mg/m35& {44 1T
Approval 2 - 4 mg/m3FR{TEFA]
Restrict > 4 mg/m3ﬂ%ﬁm.ﬂ:

R4

. - 0.2 mg/m’>

0.2 - 2 mg/m?

. 2 - 4 mg/m3
> 4 mg/m?>

2748 m
|

L




Airborne Measurement of ash concentrations and fluxes in
Holuhraun 5.09. 2014. Time of measurement: 1200 —

1400 UTC
7599 A=l TR E*ERHEE

« AISNZENRZBSVNENKILREES
753 . 05 HARITAIEE

. BEREELICEIEQMBORENEILT S,
. BEFEZTEEIT AE/IEAL,

yee8 Very difficult to observe it in thick
Figure 2. Measur;ment area |n Holuhraun. Crosswind sections A1 andshown, Ioauon of points VO I C a n i C a S h C | O u d

Gridded data in A1: PM10 pg/m’
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Observed volcanic ash by XMP at Sakurajima
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Test result for estimating volcanic ash amount

£z
/,,_,_M
Radarecho = — 7. B

W =
parameter .

Drop size distribution

—_Drop size meter

hl BE]
Volcanic ash amount barameter D
~ weight
/=18.5dBZ /=15.01, 18.07dBZ

W=40.00g/m?2 W=15.02g/m?2



Planned activities

Obtaining license for releasing wave
Making a database of rainfall amount
Connecting radar to each system

Establishing sequence for volcanic eruption
Establishing trouble shooting

Keep developing to estimate volcanic ash



