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Synopsis

The present paper describes the results of observational studies of Sakurajima volcanic
eruption columns using an X-band marine radar. The X-band marine radar was set up at
the Kurokami Observatory located approximately 4 km from the Sakurajima Minamidake
vent. We carried out observations by physically changing the rotational axis of the slot
antenna, from vertical to horizontal, to achieve an elevation angle resolution of 1.2°. The

observation period was from April 11 to May 31, and the collected data was for a total of

57 outstanding eruptions. To our knowledge, our observations represent the first time that
marine radar has been used to successfully detect eruptions and falling pyroclastic
particles. The radar revealed the fine structure of an ascending eruption column at
1.25-second intervals. The present study demonstrates that eruption source parameters
such as eruption onset time, duration, height, and ascending speed can be estimated by
marine radar observations.
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Fig. 1 Composition of the marine radar system used in

the present study.

Table 1

in the present study.

Main specification of the marine radar used

Length 197 cm

Beam width H:1.2°,V: 22°
Antenna

Scan speed 24, 48 rpm

Polarization H

Frequency 941030 MHz

Peak power 25kW, Magnetron

Transmitter | Pulse width 0.08,0.2,0.3,0.6,1.2 ps
PRF 2000 Hz
12, 30, 45, 90, 180 m

Range resolution

. IF (bandwidth) |60 MHz (5, 15 MHz)
Receiver -
Noise figure <6dB
Size 19 inch colour LCD
Monitor | Resolution 12801024 pixcel

Range accuracy |8 m
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Fig. 2 Map showing Sakurajima, marine radar location,

and observation area defined by radar beam width.
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Fig. 3 Ku-band polarimetric radar (MRI) and micro-rain
radar (Hokkaido Univ.) set up at Kurokami observation

station of DPRI/Kyoto Univ. in Sakurajima.
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Table 2 Noise filters used in the present study. (Bovik,
2009; Tanaka, 2019)
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Fig. 4 Filtering non-target echoes. (a) Observed radar echo,
(b) after thresholding, (c) after median filter, (d) after

masking using ground echo information, (e) after opening,

and (f) after closing.
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Fig. 5 Preparation of ground echo
for masking: (a) from DEM, and
(b) from accumulation of radar

echoes under clear weather.
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Table 3 Properties of marine radar output images.
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Fig. 6 An example of the size and resolution of a marine

radar output image.
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Fig. 7 Eruption and precipitation detection areas.

3.3.2 BRIOA—AVTYIR

WEE K DRI & MK DR X B RO BTz,
kAT 7 A (INDEX_E) ZRDOXIICEHKRT H.
EABHZTY 7O a—0F8EELBIFIZL,
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Table 4 Echo index for volcanic eruption and

precipitation.

D_X: gray level of a pixel of observed echo (0 —255)
D1_X: threshold for week echo (default value=40)

D2_X: threshold for strong echo (default value=150)
S0_X: no echo area (pixel number)

S1_X : week echo area (pixel number)

S2_X: strong echo area (pixel number)

S X=S0 X +SI X+S2_

X : detection area (pixel number)

V1_X: acceptance value for week echo (default value=0.1)
V2_X: acceptance value for strong echo (default value=0.1)
I1_X: week echo index (0 or 1)

12_X: strong echo index (0 or 2)

I X=max(I1_X, 12_X): echo index (0 or 1 or 2)

Fig. 8 Schematic figure showing the conditions for

non-echo, week echo, and strong echo.
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Table 5 Definition of echo index.
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Fig. 9 Schematic picture of time series of echo index.
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Fig. 10 Explosive volcanic eruption from the
Minamidake vent. Sakurajima, 03:34 LST, May 29,
2018. See ‘Animation_1.gif" in Appendix II.
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ERTCHDE, Index=1 (BT —) 533:2884
Beicikme L C RO DD, 33412880 = = — A3 ELHI
S NIndex=2DIRRENIBTE THWV TV D, T D%,
Index=1DIRFEAS e < 723, 3:38EHICIFFH WV MEF = o2 —

— 141 —



OEEN —FFIZKE <720, 3448013/ S 7 fE
Lotz IRHLDI END, FRWEBIEM R KL
34T L, MEARERRERNIT35y, SWVIEKILE
DFMRE L TIAEL TV LW TE D, BAkA v
Ty 7 ATEIZOTH Y, BRI ol Z &N
5.

Fig. 11 Temporal change of eruption index.
Sakurajima, 03:34 LST, May 29, 2018.

WE S 1 B D 2R AL & % O B FlE D28 L & Fig. 121
YLK, S T30 ms T O RS TREA L
HE & < LR 2S B RIB00R 14 (2 1T e i e EE#94100
m (MEHREE) ICEL WD, EAkEORZ0RHEIC
M FHEBEEN EIR Y Z D% ER LTS,
IHIREIHDE Ak E E L2 DEEXOLND. 1
[B] B Ok & O RHIFIRIZAISOR & HEE S 47z

Fig. 12 Temporal change of the eruption column top
height and its upward speed. Sakurajima, 03:34 LST,
May 29. 2018.
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Fig. 13 Continuous volcanic eruption from the
Minamidake vent, Sakurajima, 08:40 LST, May 3, 2018.
See ‘Animation_2.gif* in Appendix II.
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Fig. 14 Temporal change of eruption index.
Sakurajima, 08:40 LST, May 3, 2018.
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Fig. 15 Temporal change of the volcanic eruption column
top height and its upward speed. Sakurajima, May 3,
2018.
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Fig. 16 Continuous volcanic eruption under rain
condition. Sakurajima, 22:30 LST, Feb. 28, 2018.

See ‘Animation_3.gif* in Appendix II.
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Fig. 17 Volcanic eruption under rain condition.
Sakurajima, 22:01 LST, May 25, 2018.
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Fig. 18 Temporal change of the eruption column top
height and its upward speed. Sakurajima, 22:01 LST,
May 25. 2018.
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Appendix 1: List of Sakurajima volcanic eruptions observed by marine radar

Bold: Typical eruptions (Subjective) and files are available in Maki and Tokushima (2020). *: Reanalysis.
Exp: Explosive eruption. Time: Eruption onset time.

Height: Eruption column top height. Dir: Direction of eruption cloud.

Ejecta: Number shows the relative distance to the vent (5: halfway, 10: vet, x: unknown).

Pic: Camera image of MLIT.

Ku: Ku-band radar data of MRI.

Time Height

NO | Exp File name (LST) (km) Dir | Ejecta | Rain | Pic | Ku
1 1 ani0l_20180411_17221187_17364883 17:22 1000 E X O
2% ani02_20180416_13230022_13345898 13:23 2500 SE X O O
3 2 | ani03_20180422_00380067_00465990 | 00:38 2100 T 5 O

4 ani04_20180422_11440114 11595992 11:44 1600 N -

5* 3 | ani05_20180423_05460074_05545997 | 05:46 2800 NE 8 O

6 4 | ani06_20180425_08260035_08311055 08:26 1800 SE X

7 ani07_20180425_14500066_14595918

8 5 | ani08_20180426_00484085_00595942 | 00:48 X X X O

9 ani09_20180426_11160121_11264832 11:16 2000 T - O

10 6 anil0_20180426_23273045_23465416 23:27 2100 E 4

11 7 anill_20180427_01555111_02195890 01:55 >200 NE 7

12 anil2_20180427_07180076_07355978 07:18 1900 SE -

13* 8 anil3_20180428_07090024_07135936 07:08 2400 SwW -

14 9 anil4_20180428_20160033_20255913 20:15 1700 T

15 10 | anil5_20180428_23513940_00095896 23:51 1100 T -

16 11 | anil6_20180429 11143037_11243815 11:14 1800 NE - O
17* | 12 | anil7_20180429_21130036_21295897 21:13 2600 NE 6 O
18 13 | ani1l8_20180430_20354009_20495887 20:35 1500 SE 8 O
19 14 | anil9_20180501_01531361_02045934 01:53 1800 E -
20 15 | ani20_20180502_06450085_06582835 06:45 X X X O
21 16 | ani21_20180503_08402913-08481716

(Anim_ation_2) - 08:40 1500 SE -
22* | 17 | ani22_20180504_22090043-22185903 22:09 2800 SE 5 O
23 23 | ani23_20180505_14390048-14959999 14:39 1600 E
24* | 18 | ani24_20180510_19220066-19315847 19:22 2800 S 8 O
25 19 | ani25_20180511_08551617-09065945 08:55 1900 NW -
26 20 | ani26_20180511_12023863-12095447 12:02 1300 NE -
27* | 21 | ani27_20180512_11512349-11574196 11:51 2500 N - O
28 22 | ani28_20180512_21395078-21433419 21:38 300 N? 7
29 23 | ani29_20180513_12570240-13033043 12:57 1100 E X
30 24 | ani30_20180514_00425687-00471407 00:42 1800 SE 9
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NO | Exp File name Time Height Dir | Ejecta | Rain | Pic | Ku
(LST) (km)

31 25 | ani31_20180514_06571716-07013539 06:57 1900 SE X
32 | 26 | ani32_20180514_09221328-09253132 09:22 2200 SE X O
33 27 | ani33_20180514_17414101-17444458 17:41 1500 S -
34 | 28 | ani34_20180514_20483575-20513965 20:48 2000 S 8
35* | 29 | ani35_20180515_08083441-08300012 08:08 2500 T -
36* | 30 | ani36_20180515_15124524-15320912 15:13 2700 T - O
37 | 31 | ani37_20180516_22201561-22310420 22:20 2200 NE 7 O
38 | 32 | ani38_20180517_10141926-10242072 10:14 1000 E X
39 | 33 | ani39_20180518_03082517-03144879 03:08 X X X
40 ani40_20180518_16282774_16342457 16:28 1200 SE X
41 | 34 | ani41_20180519_13125328_13244350 13:12 1900 SE X
42 | 35 | ani42_20180520_00455444_00591530 00:45 800 T 6
43 | 36 | ani43_20180520_02091671_02242535 02:08 1300 E 9 O
44* | 37 | ani44_20180520_04095977_04210579 04:09 300 T 6
45 | 38 | ani45_20180521_09103288_09110979 09:10 700 W X O
46 39 | ani46_20180522_04455750_04484356 04:45 1500 w 5 O
47* | 40 | ani47_20180522_19485872_20034874 19:48 - - 5
48 | 41 | ani48_20180523_23582126_00051528 23:58 1900 SE 5
49 | 42 | ani49_20180524_15343115_ 15403556 15:34 2000 | SW -
50* | 43 | ani50_20180524_ 19374913_19504402 19:37 3200 SW 5 O
51 | 44 | ani51_20180525_10430849_10480036 10:43 1800 N -
52* | 45 | ani52_20180525_13260046_13345904 13:26 3000 NE 6 O
53 | 46 | ani53_20180525_19000489-19163618 19:00 3000 N 8
54 *ani54_20180525_22011483-22065414 22:01 2200 NE O O
55* | 47 | *ani55_20180529_ 03343500-03545414 03:34 2500 T 6 O
56* *ani56_20180530_08010768-08211578

(Animation_1) 08:01 2500 =
57 48 | *ani57_20180531_11454884-11490928 11:45 1700 SE - O
AO aniA0_20180228_22300062-22495890 99-30 <2000 £ o

(Animation_3)
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file:///H:/ani_20180524_19374913-19504402.gif

Appendix I1: Animation gif files
Following files are available in Maki and Tokushima (2020).
Animation_1.gif: Sakurajima eruption, 03:34 LST, May 29, 2018.
Animation_2.gif: Sakurajima eruption, 08:40 LST, May 3, 2018.

Animation_3.gif: Sakurajima eruption, 22:30 LST, Feb. 28, 2018.
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