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Erupted on 13th August 2021, 
and pumice stones were produced.

Fukutoku-Okanoba

Figure source: www.wikipedia.com

Pumice rafts

Figure source: www. volcanodiscovery.com
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Pumices position

Submarine volcano 
Fukutoku-Okanoba, Japan



Pumice 부석(浮石) 경석(輕石)
• A volcanic rock that consists 
of highly vesicular (void) 
rough-textured volcanic glass.

• It floats on water, possibly for 
years, until it eventually 
becomes waterlogged and 
sinks.
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What is Pumice?
• Construction
• Personal Care

• remove unwanted hair or skin.
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disrupting the fishing industry 

clog harbors and beaches 

threatening local tourism

marine traffic and damaging boat engines

Figure source: NHK

Figure source: NHK Figure source: NHK

Figure source: NHK



Yoshida et al., 2022

Spreading of Pumice: Sighting



Can we predict/estimate the pathway?

• Satellites
• Near real time
• No prediction
• Cloud

• Lagrangian particle tracking
• Ocean currents and wind
• Correct?



Lagrangian Particle Tacking
Xt = Xt-1 + ∆ΤU + wind effect + diffusion

U (ocean current)Xt-1

wind Xt

8

1% 2~3% 4%~

Typical debris (Duhec et al., 2015)

• 0~1%: Fishing nets, small plastic fragments, bottle caps
• 2~3%: Polystyrene, capped PET bottles partially filled 

with sea water, empty capped glass bottles.
• 4%: Empty capped plastic bottles, fishing buoys

𝒙𝒙𝒕𝒕+∆𝒕𝒕 = 𝒙𝒙𝒕𝒕 + �
𝒕𝒕

𝒕𝒕+∆𝒕𝒕
𝒖𝒖𝒄𝒄 𝒙𝒙𝒕𝒕, 𝒕𝒕 + 𝑾𝑾𝒇𝒇𝒘𝒘𝟏𝟏𝟏𝟏𝟏𝟏(𝒙𝒙𝒕𝒕, 𝒕𝒕) ∆𝒕𝒕+ 𝑹𝑹 𝟐𝟐𝑲𝑲𝒉𝒉∆𝒕𝒕

For pumice?
Jutzeler et al., 2019
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Aug-Dec 2021

Ocean currents
HYCOM GOFS 3.1

Surface winds
ECMWF ERA5

𝑢𝑢𝑐𝑐 𝑤𝑤10𝑚𝑚

Opposite!



Purpose

• Predict/estimate the pathway of the rafts using satellites and 
Lagrangian particle tracking

• Optimal Windage factor
• satellites images
• Lagrangian particle tracking



Data and Lagrangian experiments

- Input data

Var Input Source
𝑢𝑢𝑐𝑐 Ocean current HYCOM GOFS 3.1

3hourly
𝑤𝑤10𝑚𝑚 10 m wind ECMWF ERA5

• Reanalysis Data: HYCOM

• Ocean Parcels v2.0.0 (Sebille et al., 2019)

𝒙𝒙𝒕𝒕+∆𝒕𝒕 = 𝒙𝒙𝒕𝒕 + �
𝒕𝒕

𝒕𝒕+∆𝒕𝒕
𝒖𝒖𝒄𝒄 𝒙𝒙𝒕𝒕, 𝒕𝒕 + 𝑾𝑾𝒇𝒇𝒘𝒘𝟏𝟏𝟏𝟏𝟏𝟏(𝒙𝒙𝒕𝒕, 𝒕𝒕) ∆𝒕𝒕 + 𝑹𝑹 𝟐𝟐𝑲𝑲𝒉𝒉∆𝒕𝒕

𝑾𝑾𝒇𝒇 = 0% - 4% ?

𝑲𝑲𝒉𝒉 Smagorinsky (1963)

GOCI and Sentinel-2

Experiments 

(Seo et al., 2020; Seo and Park, 2020, 2021)

24o14’ N and 141o 27’ E
~1000 particles

- Satelitte data
Location validation

Data and Method
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Satellite data

Product Dates

GOCI-II August 13/14/18/23/28

September 02/07/12/23

October 02/15/26/29

November 03/15

Sentinel-2A November 02/05/12/15/22/25

December 02/05/12/15

Sentinel-2B November 07/10/17/20/30

December 03/07/10/16

Data and Method



Best windage factor: skill score ss
Data and Method
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Liu and Weisberg (2011): 
a trackable pair 
Separation between a virtual particle 
and a buoy with GPS.

a virtual particle 

a buoy with GPS

You cannot track individual 
pumice raft using satellite 
images! But there are many.



Best windage factor: skill score ss

𝑫𝑫𝒊𝒊: Distance of particle 𝒊𝒊 to nearest pumice
𝑵𝑵 : Total number of particles
𝒍𝒍𝒐𝒐: Length of particle trajectory from initial release
M: numbers of satellite images available up to t

* Skill score SS 1:perfect

Data and Method

Satellite-derived pumices

Synthetic particles

D1
1

3
D2 D3

lo1

2

lo2

lo3

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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A trackable pair  Mean separation from clouds of partially trackable pairs 

𝑠𝑠𝑠𝑠 𝑡𝑡 = �1 −𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ≤ 1
0, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 > 1

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡 =
1
𝑀𝑀�

𝑗𝑗=1

𝑀𝑀
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁
𝐷𝐷 𝑡𝑡𝑗𝑗
𝑙𝑙𝑜𝑜 𝑡𝑡𝑗𝑗 𝑖𝑖



Pathways and travel time from origins

No Wind effect

Strong Wind effect

Results

𝑷𝑷𝒊𝒊𝒊𝒊 Pathways 𝑻𝑻𝒊𝒊𝒊𝒊 Travel time

~2-3 month

Faster towards Japan

Pathways and 
travel time
Rypina et al 2014

volcano



Results

Sensitivity of SS to windage
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• How many images 
do we need?

• Would change in 
shape (breaking) 
matter?

Maximum at 2.7% 

• Other ocean currents and 
wind data produced similar 
results.



Comparison of Centroid

Cloud coverage?

Results



Results

Trajectories with the best windages factor
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satellites
Yoshida et al., 2022

2.7%



Best windage factor 

2 branch

2021-09-27

Results

2021-08-13

Effects of a typhoon
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Smaller Windage

Particle position at 2021-09-27

1 branch



~2 month
~3-5 month

~3-5 month

Basemap source: https://en.vill.ogasawara.tokyo.jp/

Wf = 0%
Wf = ~1-2
%

Wf > ~3%
Wf = ~2-3
%

Optimum

Summaries
• We could tune a 
model using satellite 
images.

• Optimal windage for 
pumice: 2~3%
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Questions?
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Previous Study (Jutzeler et al., 2019)
Ongoing Dispersal of the 7 August 2019 Pumice Raft From the Tonga Arc in the Southwestern Pacific Ocean 

Raft dispersal one‐month simulation

satellite imagery 



Best windage factor: skill score ss

𝑫𝑫𝒊𝒊: Distance of particle 𝒊𝒊 to nearest pumice
𝑵𝑵 : Total number of particles
𝒍𝒍𝒐𝒐: Length of particle trajectory from initial release
M: numbers of satellite images available up to t

* Skill score SS 1:perfect

Data and Method

Satellite-derived pumices

Synthetic particles

D1
1

3
D2 D3

lo1

2

lo2

lo3

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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Adapted from Liu and Weisberg (2011): a trackable pair 
Separation between a virtual particle and a buoy with GPS.

You cannot track individual pumice raft using satellite images!
Many but partially trackable pairs

𝑠𝑠𝑠𝑠 𝑡𝑡 = �1 −𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ≤ 1
0, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 > 1

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡 =
1
𝑀𝑀�

𝑗𝑗=1

𝑀𝑀
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁
𝐷𝐷 𝑡𝑡𝑗𝑗
𝑙𝑙𝑜𝑜 𝑡𝑡𝑗𝑗 𝑖𝑖





Sightings

Yoshida et al., 2021
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