
Deep-sea water displacement from a turbidity
current induced by the Super Typhoon Hagibis
(#50841)

1

First revision

Guidance from your Editor

Please submit by 21 Oct 2020 for the benefit of the authors .

Structure and Criteria
Please read the 'Structure and Criteria' page for general guidance.

Raw data check
Review the raw data.

Image check
Check that figures and images have not been inappropriately manipulated.

Privacy reminder: If uploading an annotated PDF, remove identifiable information to remain anonymous.

Files
Download and review all files
from the materials page.

1 Tracked changes manuscript(s)
1 Rebuttal letter(s)
6 Figure file(s)
1 Video file(s)
1 Raw data file(s)

https://peerj.com/submissions/50841/reviews/766305/materials/


For assistance email peer.review@peerj.com
Structure and
Criteria

2

Structure your review
The review form is divided into 5 sections. Please consider these when composing your review:
1. BASIC REPORTING
2. EXPERIMENTAL DESIGN
3. VALIDITY OF THE FINDINGS
4. General comments
5. Confidential notes to the editor

You can also annotate this PDF and upload it as part of your review
When ready submit online.

Editorial Criteria
Use these criteria points to structure your review. The full detailed editorial criteria is on your guidance page.

BASIC REPORTING

Clear, unambiguous, professional English
language used throughout.
Intro & background to show context.
Literature well referenced & relevant.
Structure conforms to PeerJ standards,
discipline norm, or improved for clarity.
Figures are relevant, high quality, well
labelled & described.
Raw data supplied (see PeerJ policy).

EXPERIMENTAL DESIGN

Original primary research within Scope of
the journal.
Research question well defined, relevant
& meaningful. It is stated how the
research fills an identified knowledge gap.
Rigorous investigation performed to a
high technical & ethical standard.
Methods described with sufficient detail &
information to replicate.

VALIDITY OF THE FINDINGS

Impact and novelty not assessed.
Negative/inconclusive results accepted.
Meaningful replication encouraged where
rationale & benefit to literature is clearly
stated.
All underlying data have been provided;
they are robust, statistically sound, &
controlled.

Speculation is welcome, but should be
identified as such.
Conclusions are well stated, linked to
original research question & limited to
supporting results.

mailto:peer.review@peerj.com
https://peerj.com/submissions/50841/reviews/766305/
https://peerj.com/submissions/50841/reviews/766305/guidance/
https://peerj.com/about/author-instructions/#standard-sections
https://peerj.com/about/policies-and-procedures/#data-materials-sharing
https://peerj.com/about/aims-and-scope/
https://peerj.com/about/aims-and-scope/


Standout
reviewing tips

3

The best reviewers use these techniques

Tip Example

Support criticisms with
evidence from the text or from
other sources

Smith et al (J of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Give specific suggestions on
how to improve the manuscript

Your introduction needs more detail. I suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

Comment on language and
grammar issues

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 – the current phrasing makes
comprehension difficult.

Organize by importance of the
issues, and number your points

1. Your most important issue
2. The next most important item
3. …
4. The least important points

Please provide constructive
criticism, and avoid personal
opinions

I thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

Comment on strengths (as well
as weaknesses) of the
manuscript

I commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as I have noted above) which should be
improved upon before Acceptance.



Deep-sea water displacement from a turbidity current induced
by the Super Typhoon Hagibis
Shinsuke Kawagucci Corresp., 1, 2 , Tetsuya Miwa 2, 3 , Dhugal J Lindsay 4, 5 , Eri Ogura 4, 5 , Hiroyuki Yamamoto 2, 6 , Kenichiro
Nishibayashi 7 , Hiroyuki Yokooka 7 , Shotaro Nishi 7 , Ayu Takahashi 8 , Sangkyun Lee 8

1 Super-cutting-edge Grand and Advanced Research (SUGAR) Program, Institute for Extra-cutting-edge Science and Technology Avant-garde Research (X-
star), Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokosuka, Japan
2 Project team for developing innovative technologies for exploration of deep-sea resources, Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), Tokyo, Japan
3 Institute for Marine-Earth Exploration and Engineering (MarE3), Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokosuka, Japan
4 Institute for Extra-cutting-edge Science and Technology Avant-garde Research (X-star), Advanced Science-Technology Research (ASTER) Program, Japan
Agency for Marine-Earth Science and Technology (JAMSTEC), Yokosuka, Japan
5 Graduate School of Nanobioscience, Yokohama City University, Yokohama, Japan
6 Research Institute for Global Change (RIGC), Marine Biodiversity and Environmental Assessment Research Center (BioEnv), Japan Agency for Marine-
Earth Science and Technology (JAMSTEC), Yokosuka, Japan
7 Research and Development Partnership for Next Generation Technology of Marine Resources Survey (J-MARES)/ IDEA Consultants, Tokyo, Japan
8 Research and Development Partnership for Next Generation Technology of Marine Resources Survey (J-MARES) / JGI, Inc., Tokyo, Japan

Corresponding Author: Shinsuke Kawagucci
Email address: kawagucci@jamstec.go.jp

Turbidity currents are themain drivers behind the transportation of terrestrial sediments to
the deep sea, and turbidite deposits from such currents have been widely used in
geological studies. Nevertheless, the contribution of turbidity currents to vertical
displacement of seawater has rarely beendiscussed. This is partly because until recently,
deep-sea turbidity currents have rarely been observed due to their spontaneous nature,
being usually triggered by meteorological or geological events such as typhoons and
earthquakes. Here, we report a direct observation of a deep-sea turbidity current using the
recently developed Edokko Mark 1 monitoring system deployed in 2019 at a depth of
1,370 m in Suruga Bay, central Japan. A turbidity current occurred two days after its
probable cause, the Super Typhoon Hagibis (2019), passed through Suruga Bay while
causing devastating damage. Over aperiod of 40 hours, we observed increased turbidity
with turbulentconditions confirmed by a video camera. The turbidity exhibited two sharp
peaks around 3:00 and 11:00 onOctober 14 (Japan Standard Time). The temperature and
salinity characteristics during these high turbidity events agreed with independent
measurements for shallow water layers in Suruga Bay at the same time, strongly
suggesting that the turbidity current caused vertical displacement in the bay’swater
column by transporting shallower waters downslope of the canyon. Our results add to the
previous few examples thatshow meteorological and geological events may have
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significant contributions in the transportation of shallower seawater to the deep. Recent
technological developments pertaining to theEdokko Mark 1 and similar devices enable
straightforward, long-term monitoring of the deep-seafloor and will contribute to the
understanding of similar spontaneous events in the deep ocean.
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33 Abstract

34 Turbidity currents are the main drivers behind the transportation of terrestrial sediments to the 

35 deep sea, and turbidite deposits from such currents have been widely used in geological studies. 

36 Nevertheless, the contribution of turbidity currents to  vertical displacement of seawater has 

37 rarely been discussed. This is partly because until recently, deep-sea turbidity currents have 

38 rarely been observed due to their spontaneous nature, being usually triggered by meteorological 

39 or geological events such as typhoons and earthquakes. Here, we report a direct observation of a 

40 deep-sea turbidity current using the recently developed Edokko Mark 1 monitoring system 

41 deployed in 2019 at a depth of 1,370 m in Suruga Bay, central Japan. A turbidity current 

42 occurred two days after its probable cause, the Super Typhoon Hagibis (2019), passed through 

43 Suruga Bay while causing devastating damage. Over a period of 40 hours, we observed increased 

44 turbidity with turbulent conditions confirmed by a video camera. The turbidity exhibited two 

45 sharp peaks around 3:00 and 11:00 on October 14 (Japan Standard Time). The temperature and 

46 salinity characteristics during these high turbidity events agreed with independent measurements 

47 for shallow water layers in Suruga Bay at the same time, strongly suggesting that the turbidity 

48 current caused vertical displacement in the bay’s water column by transporting shallower waters 

49 downslope of the canyon. Our results add to the previous few examples that show meteorological 

50 and geological events may have significant contributions in the transportation of shallower 

51 seawater to the deep. Recent technological developments pertaining to the Edokko Mark 1 and 

52 similar devices enable straightforward, long-term monitoring of the deep-seafloor and will 

53 contribute to the understanding of similar spontaneous events in the deep ocean.  
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55 Introduction

56

57 Turbidity currents are particle-laden, gravity-driven flows that efficiently transport terrigenous 

58 sediment and organic matter, as well as benthic fauna and microplastics, to the deep sea 

59 [Meiburg & Kneller 2010; Sen et al. 2017; Pohl et al. 2020]. The damaging of seafloor fiber-

60 optic cables by turbidity currents causes serious disruption of social activities [Pope et al. 2017]. 

61 The sedimentary deposits resulting from turbidity currents are known as turbidites and have been 

62 widely used in geological studies [e.g. Piper & Normark 2009]. For example, dating of the 

63 repeated turbidite sequences in the accretionary prism provide decisive evidence for tectonic 

64 evolution at the convergent plate boundary [Taira 2001]. Despite these multidimensional 

65 interests, direct observation of turbidity currents in the deep sea had been rare until the beginning 

66 of this century [Talling et al. 2013] due to their unpredictable nature and the limited accessibility 

67 resulting from challenges and ship time costs of deep-sea expeditions although numbers of the 

68 observation have increased during the last decade [Xu, 2010; Liu et al., 2012; Khripounoff et al., 

69 2012; Hughes Clarke, 2019; Paull et al., 2018; Wang et al., 2020; Heerema et al., 2020; Hage et 

70 al., 2019; Normandeau et al., 2020; Lintern et al., 2016; Simmons et al., 2020].

71

72 Limited in situ direct observations provide the only clues to understand the possible impacts of 

73 deep-sea turbidity currents. To date, oceanographic CTD sensors deployed on seafloor 

74 observatories have revealed seawater temperature increases associated with deep-sea turbidity 

75 currents [Khripounoff et al. 2012; Wang et al. 2020]. A deep-sea mooring observatory off 

76 Taiwan has repeatedly captured typhoon-triggered turbidity currents and subsequent temperature 

77 increases over a period of 3.5 years [Zhang et al. 2018]. Cabled observatories placed on the deep 

78 seafloor have also captured turbidity currents triggered by earthquakes, such as at the Kuril 

79 subduction zone [Mikada et al. 2006] and off Hatsushima Island in central Japan [Kasaya et al. 

80 2009]. These observations were coupled with temperature increases, suggesting low-density, 

81 shallow seawater were transported into deep depths as the interstitial water of turbidity currents, 

82 against the density stratification of the water column [Kao et al. 2010]. However, whether or not 

83 turbidity currents routinely cause such vertical displacement of seawater remains unclear due to 

84 the limited number of observations.

85

86 In addition to earthquakes, powerful tropical cyclones can also provide opportunities for the 

87 direct observation of deep-sea turbidity currents [e.g. Liu et al. 2012; Pope et al. 2017; Sequeiros 

88 et al. 2019]. On October 12 in 2019 (all  timestamps in this paper are presented in JST: Japan 

89 Standard Time, UTC+9:00), the extremely large Super Typhoon Hagibis (2019) struck the main 

90 island of Japan, leading to a total of 86 deaths [Fire and Disaster Management Agency 2019] and 

91 the cancellation of three Rugby World Cup matches. Hagibis reached its peak intensity with a 

92 minimum atmospheric pressure of 915 hPa over the Philippine Sea on October 7, and passed 

93 through Suruga Bay with an atmospheric pressure of 955 hPa at 18:00 on October 12 (Figure 

94 1A) [Japan Meteorological Agency 2019a]. During the passing of Hagibis, a maximum sea-level 
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95 departure of 224 cm and a 24-hour cumulative precipitation of up to 760 mm per m2 were 

96 recorded on the Izu Peninsula on the east coast of Suruga Bay, and a warning for severe flooding 

97 was issued for the riverine area until the morning of October 13 [Shizuoka Local Meteorological 

98 Office 2019; Takemi and Unuma 2020]. A global seafloor cable-break database analysis 

99 demonstrated that tropical cyclones can trigger deep-sea turbidity currents several days after the 

100 cyclone’s passing [Pope et al. 2017]. We thus attempted a direct observation of the Hagibis-

101 linked deep turbidity current in Suruga Bay two days after the passing of Hagibis. Here, we 

102 report visual and oceanographic properties of this in situ turbidity current, captured by the free-

103 fall-type deep-sea observatory system Edokko Mark 1 (Figure 2).

104

105

106 Materials & Methods

107

108 The Edokko Mark 1 (Type HSG) is an all-in-one, free-fall, stand-alone deep-sea monitoring 

109 system [Miwa et al. 2015, Japan Agency for Marine-Earth Science and Technology 2017], 

110 provided by Okamoto Glass Co. Ltd. (https://ogc-jp.com/en/). The Edokko Mark 1 and other 

111 similar systems [Gallo et al. 2020; Clare et al. 2020] increase our capability for the observation 

112 of deep-sea turbidity currents when typhoons, earthquakes, or tsunamis impact marginal seas.

113

114 The Edokko Mark 1 has a main frame with three glass spheres containing the main computer, 

115 HD video cameras, 2400-4000 lumen LED lights, transponder, and batteries. The main frame is 

116 further equipped with an acoustic releaser for the ballast weight at the base, a floating glass 

117 sphere with a radio beacon and flasher at the top, and a 75 cm long, 50 cm wide PVC arm for 

118 image-based measurements in the front (Figure 2). Edokko Mark 1 is capable of monitoring for 

119 up to three months, owing to reduced battery consumption from a programmable long-term 

120 monitoring mode allowing intermittent, periodic observations. In this study, Edokko Mark 1’s 

121 electric system was continuously powered until 15:23 on 14 October, after which it entered a 

122 long-term monitoring mode with observations carried out for 1 minute every 30 minutes until 

123 shipboard recovery at 10:20 on 16 October. In the set up used in the present study, a CTD 

124 profiler (RINKO profiler, JFE Advantech) and a turbidity meter (ASTD2XTU, JFE Advantech 

125 Co., Ltd.) were further attached to the main frame at ~1.2 m above the seafloor (Figure 2). The 

126 unit of turbidity, FTU, is defined as 1 FTU = turbidity where 1 mg of formazin is 

127 homogeneously suspended in 1 L of water.

128

129 Edokko Mark 1 landed on the seafloor at a depth of 1,370 m at the mouth of Heda Canyon, in the 

130 northeastern region of Suruga Bay (35°59.63’N - 138°40.30’E). The topography of Heda Canyon 

131 is characterized by a narrow and winding valley (Figure 1B) that suggests the repeated 

132 occurrence of deep-sea turbidity currents in the past [e.g. Azpiroz-Zabala et al. 2017], probably 

133 associated with floods from the Heda River located on the Izu Peninsula (Figure 1A).

134

PeerJ reviewing PDF | (2020:07:50841:1:1:NEW 23 Sep 2020)

Manuscript to be reviewed



135 Still images were extracted from the video recordings at a 1 Hz frequency using OpenCV (cv2) 

136 within a custom-built Python script (https://github.com/dhugallindsay/Image-based-turbidity-

137 flow-detection). Each 1 minute-long recording event contained several seconds at the beginning 

138 when the lighting conditions were unstable just after power supply started. Care was taken 

139 during the image extraction to set the start and end times to include only the time period for 

140 which lights were on and the illumination was stable. A total of 49 images were extracted from 

141 each 1-min recording-interval movie (.mpeg) file. The brightness values (0-255) for each color 

142 channel (red, green, blue: RGB) were calculated for each and every pixel in the image and the 

143 average values for each channel were then combined using the following formula: L = 

144 B*0.114478+G*0.586611+R*0.298912, where L is luminance, according to the International 

145 Telecommunication Union standard ITU-R BT.601 [International telecommunication Union 

146 2011]. An average luminance value was then calculated for each image by averaging the values 

147 for all pixels, and the 49 values for the 49 images were then averaged to calculate the average 

148 luminance of each 49 second-long video file. 

149

150 A vertical profile of seawater properties at the deployment location for the Edokko Mark 1 was 

151 made using a XCTD profiler (XCTD-4, Tsurumi-Seiki Co., Ltd.). For a comparison to the 

152 baseline, a CTD data profile, RF-6374 (34°39.12’N - 137°00.71’E), was derived from open data 

153 of the 50-years 137°E hydrographic section maintained by the Japan Meteorological Agency 

154 [e.g. Oka et al. 2018; Japan Meteorological Agency 2019b].

155

156

157 Results

158

159 The 40 hours of intermittent monitoring with Edokko Mark 1 successfully detected in situ deep-

160 sea turbidity currents, probably associated with Typhoon Hagibis. Edokko Mark 1 monitored and 

161 recorded the temporal variation of pressure, turbidity, temperature, and salinity (Figure 3), as 

162 well as recording video images (Figures 4 and 5). Oscillation of the seafloor pressure 

163 corresponded to the tidal cycle, while the approximate mean pressure of 14.05 MPa represents 

164 the water depth of ~1,370 m where the Edokko Mark 1 was deployed.

165

166 Seawater turbidity varied drastically during the observation period (Figure 3). The turbidity 

167 stayed at a low level between 1-5 FTU with slight fluctuations until the end of October 14. From 

168 00:55 to 14:55 of October 15, a high turbidity of >10 FTU was observed. Eventual spikes over 

169 50 FTU were recorded at 02:55-04:26 and 11:26-11:56, hereafter referred to as the AM3 event 

170 and AM11 event, respectively. There was a relatively calmer period between 07:55-10:56. After 

171 14:55 of 15 October, the turbidity again dropped to a low level until the observation ended on 

172 October 16. The timings of turbidity increment at 00:55 and the AM3 event corresponded to 

173 those of the low tide, while the turbidity peak of the AM3 event was ~3 hours after the last low 

174 tide. 
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175

176 Magnitude of seawater cloudiness in the video images recorded by the camera (Figures 4, 5) 

177 corresponded well to turbidity levels recorded by the turbidity sensor (Figure 3). At 00:26 on 15 

178 October, the horizontal bars of the Edokko Mark 1’s arm, located ~30 cm away from the front of 

179 the main body, can be identified (Figure 4A). During the period from 00:56 on 15 October, 

180 where strong turbidity was detected, video images confirmed a storm of brownish particles and 

181 the bars became indiscernible (Figure 4B, 4C). When the turbidity reached over 100 FTU at 

182 03:56, the video camera blacked out (Figure 4D, 4E), suggesting that the turbidity current struck 

183 the camera and light on Edokko Mark 1 after 03:26. Following a relatively calm period (Figure 

184 4F, 4G), another black-out situation occurred at 11:26 on 15 October during the AM11 event, 

185 when the video camera captured the moment where a turbidity current struck the Edokko Mark 1 

186 (Figures 4H, 5) (Supplementary Video File). After 13:55 on 15 October, when turbidity values 

187 were lower than 10 FTU, the arm was again identifiable in the video images (Figure 4I, 4J, 4K). 

188 The RGB characteristics of the images demonstrated a decrease in blue component when the 

189 seawater turbidity increased (Figure 3), indicating the predominance of brownish particles.

190

191 Both temperature and salinity, monitored by the Edokko Mark 1, were not stable during the 

192 observation period. The temporal variations of temperature and salinity generally yielded a 

193 mirror image of each other, even during the temperature peak at 02:55-03:26 on 15th October, in 

194 the AM3 event (Figure 3) just before the extreme turbidity over 100 FTU was recorded at 03:55. 

195 At the AM11 event, however, only salinity decreased while temperature remained relatively 

196 stable. The degree of variation seen in both temperature and salinity were large leading up to the 

197 AM11 event, and became more stable after that. Quantitatively, the mean temperature (shown 

198 with standard deviation) before the AM11 event was 2.78±0.04 oC and 2.83±0.02 oC after it. The 

199 mean salinity, on the other hand, was 34.485±0.005 before the AM11 event and 34.478±0.002 

200 after. Note that the temperature and salinity data during the AM3 and AM11 events were 

201 eliminated from the calculation. The decreases in salinity, measured by conductivity using the 

202 CTD, were observed during the high turbidity events. These are attributable not only to seawater 

203 with lower salinity, but also to increased concentration of suspended particles due to suspended 

204 particles being less conductive than seawater [e.g. Wang et al. 2020]. On the other hand, the 

205 thermometer is inert to the changes in concentrations of suspended particles and was thus 

206 unaffected.

207

208  The relationships between the timing of low tide, increase in turbidity and temperature, and 

209 video capture of destructive turbidity current differed between AM3 and AM11 events. Before 

210 the AM3 event, the lowest tide occurred at midnight and was followed by increase in turbidity at 

211 around 01:00 and temperature at around 02:00 (Figure 3), both reaching highest values at the 

212 AM3 event. Before the AM11 event which happened at the same time as a low tide, however, no 

213 such signs were detected in the sensors prior to the visual confirmation of the turbidity current, 

214 following which the turbidity declined consistently.
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215

216 The characteristics of potential temperature and salinity observed by the Edokko Mark 1 during 

217 the turbidity current observation generally agreed with those of the ambient water column at the 

218 Edokko Mark 1’s deployment locality, as observed by the XCTD, as well as the reliable 

219 reference data RF-6374 (Figure 6). Slight offsets of potential temperature and salinity 

220 characteristics among data from the Edokko Mark 1, XCTD, and RF-6374 are probably due to 

221 the insufficient calibration of one or more devices. Consistencies in the trends of potential 

222 temperature and salinity variation between the seafloor-deployed Edokko Mark 1 and vertical 

223 profilers strongly suggests the displacement of the generally-stratified deep seawater around the 

224 Edokko Mark 1. Outside the two events, the potential temperature and salinity values recorded 

225 by the Edokko Mark 1 showed slight fluctuation and corresponded to those of the ambient deep-

226 seawater at 1,300-1,380 m depth observed by the XCTD, close to the seafloor depth of 1,370 m 

227 (Figure 6). Potential temperature and salinity recorded by the Edokko Mark 1 during the AM3 

228 event also followed the trend of the ambient seawater and corresponded to those of seawater 

229 ~200 m shallower than Edokko Mark 1’s location (Figure 6A-D). Although the properties of the 

230 seawater during the AM3 event appears to be attributable to ~1 % contribution of surface 

231 seawater with a salinity of 31 and temperature of 25 °C into the bottom water (Figure 6E), the 

232 direct bimodal mixing between surface and bottom waters is unlikely due to some mixing with 

233 seawater at intermediate depths during the downslope transportation being inevitable. On the 

234 other hand, the potential temperature and salinity during the AM11 event are too far deviated 

235 from those of the water column, suggesting false conductivity signals resulting from the high 

236 concentration of suspended particles, as discussed above.

237

238

239 Discussion

240

241 Turbidity currents can be considered to be the driving force for the vertical stirring of deep-sea 

242 water observed in the CTD data during this study, since, in general, low-density shallow 

243 seawater cannot sink down to great depths without an external driving force. In support of this, 

244 previous observations by cabled observatories have consistently recorded increases of seawater 

245 temperature at the seafloor accompanied with turbidity currents [Mikada et al. 2006, Kasaya et 

246 al. 2009, Zhang et al. 2018]. Since a turbidity current is a composite of sedimentary particles 

247 suspended in a seawater matrix, the density is naturally higher than the density of interstitial 

248 water alone and causes the shallow seawater to sink to great depths [Kao et al. 2010]. This 

249 mechanism is the most plausible explanation for the current CTD observations by the Edokko 

250 Mark 1. As interstitial water density of the typhoon-induced turbidity current during the AM3 

251 event was ~0.05 kg/m3 lower than that during periods outside of the two events (Figure 6D), the 

252 turbidity current was able to obtain sufficient density from the suspended particles. The 

253 suspended particles of >50 FTU, corresponding to 0.05 kg/m3  under the model definition, can 

254 produce sufficient gravity in the whole turbidity current, resulting in the sinking of seawater into 
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255 the depths of Suruga Bay from at least 200 m above  the seafloor. We would, however, caution 

256 that the 1:1 model conversion of FTU to g/m3 is unlikely to be accurate for natural seawater due 

257 to variable densities of suspended particles.

258

259 The deep-sea turbidity current observed in this study was probably induced by the record-

260 breaking Super Typhoon Hagibis (2019). Although the deep-sea turbidity current observed here 

261 occurred two days after Hagibis passed over Suruga Bay, it has previously been reported that 

262 deep-sea turbidity current occurred even several days after a cyclone passes [Pope et al. 2017].  

263 Although earthquake-induced deep-sea disturbances have been observed to date [Mikada et al. 

264 2006; Kasaya et al., 2009; Kawagucci et al. 2012; Noguchi et al. 2012], no significant earthquake 

265 (M>1) occurred around the Suruga Bay area during Edokko Mark 1’s monitoring period. Even 

266 though an M5 earthquake occurred at ~200 km east of Suruga Bay at 18:00 on 12 October [JMA 

267 2019], this is both too early and too far away to have been the cause for the turbidity current 

268 observed in Suruga Bay by the Edokko Mark 1.

269

270 Pin-pointing the trigger mechanism for the deep-sea turbidity current observed herein is 

271 challenging, due to the limited availability of information. The turbidity current was observed 

272 from a single monitoring location and a single vertical point of the deployed system that could 

273 not measure the direction and speed of the in situ current, with no supplemental observation at 

274 the river and coast to confirm the exact time and location of the turbidity current release. A 

275 known major trigger mechanism for the turbidity current associated with typhoon is river flood 

276 [Liu et al. 2012; Lintern et al., 2016; Clare et al., 2016; Hage et al., 2019]. The torrential rainfall 

277 from Hagibis on October 12 [Takemi and Unuma 2020] indeed resulted in intensive flooding of 

278 rivers in the Izu Peninsula, subsequently flowing into the eastern part of Suruga Bay [Shizuoka 

279 Local Meteorological Office 2019]. However, the water level of these rivers returned to normal 

280 before the noon of October 13 [Shizuoka Local Meteorological Office 2019], over 24 hours 

281 before the turbidity flow event we observed on October 15. This long lag suggests that the 

282 flooding associated with Hagibis itself could not trigger the observed turbidity current. On the 

283 other hand, turbidity in the river water may have remained high until October 15 after flooding 

284 has ceased, and this hyperpycnal river flow could have continued to supply sufficient suspended 

285 particles to trigger the turbidity current. If this combined with low tide at midnight of October 15 

286 to trigger the turbidity current seen during the AM3 event, it would have had a horizontal 

287 velocity of ~1 m/sec, estimated from the duration of 3 hours and the distance of approximately 

288 11 km between the Heda river mouth and the location of our Edokko deployment (Figure 1A). 

289 This is comparable with the typical velocity seen in turbidity currents [e.g. Khripounoff et al. 

290 2012]. The seawater property demonstrating entrainment with seawater from ~200 m shallower 

291 is also not inconsistent with this trigger mechanism when located at a coastal region. 

292 Nevertheless, no concrete evidence is available to verify this scenario. 

293  
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294 Another possible trigger for the turbidity current observed is submarine slope failure. It has 

295 previously been reported that the rapid accumulation of seafloor sediment associated with 

296 tropical cyclones can eventually cause submarine slope failure, resulting in the runoff of a deep-

297 sea turbidity current, even several days after a cyclone passes [Pope et al. 2017]. The torrent of 

298 flooding, muddy streams in the forest-rich Izu Peninsula up until the noon of October 13 

299 delivered an unusually large amount of terrestrial soil into the seafloor of Suruga Bay, and a part 

300 of this accumulation may be further transported into the deep sea before the start of our 

301 observation on October 14. Such unconsolidated sediments could serve as precursors of the 

302 turbidity current observed on October 15. Particularly, the turbidity current at the AM11 event 

303 which occurred synchronously at low tide without changes in seawater properties would have 

304 occurred locally, possibly triggered by a local slope failure around the Edokko Mark 1, rather 

305 than being directly triggered by turbid waters from the river.

306

307

308 Conclusions

309 We successfully recorded a deep-sea turbidity current probably induced by the Super Typhoon 

310 Hagibis and vertical stirring of deep-sea water due to this turbidity current, based on 

311 observations by the easy-to-use, autonomous monitoring system Edokko Mark 1. These 

312 spontaneous events are difficult to observe without in situ long-term monitoring, and this 

313 capacity will help illuminate the diverse forms and mechanisms of turbidity currents in the deep 

314 ocean.
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Figure 1
Topography around (A) Suruga Bay and (B) the Heda Canyon.

Red broken line shows a track of Typhoon Hagibis on 12 October 2019.
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Figure 2
Edokko Mark 1.

(A) Composition and (B) Being deployed.
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Figure 3
Temporal variation of parameters monitored by Edokko Mark 1.

(A) pressure, (B) turbidity, (C) RGB values of video images, (D) temperature, and (E) salinity.
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Figure 4
Representative images captured by the video camera on Edokko Mark 1.

Time of extracted images are shown on the frame grabs with panel name (A-J). A black
horizontal bar was placed ~50 cm away from the video camera for distance indication.
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Figure 5
Figure 5: Sequential images during six seconds when a turbidity current struck Edokko
Mark 1.

PeerJ reviewing PDF | (2020:07:50841:1:1:NEW 23 Sep 2020)

Manuscript to be reviewed



PeerJ reviewing PDF | (2020:07:50841:1:1:NEW 23 Sep 2020)

Manuscript to be reviewed



Figure 6
Seawater characteristics observed by XCTD (panels A-C), Edokko Mark 1, and the
reference RF-6374 (panels D-E).
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