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Two lidar instruments were installed at the Sakurajima volcano at the end of November 2014. These
Sakurajima lidar instruments were the first to specifically observe the eruptive products of this volcano
in Japan. The Sakurajima volcano is one of the most active volcanoes in the world and is in the best loca-
tion for observing eruptive products. Volcanic ash is the most fine-grain of eruptive products with the
particles size of atmospheric aerosols. The lidar instruments can observe such fine volcanic ash. Small
eruptions, unreported by the Japan Meteorological Agency, can be detected by the lidar instruments set
up at the Sakurajima volcano. Large volcanic eruptions are a concern in Sakurajima Island, during which
prevailing westerly winds could disperse volcanic ash to the Japanese Islands. Therefore, this ash is
expected to be observed using lidar instruments in the Japanese Islands.
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1. ELBIC

RITERIZ X o TROPSBR SR BBHPIE, KK, KNV F & KINETE Vo 22 KILFE Y & KL
HADBHLH., TNHDH 5, KOO KINFEWIZKINKTH S, Fig. 1 ITKAT 78 YV EKILKORE
B OR339, MR O KUK OREE 0.1~50 um 1ZHLK - FERE— FOZ 7TV VITHYT 5
KFHTIEI —BEL T A =120 T/H DY, L—HF—KD¥EE (0.5um B X O 1 um) MK KK Dk
PRI N2, S ORED KUK B KD E. KUK EE=41) ¥ 79 57201213 KILIK % 8
OMRE L CRIT 2 285 2 B ENH L. T, MEREDOB KIS 5 KINIB W THBIKILK
RICEEY B X OFRT 4 2 Fax— 2323 L CRIEDRIE X OBl TbhTna, Lol
SN OFETIERAE 250 um DL EOMAB KK L2 5 2 E DB TE RV, KIWKDRED /NS W IT &
FECTRIEDERST Y225, KAPOKINKEEEZY Y ¥ 7 F B IEHEKIK ORI E T H
b, FIZT, 545 —FHWDL I L THRALIKOHIRSTE 5.

REHOKINKZILIRT S Z L IZKINEKZEZDOSDOZEMT L L7217 TRL, MEROREMRE V-
TRERNGLENERD L. RO Y 2y P2 v T RNk E AT &, KRIWKDH T AR5 0BL Y
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Fig. 1 Particle size distributions of atmospheric aerosol (light gray) and volcanic ash (dark
gray) . This figure is modified based on the original figure of Durant et al. (2010) D,

VHTRERL, =y ryo7L— R KD LSl ZE 720, 0 Y yasmss i, HEdEIHMK
TLTLVVVﬁiﬁE:é.iw_,4/b%x?@zwﬁ%@wwzy/AM®m&$%Awa
RL—=VTH, A=AV THEDOR—A V717 RO ARO T 2y Y2V U 12 5L F
72, U F T MKILO 1989 4EEKIZBNWT, TIAN EZBICTR—A V74T RO 4 DY 2y b v Y
YA EIL LY. 207, KUK DRLZREEA~D B % BT 5 BRI 2 AR & A5 1990 4R8I HESE X
n, Mo o fTOR SRR H 22 B K ILKTE#HE ~ % — (Volcanic Ash Advisory Center; VAAC) A3
PR, EREKRIDKICET 2ERABHENTVWE, 20 b0 —2PFRLTFICKBEINRTEY, Hil
VAAC EIEIEN 59, KIKIZ & o THZEHRAKHBICHE S W& LT, 20104E4 14 HOT A
AT Y RDIAXYTAXYNTI—2 PVKILOBERDY D L.  OWEKOWEMIZHL 9km LLEITEL, I
BB DO K E VK TH 72720, KIWKAHETE I —a v S eI L7z, Zo/kz), BEarba—ay
IR EZBDORE T OZEED S E N, KB R ZERELDE Z o 72, RATENRIXIB OB E L B 720 DO KA
HORINKRELESDH D, -0 v 3074 ¥ —BI#E (European Aerosol Research Lidar NETwork, EAR-
LINET) ASKUDKIEEHEE IS S N727. SO X5 ICRAT 7 u Yy VBHlO 720 Ic ks hiz o 4 57—
WHIEKINKDE=F ) Y ZITEHEIN TS, —F, BKLTWAKINZBWTIEKINB D 720125 4
F—%BALTKINKE=F) ¥ FE4T) BRADPHROKRETIHE > T b

$%fi HARTHROEKPHELTEBY, 77%%#&?%&%&&% BT A KINBMEH O 4

— XA OME L, DR LBNEROBIHEFIZOWTHERS. £ LT, BITOWHEHEFITH S K

m%kl7DYW@§%§ﬁtowT%$Kﬁ« BEICHEBIZBOLWTRS I N TV AR KIS 5
FTA T =B 72RO KINKE=5 ) ¥ 7O REHEIC DO W TR,

2. BBICHITZ T A—BRRADHE

R BB VR LR VR BT IS AE S A KIl (Fig. 2) T D, 1955 0 SHAE T THRAAHHEI AL T
L. FDH, BEBIZBWTKINIZE OO 4 RHEB L OB ThbTwa, Billo—BE LT, K
KRB TR (B SEE) (3R ORI & & 2 MR K LK 2 B3 % 728012 2014 4F 11 A KIS B IS
2EDI WAL A ¥ —FRE L GEBRBHZHB L. 260545 — WET A ¥ —) RS0t
T HHEKINEBNAT (SVO, 31.590°N, 130.601°E) & BAlfMl%E (KUR, 31.584°N, 130.702°E) % E ST
W5 (Fig.2). IhHORET A F—I3KFEHM (180°) B L UMM (0~47°) IZAF ¥ v ¥ L HRE
HI 50, L—F—bofH TNz ZnEnoT 45 —oi%B%iH» o mE KO Lo FHIZmT Twb
(Fig. 2). SVO £ KUR DT 4 ¥ =DM ZznEN13° & 15° TH5H. LT, SVO &L KURD T 15—
LEEAKOE COFMEE (Range) 3ZFNZFN58km & 42km TH 5. Fig. 313 SVO D F 4 ¥ — k& il x
ZRLTWA. F72, Fig 43 KURD T A ¥ =5 M5 L —HF =l |2 [0 20 > THIE ST 55K
OFEFZRLTWAS. SVOE KURDIFA =050 L —F—3RIEmHINHEO K IHEL ) ZhFh300m B
L100m EFO L ZANFHEEN TV A7, MET A ¥ — I THBOIKE (Fig. 4) OALE ekl
IKOFMT HIERELSL LMK D. BET A 7 — ORI E BB e 25 0 7 o TEH LT
WBHT V754 % —% v b7—2 (Asian Dust and aerosol lidar observation Network, AD-Net) ¥ 12 C v 51
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Sakurajima

Minamidake

Fig. 2 Locations of lidar instruments installed at SVO (yellow diamond) and KUR (purple dia-
mond) at the Sakurajima volcano. Lines indicate their lines of sight. The open white circle
indicates an underground observation tunnel by the Ministry of Land, Infrastructure, Trans-
port, and Tourism (ARI), in which an extension meter and a seismometer are installed.

Data
acquisition ur
f ’ Laser

o Telescape
transmitter

—

Fig. 3 Lidar instrument at SVO. (a) This unit has a laser transmitter and a telescope (left) and
data acquisition unit (right); (b) laser transmitter and telescope directed toward the Min-
amidake crater of Sakurajima volcano.

2022710718 18:45.05

Fig. 4 Laser beam is pointed above the Minamidake crater from the KUR lidar (white arrow).
This is taken from https://www.youtube.com/watch?v=HuBgUVqEjqg (Sakurajima Vol-
cano Live camera on the YouTube by Sakurajima Museum).
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Fig.5 Example of automatic lidar data processing results on the web by the National Institute for Envi-
ronmental Studies. The SVO lidar results are displayed for September 13, 2022. Graphs from top
to bottom show backscatter intensity at a wavelength of 532 nm (arbitrary units), depolarization
ratio at a wavelength of 532 nm (0-0.5), backscatter intensity at a wavelength of 1064 nm (arbi-
trary units), and azimuth and elevation angles of the telescope of the SVO lidar instrument.
Arrows indicate hourly-mean wind speed along the direction laser of the SVO lidar instrument.
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Fig. 6 Backscatter intensity (top) and extinction coefficient (bottom) at a wavelength of 532 nm
obtained with the SVO lidar instrument. The time scale is the same as Fig. 5.

TwAIAF =Lk, T7aVVEHIHIA Y=Y 27200 Thb. WET A4 ¥ —13%E 532m
& 1064 nm O Nd:YAG L —H =79V 2% 1 BRI 20 S L TWaH. SV AH72) OMIIE30mI TH D,
TAX—=7TiE%Rv. 28, KORFBIERITEILXE TS 5720, MRS ICL - =2 s h a0
v, RAPo7a vV THFEl e ot ZEEEFETHELS N, £ L OMETFHGEE (photo-multi-
plier tube PMT, & 532nm) BLX I 7/NF ¥ = - 74 F ¥4 4+ —F (avalanche photodiode APD, % &
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1064 nm) [ZTHAISH, BRESICERSA, BB LTigEshs?. £ MEIA ¥ —3EE
532nmm DL —HF—REFELSETHIBLTBY, ZOMEHICETB X OO I 01O 5% 57 LG % [
ICHRATLESRLTW2Y. B, META V¥ —ZL—F—% 28H 405V R) GHEL T8 Bk T 2 &
WA 7 VI THEBINGEN S Twa, KBS A4 ¥ — o4 10 #c, HEES ikl eom T,
HEW AR AL 0~24km TH D, SLEEIN/T—FEIFA4 ¥ —HHPCEZBLUTA ¥ ¥ —% v MEHICT
[ V. BRBEMF SR T 12 5% S, AD-Net & [k i CTF — Z MHAHBI /TR CTWwb. ZLT, 7—%
PO R % web 7T 7 W CHES BB ZEIT O 4 M CHBERT 2 2 LW HETH 2 'Y, Fig. 5 &
Fig. 6 17— % ® HELIEE R O BT, RiEI1E 45RO % BELRE & 985 532 nm OREMHEE L L —
PO HHify L MFADKRT, HF IR 532 0m (BT 5 BT HEGRE L HBREOKRTH 5.

3. T E—ICEK B VE L H/INEX DR

Fig. 5 (3B B KINBIHT (SVO) D F 4 ¥ —I12X 5 202249 H 13 HAERT 0 B (HAREER) 205 24 KR
DI Y —RBELT 2 ERE LTHEKOT OG5 205K 532 nm (281 2 8ELEE (BE L —
F—OREEIFEATE L PR T 50045 B X U9E 532 nm OGN E & 9 1064 nm 2B 5
HEREZ /R L TWD, BELEEIZABE Ny 7 75w Y F2RL, MEDO LRI U THE, kR, R
AT, ERELT7OVLTIE, @#TAIEFEL -V obBLOL T Y5 OB THEDLE bR
BB DTA T —DZEETREIMIGC R D720, BERELR ) A ALXWSEL YNy 2 75w
YREEPDTNER L. BB, BEREIIHBL SN ERATREN, WEFNEEIZ 025 0.5 O
PBTRENTWE., BEREBHMARREEICBIT S ZOHOREIERT, REKR27C, KE&ik33CT
Hotz. LT, | EMBOEIIE 0 KEA S 4 R XREHE M A, BALE, MR, BRI ZLL 72
DS, AEENS OUFE CTILRA ML, 9IS 22 I F THATHB L, 22 05 24 IFIZ AL G AT R L 72,
Fig. 2 (/R34 0 B K 2 AR KINBIEET (SVO) IZPEILE O E D D, SVO IZFEE KI5 O
JEDOFAIE. ED7®, BUKT 5 L HKINIBT A O —Eik SVO HmiZmh->TL 5 L 8b
5. Fig. 51289 SVO %5 L —F =G 7 o i & HeEL R EE O R 22 B v T LS o i 24615t
ISR SND. 0FD S 3T S F TITHELIRE O BV EEHEIX 4 km 205 5 km OBIZHARIZHA L, Z o
BEX ) REEECBO TR L —F —EOMMEDIRE S 5 72O BELRE 27 ) /NS, FHEEEC BV CHGLER
FldhEw, —J, 3ESARL 4RSA AT TRIROFEIRE OB WX EHEETH % 3km 225 4
km 20D RY, 20K 12EETICZOREMICAEL TWwz, ZORMFIZEWUIRELREO R £ )
B, AVIRICHEIREEANGAT L7z, 2L T, 2BETADS 24 B TOMIZEREE 4 km DL 3BV THGEL IR
DOEE)HSEHEBE EDICEH LTS, 72, ORI HB W TIIHEE 0~4 km B TIROGHEN A
HWEDZEBLTWA. 2% 0, HELBEO®R T ) OBEIIIHREOBKOHFIEOF ), MEMOHFELE
Ba R L Twa, FRIC, 1SRRIV TIZRHRE & & S ICBELEE O & $ ) 2V & IR S
BEHLZZOZAVIRICAZTOAEG»ERD 5. O Fig. 6 (2R T W E 532 nm D% 7 HELRE B
L OWHHRBICB W THHOND., TNODOAVIROWELEE OB T D 1d, AR IS EY RIS S T
SVO HIZHEDNTL 20 % KL TW AL d 5. B, EEEHMHTRRAICE S 2022 FEBHEK
BIFE DI X E o H 13 HOWEKIE 16 8 28 4512562 L 7= W 25 B2 ASK T3> & _E~ 1600 m TR o i
M2STEDOEKDATH -7z LhaL, BABIIRICEERS N2 XD /U 2RI X 2 IR OB 81
TAVIROWEIREDOF F ) S SN2 H 5.

ZZT, OHBHD1TEERS 24128175 SVO D F 4 ¥ — O BELHRE & E 5@ A A Bl b E
(ARD) IZBIFBHED AT PVIRIEE MfEET (FHKITE ARL &4 SEMRICER T 2 HH) Oilskz
19 % (Fig. 7). Fig. 7a /R 9 BELHREE X 98 R 532 nm ORIEIIZEAT B £ OB AC D 510 0 5% 55 O BR LR B
DEFTH S, Fig. 7o DB AT MVICFIEE 1 Hz 2*5 5 Hz 5 (CHHEE RARIEDS D 0 it 2 VIRR 2 538
5 (FHZHD) 2% 1), Fig. 7c (2R MEFT OFLERIC B W THE (Expansion) 2 52U (Contraction)
AT BERITHIE L THE D, SRS IIMAKITHE D HRES X CMFT OO Y L H L Th 5.
L7285 T, ZORMEICBWTRRERTAEEORABNE ICIITHREN T2V XD B/ REEK
MR LIELIZEEZOND. BUNMNEKOFEERZ] (Fig. 7o O HRE) OI2IZ4TIZOWT, Fig 7a
VRS HGELIREE I B3\ THRBE 4 km O HCELIEEE O B W SRR & & b IR B 5 O 2SERR T
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Fig. 7 (a) Backscatter intensity obtained with the SVO lidar instrument. (b) Amplitude spectrum
of seismic waves at ARI, and (c) the strain record of an extension meter at ARL (a) The
backscatter intensity and (b) amplitude spectrum are shown in dark blue, blue, green,
yellow, red, and red-brown as they increase, and their units are dimensionless.

&%, WEBEOBWESE, KOPSHEB Lz 7avveEzohb. ZOBHKEIEIBLZ 1045 T
HLHOT, BEAEIZ6.Tm/s THAH. ZTNIE9H 13 HD 17 K25 24 FEDOFEHRED 6.0 m/s & KFE 2212
HIELTWAEZ LS HHEREIESVEHSPEH T 7T OV TH S LD FEINL. BKBRIIEBY T
FERE S A AR CRIE L, L Tw OHBICBWT, RIS SHEBYARET S 288 % 5 A
F—IZ TR IZEEZOND. LD T, ST THRALABIIHEMNL, FInXRETEHLICEL, F4
F—aw b I L TRUNEREZRANTAZ ENXNETHLILERLTWVDS,

4. RFOMAMRESEDRRF

4.1 HBICHIFRNUKREI7OVIOBREOEEEE)

IR CTIIRRE T 4 77— T Z S N7 JIRE I C O BLELER B O Bk A6 O R 2L % jibl§ 2 Jalim & & ik &
OMIBTRLZ. L) EBHMICOWTIE, BEDT A4 57 —% v TKINKED AEOHBRECESME & E D
WIS B & T EAR B & R & OILIRASH WIS A S, IR & R O FEEI A B O BIAR S S 002 7 o
7219, Fig. 8 13 SVO ® 7 4 ' —1251F 5 2018 4E 0 A OWEARE & B BT KRB & 5 ABEomK
Mg, ISR, BN o KIKE, AEOKIKET H e g KIKRE T =% L Twb X
Thb. HBERROBEMS A 51E5 A5 8 HOMB TRWESHR L TWa. K2, 6 H& 7 HOHHE
55km ICEVEAR R ON, ZOHBZRIROEY SVO DI 4 ¥ =2 SfHKONOHEHTcH L. 5
5 8 HOWMIFWKBIEAMBO ] L) 2, KIWKBETEAIRE V. T/, BEREBTAEEICIBIT5E
TRILFEEDS 6 HAHRICE . BIREH T RRRICBT 5 1 RS k3 2 AKE)RI 0 B 45O 585 554 7
5iE, HFITBWVT SVO 2 EFHSH LR FISHIEY 2 Mdtsims 519, LA T, 2018 4EOEFIC
BT, KORICEBICLX 270 ANBLLHY, ENIFSVODTA F—FHIMIZHNTET VLI LS
RISz
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Fig. 8 Monthly average of extinction coefficients at a wavelength of 532 nm obtained with the SVO lidar
instrument in 2018 (top) . Monthly numbers of eruptions and explosions at the Sakurajima volcano
(bottom). Monthly amount of ash fall density at Kagoshima weather observatory, the monthly
number of confirmed ash fall days, and the estimated total amount of ash fall around Sakurajima
(bottom). Eruptions and explosions are not associated and associated with strong infrasound
caused by eruptions, respectively. Ash fall density and the number of ash fall days are rescaled by a
factor of )0.2 and 5, respectively. This figure was taken from the publication of Shimizu et al.
(2021) %,

4.2 BREOXRBEEXDTA E—ICLBDEZL) I D0EENE

BB 3l ) BB IZEKAETE LTV B KINTH B —T7, RIS KBEBEE KO ENEE IR TWE Y
R HIE, 1914 4F 1 HISHBICB W TRIERA L IFIEN 2 KBBEKATAE L7220 e, 20%I2B
WTHEBOHLBRANVTFIOETICTY I YOERIRIEEN TV L5 TH S, 1914 EOMEKIE
T, KRILKAMRPE RIS TERIZN T, HARZEOILFPIC TRIKDMERR S N7z, Fig. 9 Oy FTHid
N7 HPHIZFRIK AR S N2 A /R LCB Y, i uii )y, mE,, MEM, B, it
7, BB, MEBE, BB L Vo AR RA Y. BBV TREBERK AT AT IS,
R SERE F TREBEL, RIEEIC O o THIT XIS SN 5 720 ARG EO K F~KINKASEIZ NS W] GETED
W, F72, HARRBICEBI 2 EEHERO—D 0 WS LB % ) R[22 ) V— T, 7 I 7 HKE»
SALKANDD T T4 v ZBEFEICECMERTLH LY. LizhoT, MENABBEBATZEID
TEMMZEHN BN DD Z L 3HETH S, Y, Fig. 9 1R T ADNet D5 1 ¥ —HHARKHMICHE S h
TWhbhd), TAATYRFODIAXY 74X 5T —27 FIVKILO 2010 EMK & AR, BB O KB K
2T S RIKHEREERNE SR IZ T DN S WS N L L LIS, BUEOREORK OB ZFIH L
T, AD-Net D F £ & — O KILKBAGES OMGEZ AT 7 EORfE 2 #D L Z L 3 fF s 5.
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Fig. 9 Map showing the area of fallen volcanic ash of the 1914 Sakurajima Taisho eruption, as
reported by Omori (1916) ', and the lidar distribution of AD-Net.

E

RS TIESCH RN 2014 ARG BRI S L o T2 B0 T4 F—2 i sz, £L T, 2016 )
DIBE X SCR AL O RICKILITZE - AMBER 70 Y = 7 b o R ICKIITFZEHE RSS2 & 5 ZEETEIC T
HEHINTWE, BET A 5 — 07— 7 3R EAKILBFZEHE AL 3% 12 THaAii S 7172 Japan Volcanological Data
Network (JVDN) (2 THH S TWAED & & 12, FUERARS SHFEH o RAMIZTF— & 288 L T
WBY WEBIA T =0T — ¥ (E%S X CHBIRT & ZORIEE BB OB KEROERTH Y,
FFERPOAMIIOVTHELZIA Y TV, BET A & — OMEFFEBEIZ IR E KB o ],
HARERSB & OBt mss OMIE— BN EIK L TE T b, BIREMVICE#TL L &I, £ O
RHEZEI DT OFAEWNE L., REHOBEOKRE % 5 2 TTF & o 2R K FEAAL B FERT O KWK
IEHUIREEAOEGE ITEH#H L.
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