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COAWST modeling system

Framework of the ‘,
Integrated land-ocean-
ecosystem modeling system
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Ocean Modeling: Sekisei lagoon scale

A multi-nested 3D ocean circulation model for Yaeyama region was developed based on the
Coupled-Ocean-Atmosphere-Wave-Sediment Transport (COAWST) Modeling System
(Warner et al., 2010).

(Grid size: 1.5 km)
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30-year Long-term hindcast simulation for reproducing coral reef

environments
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http://www.nakamulab.mei.titech.ac.jp/yaeyama_hindcast_simulation
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Simulation results: Coarser domain
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Simulation results: Finer domain
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Shizugawa Bay Digital Twin project

After the Great East

Japan Earthquake in
2011:
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COAWST modeling system&A~A—X & UESERRAT 1 VKRR - REBESET I

*Coupled Ocean-Atmosphere- TRENDINFRIER (L JCOPE-T-DA (1/36° ~3 km Xw =1, 1 hourly)
Wave-sediment Transport RERDINEARE R FZRTCWM-GPV (5 km X w1, 3 hourly)
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Tokyo bay SDM development

@® A multi-nested 2-way physical and bio-geochemical process model as the basis of the SDM-Tokyo Bay
has been developed in the COAWST (Coupled Ocean — Atmosphere — Wave — Sediment Transport) framework.
The finest grid size is 200m.

@® We are improving the model system by validating the physical process model with the various observed data.

New multi-nested model framework Bio-geochemical process model
1994-01~2018-06 | 2018-06~ e

Global HYCOM
(1/12° Grid size: ~9 km)
+ TPXO9-atlas (tidal forcing)

JCOPE-T-DA (include tidal forcing)
(1/36° Grid size: ~3 km)

' lX TokyoBay3_grd_v2.1.nc X

4000

TokyoBay1 )
(1/36° Grid size: ~3 km)

TokyoBay2 m==) TokyoBay3
(1/180° Grid size: ~600 m) (1/540° Grid size: ~200 m)
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Spectral unmixing technique

World View-2’s 8 multispectral bands

Channel |Coastal| Blue | Green |Yellow| Red |Red Edge| NIR 1 | NIR 2
Spectral 400—- | 450- | 510- | 585— | 630- 705-745 770- | 860-
Band (nm) | 450 o210 280 625 | 690 895 1040
Spectral Signature o
07 F
06 F
g 0 > Coral
S | __ssmsm Brown algae
3 = = Seagrass
x 03 sz Green algae
0.2 Futh Sand
0.1 Ft Red soil
. | | e Hardpan
0400 500 600 700 800
Wavelength £ (nm)
EREEE . i |
UV 44H8 Visible BT ##HNIR  (Nakamura, in press)



Spectral unmixing technique

« Reflectance from benthic components is mixed in satellite data
o Pixel colors become darker and bluish by light attenuation ctomz=sg) in water

column
2

|

Depth

Measurement

Colors become darker and bluish

Actual benthic cover Mixture of several with depth
components colors

=) Find the best combinations of benthic component ratio

and depth that can explain satellite reflection
Depth: 0.8 m

ral: 35%

lterative
comparison
< > 1 25%

Pixel of satellite image Spectral unmixing
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Benthic classification using ultra-high resolution UAV
imagery

Resolution: Drone: <2.5 cm
Very-high resolution satellite image: ~0.5 m

PHANTOM 4 PRO V2.0

Small seagrass
B Enhalus acoroides
W Brown Algae

[ ] Sand
Coral
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Transdisciplinary approach is needed for resolving
real-wold problems

S =

Remote
sensing

Mathematical
ecology

g, g b
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