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General background
Accumulation of marine debris on beaches 
➔ Important index to understand the behavior of marine 
debris, and to take measures for reducing the impacts of 
marine debris on the marine environment.

Beaches would be hot spots for the 
generation of microplastics 
(Andrady, MPB, 2011)

Fragmentation

Beaches would be secondary sources 
of marine debris in the ocean 
(Kataoka et al., MPB, 2015)

Backwash of marine 
debris due to nearshore 
hydrodynamics (wind waves)



Purpose of our research
Stand stock surveys for marine debris  
(e.g. Ryan et al., 2009) 
➜ There is a limit of understanding the accumulation of 
marine debris with a high spatiotemporal resolution.

Purpose: We attempt to quantify the accumulation 
of marine debris by aerial photography and webcam 
monitoring surveys.



Aerial photography 
surveys



Aerial photography surveys
Survey organization 

• North Pacific Marine Science Organization (PICES) 
Date: 

• Aerial photography survey: 2014 surveys (Oct. 7 and Dec. 3, 2014) 
                                           2015 surveys (Jan. 30, Mar. 2 and Jul 28, 2015) 

• Shoreline cleanup surveys: Jul. 28, 2015 
Study sites:

Webcam 
site

Vancouver 
Island

British 
Columbia

Cheewat Beach

Clo-ose Beach

Data for this study



Aerial photos on Cheewat Beach
Beach length: 1897 m long 
Beach width: 98 m wide (on average) 
Num. of photos: sixteen photos

Cheewat Beach



Aerial photos on Clo-ose Beach
Beach length: 188 m long 
Beach width: 49 m wide (on average) 
Num. of photos: four photos

Clo-ose Beach



Procedure of image analysis for 
quantifying the accumulation

Accumulation of marine debris 
　　　percent cover of marine debris 
(a ratio of an area covered by marine debris to an area of sandy beach)

Step 1: Removing the distortion 
of the original image (Magome et 
al., 2007)

Original image Converted image

Red outline area: sandy beach 
Size of a single pixel: 0.01 m2Red outline area: sandy beach

Step 1

Step 2: Extracting pixels of 
marine debris (debris pixels)

Red outline area: sandy beach 
White pixels: marine debris

Image after extracting debris 
pixels

Step 2

Step 3: Calculating the percent 
cover

Area of sandy beach Abeach = Nbeach x a
Area of marine debris Adebris = Ndebris x a
Percent cover = Adebris/Abeach



Results of the estimate of the 
percent cover of marine debris

original photos

Clo-ose Beach ➔ Percent cover of marine debris: 14.0%

Cheewat Beach ➔ Percent cover of marine debris: 4.0%
converted photos images after extracting marine 

debris

original photos converted photos images after extracting marine 
debris

Red outline area: sandy beach, White pixels: marine debris



Results of the shoreline cleanup 
survey

Image analysis Shoreline cleanup

Beach Percent cover of 
marine debris
(%)

Density of        
marine debris                   
(items/100m2)

Cheewat Beach 4.0 1.4
Clo-ose Beach 14.0 4.9
Clo-ose / Cheewat 3.5 3.5

Cheewat'Beach'

Plas%cs'

Beverage'Bo.les'

Cans'

Disposable'Lighters'

Buoys'and'Floats'

Lumbers'

Others'

Clo$ose'Beach'

Plas%cs'

Beverage'Bo.les'

Cans'

Disposable'Lighters'

Buoys'and'Floats'

Lumbers'

Others'

2,578 items 446 items

Cheewat 
Beach

Clo-ose 
Beach



Webcam monitoring 
survey



Study site of webcam monitoring

Site: Newport, OR 
Period: Since April 2015- present

Webcam image

Webcam monitoring system

Webcam

Control box

Storage 
batteries

Solar panels



Our webcam monitoring system

Operation time ➔  
every one hour from 9:00 to 18:00 PST (i.e., ten times every day)

The webcam monitoring system

Our laboratory

FTP transmission via 

the Internet

Photographs

Saving in a built-in 
local storage  

(SDHC card, 32GB)

Time



Webcam site

Top page Webcam image page

Webcam website 
http://nilim-camera.eco.coocan.jp/webcam/index.html

http://nilim-camera.eco.coocan.jp/webcam/index.html


Webcam images (May, 2015)



Time series of the number of 
marine debris 
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Comparison with sea surface 
dynamic height (SSDH)

NOTE: SSDH was produced by Archiving, Validation and interpretation of 
Satellite Oceanographic data (AVISO)
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The number of marine debris decreased (increased) when 
SSDH was low (high).



Comparison with sea surface 
wind (SSW)

NOTE: SSW was observed by Advanced scatterometer (ASCAT; Kako et al., JGR, 2011)

The number of marine debris decreased (increased) when 
southward winds intensified (weakened or northward winds 
blowed).

 0

 5

 10

 15

 20

 25

 30

04/01 05/01 06/01 07/01 08/01 09/01
-8

-6

-4

-2

 0

 2
marine debris
meridional wind speed (m/s)
m

ar
in

e 
de

br
is

m
eridional w

ind speed (m
/s)

Northward

Southward



Horizontal distribution of SSDH 
and SSW

When the quantity of marine debris 
increased (on April 5, 2015)

When the quantity of marine debris 
decreased (on July 15, 2015)

southward 
wind 
direction

northward 
wind 
direction

Ekman flowEkman flow



Summary
Aerial photography surveys: 
•The percent cover estimated from the aerial photographs 
was consistent with the density of marine debris measured 
by the shoreline cleanup surveys. 

•The estimation of the percent cover would enable us to 
understand the accumulation of marine debris on multiple 
beaches. 

Webcam monitoring surveys: 
•The quantity of marine debris varied corresponding to 
SSDH and SSW. 

•Wind-driven currents might contribute to the variability of 
the quantity of marine debris on the Oregon coast.
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