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. INTRODUCTION

Tragic event of the March 11, 2011 tsunami in Japan has generated estimated 1.5
million tons of debris floating off the eastern Honshu (Japan Ministry of
Environment, 2014). 1507 ki H

This is an amount comparable to the annual budget of plastic marine debris of the
entire North Pacific (Jambeck et al., 2015). B EZiR (Z&) WD 1ED SN IHE S

This Japan Tsunami Marine Debris (JTMD) was seen on photographs in the coastal
areas. ZRMIEIDETIETOEEDLSIZEATES

Several weeks later, after JTMD drifted off shore and dispersed, its monitoring became
very difficult. #75E fE % (2 34V (2 H TERAIN KR 2

Sparse reports from the sea were not able to provide a coherent description of the
pattern and drift motion of JTMD and this task was adopted by numerical models.
NETODHOESITHNREDH—>HIEETILIZREDE ML



Tsunami Debris
Nowcast and Forecast procedure
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Snapshot of SST (March 7, 2005)
offshore of Target areas (Tohoku)

MGDSST Terra/Aqua MODIS
(statistical 1/4° ) imilatj (satellite OBS)



Dynamic framework of Particle trackingfii %3 A=

X=X, + u,At + 0x

(FFfd (#&R) (BELALER)
; o Wind -
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Wind-driven effect for particle movement

Square measure of cross-section
above sea surface: A

Forecast runs for
Ocean Square measure of cross-section 4 windage cases
A beneath sea surface: B k=0.025
A:B=windage%
A 0:1=0% Low windage
Wind force velocity = k\/% X Wi, 1:1=2.5%
¢ 2:1=3.5%
windage ~“sea surface wind velocity 4:1=5.0%  High windage
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forecast(Oct. 2011 ~ March 2012) : time—series of all forecast cases: overlapped

robust agreement
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forecast (Apr. 2012 ~ July 201 2): time—series of all forecast cases: overlapped
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Figure 5. Evolution of JTMD tracer in the SCUD model simulations. Colors indicate

windage of the debris. Shown are maps, corresponding to September 1, 2011, March 1,
2012, September 1, 2012, March 1, 2013, September 1, 2013, and March 1, 2014.
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Figure 6. Same as in Figure 5 but for but for MOVE/K-7/SEA-GEARN model sﬁrﬁulaﬂons.
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Figure 7. Same as in Figures 5 and 6 but for particle locations
in the GNOME model simulations. Colors indicate particle
windages according to the color scales of Figs. 5 and 6. High
windages are plotted on a top of lower windages.



Typical debris trajectories with windages (a) 2.5% and (b) 5.0%
from April 2011 to September, 2013.
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Probabilistic Trajectory FEZRMITEEIRD

JPN -> WA
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Probability density function of near-
seasurface temperature, measured
by the Argo network, along the
probable path of Molokai dock

JPN -> HI

As shown in the figure (Maximenko et al.,
2015b, and also Maximenko and Hafner,
2010), such approach gives not only the
uncertainty of the trajectoriy of debris but
also probabilistic information of the sea
environment (e.g., temperature) along the
trajectory and time. This information is
critical for detecting probable path of
iInvasive species colonizing debris items.



Example (Request)
=3 IR SIS K E L ER 15
Research Vessel (Kaisyou, 1.1ton) of
Kesennuma Local Fisheries Laboratory (Miyagi
prefectural Government) was found at about
6km offshore area from Miyako-city, Okinawa
prefecture in May 12, 2016.

Before 2011
(Lat=38.8, Lon=141.6

The prefectural government group would like to
know the route.

(Lat=24.7, Lon=125.3) 7
After found in 2016/5/12



Example (Answer)
Probabilistic route



Summary (some figures are not shown)

1.High computing simulation and data assimilation are useful for the calculation of
marine debris distribution. The model solution depends on the windage. &Lt &
BROEIENEE

seasonal change

. EENGED
3.Model solution estimates that less than 10% of the tracer washes ashore
annually and suggests that more than 50% of JTMD with boat type windage was
still floating in the end of 2016.

EJ
FoEEIEELO>TNNVED
4.Future progress in marine debris modeling requires radically improved at-sea
and on-shore observing systems as well as better model descriptions of coastal
process and processes on the sea surface (such as Stokes drift by wind waves)
and their effects on floating objects. &YUHIMNLVRFEETILANLE



Thank you for your attention
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