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Weather Radar Observations of Sakurajima Volcanic Smoke
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Synopsis

Sakurajima volcano has been active since February 2009. The total number of
explosive eruptions was 966 in 2011, which was the highest number in recorded history.
Corresponding to volcano activities, the ash accumulation in Kagoshima city increased
and total ash amount of 3,500g m™ was recorded at Kagoshima local meteorological
observatory. Because the volume of volcanic ash in rural area paralyze public ground
transportations such as rail road and highway, fast recovery efforts are required to the
railroad company and city government. However, no quantitative volcanic ash fall
estimation has been established. The present study focuses on utilization of weather
radars for quantitative ash estimation, quantitative ash forecasting, and utilization of
crustal movement information for providing ash volume. The knowledge on volcanic ash
and algorithm developed by the present study can be applied to any other volcano which
is located in operational weather radar observation area.
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Instruments used in Sakurajima volcanic ash measurements jointly-conducted with universities
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Photo 1 NIED Ka-band Doppler radar.

Table 1 Main specification of Ka-band Doppler radar.

specification

Frequency 35.35GHz
AntennaType | Cassegrain, 2.1 m¢
Scan Rate (AZ) Full Circle <24 deg/s

(EL) -2'to +182" <12 deg/s
Antenna Gain | 54.0dB
Beam Width | 0.3
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Fig. 2 Location and observation area of X-band
polarimetric radar.

Transmitter Magnetron
Peak Power 100 kw
Pulse Length | 0.5 ps

PRF 400/4,000 Hz
Polarization Hrizontal
Noise Figure |3.5dB

Max. Range 30 km
Outputs Z,V\W
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Table 2 Main specification of X-band polarimetric
radar.
Radar(Name ) TRM (Tarumizu)
Size 22m
Beam width 1.0°
Antenna | Gain 44.7 dB (H), 45.1 dB (V)
Speed 1-4 rpm
Scan angle (PPI) | 1.7°-20.0° (12 tilts)
Frequency 9770 MHz
Transmitter L Sl
PRF 1500/2000 pps
Pulse width 1.0 us
Receiver | Smin -109.5 dBm
Measured radar parameters | Z,, Z,, Zyp, @pp py,, Vd, ©
. Range : 150 m
Resolution Azimuth : 1.0°
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Fig. 3 Antenna scan strategy of X-band polarimetric
radar. The triangle shows Sakurajima volcano.
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Photo 2 Lidar observation of Sakurajima

volcanic ash clouds.

Table 3 Main specification of portable polarization

Doppler lidar.
Specification
Wavelength 1.54pm
AZ : -90°~+90°
Scan R R
EL: 0° ~+90
AZ : ~20°/s
S d
CanSPEEC BL 1 1~10%s
Backscatter S/N, Depolarization
Output . )
Doppler velocity, Spectrum width
Range
. 30m/75m/150m
resolution
) 40m~600m (30m resolution)
Observation ]
75m~1500m (75m resolution)
range .
150m~3000m (150m resulution)
Power AC100V 400VA
. Antenna : -20~+40°C (W.proof IPX2)
Environment N
Body : 0~+40°C (No W. proof)
Weight Antenna : 13kg, Body : 30kg
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Photo 3 Parsivel set up at Furusato station
of Kyoto University in Sakurajima.

Fig.4 Sensor area of Parcivel.

Table 4 Main specification of Parcivel.

Specification
‘Wavelength T80 nm
0.5 mW
Transmitter Laser Class: 1 (21 CFR 1040.10 1040.11)

1 (IEC/EN 60825-1 A2:2001)

Samphngarea | 180 > 30 mm (54 cm?)

Particle size
Waterdrop ! 0.2mm~5mm
Solid particle : 0.2mm~25mm
Fall speed
0.2m/s~ 20m/s

Target range

Sampling time | 10 sec™ 60 min

10~28 VDC (sensor! , 1.5W
12/48 VDC (heater) , 50/100 W

Power
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Fig. 5 Priciple of Automatic weight measurement

system for volcanic ash.
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Fig. 8 Vertically integrated reflectivity. (a) Horizontal

distributions, (b) vertical cross section along the line A-B,

and (c) vertical cross section along the line C-D.

Fig8(a)iZ & & & S5 o O Fl B (X BE Ak 1 2>

D J7 MK Tkm A TR & 72 0 534 D g % JA
7208 BUWEFE B Skm O EETELTWD, WL

TIERET, HAELR->TW5D, A-B JFIH DR
M LA, WA SO R 1 L — &R R )
5% 1500m (BEFNk 12> 55 700m) O = B I i KA
DD L5 .C-D HFMOEBEWH» B, 47
A DOWE V& K 2500m (K H > 59 1700m) T 3.5km
ERRDIFEER->TWVAD.
EETHME LT, Figs(a)& Fig.8(h)izix, MFn
KANBALTIER D = a—nH R TWDH A, T
LoUY A a7 Bl o a—E X LN
Do

3.3 BERKEFICLITEMRIREHTR

2013 4F, NI EE 2 3000m LA b oo 4 8 ok T4 (B
31 FH) ITOWT, X-MP L — X L ONEAE DB
BICEML TV BEIRKESOT —F 2 INEL T
FHlEORIKEHEXNEZRD . BRI RVIES
DENH T, FENTATRET: 6 FHHNZ OV TR D
&R

S, =132+0.118xS, )

ThHD. 2T, Sp SITFNF ARG R IR &,
BB KK F (dBZ OHEMN TOEEMTH D =
IZHER) Thb.

3.4 HMBEEFBRAT —FICKDENAFKE
pid!

AR B OB T — & s b KL S OB A HEE
THRBBRRPIBEIN TS, Z OBMERIIEBHIM
O EREIR 2 OBLNT — & & H W T b 72 R B
THY, FEHOEKIZK L COBEFZARHATSHD.
T, AW TIEE 2 OB FEFN DV THIFZ
TR L X N RV FRT X —F L —F O ERE
EHEBT2ZLIC8D, HxOBAICHHEIETE S
BeIR BeHEE X & (ERF CTH 5. 2003 45 DM 5 LN
3000m LA Lo = EBHEHIZHOWT, L—F I MmE
ORI EMES A2 RD 7z ((HRE258). 5%, #
AR R & OB E A, EARTEK &R O R

ExERTLITETHD.
35 N=IR)IhBZFON-BRHFDOET
RE LR

BEOBEEEIT CRILRY > TV ERRL, &
) 25 X 2 D 12 %@kmr@% R AN YL A
B R RE Uiz, BIEIE, MEEREE & Kk BE
uﬁTéméW%%ﬂéﬁkﬂ%Hmﬁ%ﬁwk@
R R SRBR M & FI A L 72, BRI S — L ofiflic
2 WILT 4 A R A—%, BRI K 2 RKAE



HiThi7-.
5 SEBFIF - KBRS B s N IS BT, K9 16m
DOEENLKIURY L TV EHFE TSR, = ~L

(&0 KILRKLF DRI 53 AT & ¥ T I 2 I E L7z,

EBRITIIRLES TRILES s 2 O KUK E v
2. B—13dH o0 UDEEIT 21T WAL ST 72
RE BTN THD. ) —DFELZTE OB EHE
JREFEREH S 18 AT C— 2 HBICERE R
£H2014 42 A, 3 H, 4 AIZHEE)D 54 7T
B 5. G 67 YT D KLIRRAREHI DWW T ERE 1T
STz, RENBEMOREHCE L TiE, —oDiREHC
LT 3-4 BOEFEREITV, % FEEOFEHME
RO

NR—= XNV ORET —Z DL RO L TR
EOBGRE Fig9 IR d. NEEEKEEL T, &
INTIRIED BRI & U5 T O BR AT

v = 5.900D%5%° (6)
Thol. EXREETHETHLNTZKLKOET
2 (Harris and Rose,1983) & bk L 7= & 2 A, B 5
N EBRAITR AN 2mm 2 E £ Tid Harris and
Rose(1983) D HIEME & B< &9 . £z, Mk B4
% Atlas etal. (1973) DB L kT2 &, KM
W THEENRELS D Z EBSNoT-.

AWFFEIC L 2T T HEEO X E AT, R AR
BEORIBE AT ZRAE L7 (ZfiZy, 2015). b
TR AR 1Y, BEFNORIEZ L < KL TV 7223,
BIEE7S 0.125-0.25 mm DAk} & 0.25-0.5 mm DAL T
BESAOE — 27 MEIER URRICEE SN, 2
i, S—=T LD R/NRIEN 0.2mm THDH Z LT
BET2EZEx NS, fiime LT, Bifk 0.20 mm
PLEoRi+7132< & Hd bk e 51F, BT ALK
BN T 28—~ & B Ry it i3 A A
ThorEEAD.

=2 ]
o

Falling velocity (m/s)

== This study

— AMlas etal (1975)

= = Harris and Rose (1983)-01
- Harris and Rose (1983)-02

T T T T T T

0 2 4 B 8 10

Diameter (mm)

Fig.9 Relationship between the terminal velocity and
diameter obtained from Pacivel.

FROMERITERENTOMT TH 525, AR
DOBEIKKLT OBINE, B O FHE K5 SERF TR O
HEBHAETIThIhE. W OO KFEFOF —
ZERGELTEY, W RIC OOV TIEARSER
T/AENED (2015) BFEAM LTV 5.

4 [IRL—FITLDEEMRIREETE

RIEICIX, Whbwd TRNRT 7 —FI2 L5k
ReEEXROE N E2RAT. RETIE, BIKETO
KRS A RIS BT 7 —F L LT,
Maezano et al (2006) % 2512, #L 8 OREK B E X%
T 5. ok, EEOBNT —Z0iRIE45 %D
REE T 5.

Brown and Wohletz (1995), Marzano et al. (2006)(Z &
E, KK ORES TR TRIND.

N.(D) = Nn([? ]ﬂeA"[;]

n

U]
Z 2T, D(mm)ITKiT-OERE, D, (mm)iLfEk CEA
P BT EEELE, N, A, p TR AR 2 R
2R A —=27T, TNEhUR 777 %—,
X7y E—, BRI E—Ths. LR, H
¥4t Weibull 34 (v=p+1=3y+3) & /L Gamma 4y
i (v=1) O D|ZfElE{LTX %. Brown and Wohletz
(1995)IC T i, KT oW%timEL2ZE L
Segmentation-Fragmentation EEif72> 638 & Hi X4 5 hL
B AR 1L Weibull 5375 CTd 5 . TR S 7 kLKL 1
DFFHT S, KL Weibull 4347 DA =1, H&1k
Gamma 4347 Tl p=0.5 ThH 5.

PRI (ER) OBEZ p, (gm?®), ERFEME R
M=pa(n/6)D% &+ % L KUK DE BEFE C, (g m®)
ERATEREND.

D, _

C, =10 [ m,(D)N,(D)dD :¥pam3
b (8)
Z T, Dy, Dy iEENE ALER/INERR, HORIEAE(mm),
Mg (TR D 3IRE— A b THD. HETEH
T TR EZE D IR TREINS.

D,
i le DN, (D)dD m
" [7DN,(D)dD M
: )
D;=0, Dy=0& § 5% &, HEAL Weibull 5347 (u=3y+2)
DRLT- A D E,



) Tst)
B 3(r+1) 3(r+1) Dn”C

n a

ﬂ.r[mj.thﬂ" Pe
6 y+1 3(y+1) (10)

ZIZTC, TixmeTr~B%, y=-0.5 (B Weibull
A u=0.5) THD.
REJKBRIE Ry(kg h mA) iz Ttk END. BIK 3@
JE Ry DHALZ (Mmh™) THETHAITIE Rlps & THIE
B,

R, E3.6><10’3I;1[va(D)—Wup]ma(D)Na(D)dD

=3.6x10" I: vpam3+b Wupca:|
® (11)

ZIZT, V(D) (ms?t) BEO by IFZe KB D &L
{bEBE LR 0% TEREORBRIOMGH L &
fB%cdH 5 (Wilson,1972). =#fiEh (2015) 1L KA
R R SR it 3% C DRI m%ﬂ@kMFﬁ%ﬁﬁm@
THEBRMS, a,=5.900 ms?, b,=0.530 ##7=. —7,
Harris and Rose(1983)iZ L4Li%, 1982 4 St Helens
D kT a,=5.558 ms', b,=0.722, 1980 D St
Helens " & Tl a,=2.504 ms?, b,=0.472 ThH 5. —
J7, Wilson(1972)1Z X iE & E 5-10km T a,=7.460
ms?t, b=1.0 Th 5.

X N v ROEAE OB oKL RAL T ORI
0.1dB km™ 2 CTHEMR H Sk % 0 ¢, Rayleigh JT {8l 23 5%

Do, LS RHNT Zy IR TERSND.
4
Z, =%m = [, D°N.(D)dD = m,
7 [Ka| (12)

ZIZTC, iE b= AR, K, 6i%§$a§?€fp7 7
7 — MEPEE TH 5. Oguchiet al.(2009)1Z L v iE,
BRSO KUK O L EE B2 1T £=5.2729-i0.13239 TT’E—%’%
#HEHE 7 7 7 ¥ — (dielectric factor) 1%

|Ka|2 =|(‘9r =D/ (e, +2)|2 =0.2025 (13)

Thb. —J, Marzano et al(2006)i% |K,|* =0.39 #

A QA
B b Weibull 5347 (u=0.5) % i E L, (5)3X T wy,,=0
EREL, (10)&2 @) & DRzt AL T

C. =(1o-3ﬁE]zH =321x10° 227,
6 D?

mG n

m
:[3.6x103%ﬂ] . =2.03x10° Vf; z,
6 mg 8
(14)
155,
Marzano et al. (2006)i%, KILUIRKD & A 7 & f N 72

KK (fine ash) , #HW K ILIEK (coarse ash) , # (lapilli)
@ 3FEIEIC /7 L, D,=0.01mm (fine ash), D,=0.1mm
(coarse), Dp=1mm (lapilli) & L TW2%. AiFETH 2
DTS & LT, ko IFEHEOHEXNE2E5S.

2L, KINPKRLF @ P TR EE I =ZmiE A (2015),
% 1T Oguchi et al.(2009) D #4J5 TOfE (p,=2.512g
em®) ZHWS. ERO 2y 13 KK OKFERF Zy,
ThDHEIHEETILERNDD. B, JBL—
ZCII RN 2 ARE L CHAl L — & SR+ Zyge 270
ETDH. KOFHEEZ 77 ¥ —% 093, KIWLKOFHE
Ty X —% 020251 £ B L, Zulx

Z,. = (0.20251/0.93)Z,, =0.218Z,,, 15)

MHRDBLZENTED.

LFEoE 2014 5 A 10 B oMK EHNIZHEA L
TR B DOHEE ik 7223, #EEHE 1% Dn OfE I &
STRELZENW LI b2 &b B LV DN W HE
ETHNNREHOBRETH D, (HRIZ/R LT 2013 4F
D 31 OMEKFHTH ORI XT A —F 025 Dn
BT RN E LRV EED TV D, L
— & A - & BRI I B VA T S R A S L
RN RN ENTEY, DnoH#EICHHATE 3
M LivZeu.

5. F&&

[EV—FIZ L HEMERO T RMHETE & THITFE
DRI DT DI, R Ka X R Ry 7T — 1L —4,
HEXNANVRILFNRTA—F L —X,
mEOH R X HBNA B o7, Ka AN
R Ry 7T —L—Z8HN 5%, WEKE% OB
DONEEEDEAEILZ D Z LRI L. FIiZ,
KABE ETO Ry 77 —#lEOFR O K OWE
HHEZHEE TE D Z LR SN, HEM XA
v RRGELV—HFI i*aﬂ’ﬂﬁéﬁiw%ﬁ@:ﬁﬁfﬂ%%&
BHZDZENHERSN. RARERHEREXAN T
®kmmﬁ%®@T%%%%%f®N~VNwKi
L BB BT L — 2T TE BRI R K B B L
VBT BE IR DIE T EEI“%D*i’X’\%ﬁ CBIF B Hn L
BB,

ARG TIIMN R 720, Ry XTI —I4 XH
M1 Ka N> R X ANy FTIBHHR W
+I 7 m ORI TOSAERPEGELN TS, Th
6®§&EJ%#Ft///7ﬁMi”W®¥%M

HIicETHD. 5%, T— X DT D TN &=
W,

IN— L

— 84—



#

BBIZBIT AL —FZ2E L LT 5SRO R
BB L OEREICI W TIE, HE RN ST A1
HEIFEE v ¥ —DOBERNK, NPOEASE I =
— VT LAOEBRERICE KD T hETHEE L
72 X R RSV TFNRTIA—ZL—FDT—HLH
B IR BT — Z 1B L IR E 5885 Ju 7 34
RBrbiitE2Z £ Lz, AFEOZTICHTZ- T,
TS KB SR e — ik R AT e R GREE S .
25G-11), B SR F BN AF S0 T i 2 AR A 4, JSPS
B L 24244069 DB A 1T F L7z, F0 L TR
7ZLET.

2 5 X &

ANERHEE - HEBYEA - BREZ - THES - B E
w] - LB PR - EEOK A - GHERTERE (2009) ¢ A
HEEIK - BEWEORYE, HIRREGFRTRRER
TR,

LR - LRERAT - WINPT - W&PE - Rk -
TP - HHE - AR IEE - FRHEZL (2004) :
V=P =l X5 ROFHP—=at—L PRy
T—IA X —DEFHE~OIEH—, BREHN, 9

(8), 25—29.

AR - =R - EORHEZ - B W - RE RS -
FIEA(2015) @ 78—~z X 5 K LK DR 5y
AOWTE, FHKRFFH.

Wt BEAREIRRS - FEMIE « FIARE— - AR
WE - 1L BRPERE - AT 27] - /NRUORH - 2 HRORRS -
HEEA, FTHES (2010) : #EICBIT 5 HE)
K - BRI S FHT & 2 G e, T
fatk.

S A+ fa L EORRS - BIACHE - mffdE— - TEM
¥ - BTERE— - JFRIEA (2011) @ A @YK &5
WX o T ATERB DT VA 7 Mk, HAKIL
PR TR,

SR - EORMEZ - /NBERRSE - R O - R
Y- FOIEAN (2015) @ X— L E VAR
PE IV ) 00 % TR BE L B 2 EBRADIIAE, I
H R B KT FEFT A
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