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Internal tide breaking on a shallow slope

Masunaga et al. 2016 GRL






Internal waves and sediment
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Internal waves and sediment
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Masunaga et al., 2017JMS
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Location and background

Japan
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Location and background
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D Numerical setup (SUNTANS)

Model: SUNTANS (Fringer et al., 2006)
rid: Unstructured grid. The maximum Ax = 50 km near the boundary and
the minimum Ax = 500 m near the coast of |zu-chain Island.
orcing: Barotropic tidal forcing using 4 main tidal constituents
(S2, M2, K1, 01)
nitial condition: Data from World Ocean Atlas.
ediment setup: The critical shear stress = 0.1 N/mZ.
Settling velocity: 1 X 104 m/s (8.64 m/day)
(Typical sinking velocity of silts and marine aggregates)

Fay

ATATAVAYAY
IR

IR
s
K

s

TR
S
prh
g
VAVAVAYAYS

v

25
vavatatit

Tavavis"s

5
wis!
Va¥

Ay
YaVa
AV

AT TATaNaT]
PaVira"

ORISR
.

O
KL
ey
<A

X
CRREER

AYAVAVATAY
AN

it
JE
K

P

Hirios,
TAVAYAYS
AL

v,

ORAATK
£X

TV

AVAVAYaY,

VAY,
N ANRAPEK
I
%
SR
- TavsT
N

%

5
FavAYaY,

¥
=)
Varavav,
Koy
Lt

ruwaTa s
SRR

ok
X
0
KISEY
O
o
5
U
CERTS
RIS
PR
AL

A
X
s
SORRNT

. (TATATAT
PR LS
Avavar,

ithary
ATALeTA O,

5
<K

S

S

5
i )
FAVATATATE G et =
AAAIH FAVAVAVAVAVATATA [y Sy VR rATAAY i
A R R LR
B N O RN RN DRERROCEARNOA




Internal tides

T Isotherm depth displacement

TInternal wave energy flux






Sediment transports due to internal tides

Sediment: settle-able particles, sediments, planktons, aggregates, flocs (ws = 1 x 104 m/s)
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Sediment transports due to internal tides

Simulation with a summer stratification Simulation without stratification

BC tides generates strong resuspension and INLs.
BT tides do not generate INLs.









Sediment transports due to internal tides
<1 neap-spring™)

Ttime averaged sediment at the 1Sediment flux at the depth of
depth of the main thermocline the main thermocline



BC residual flows due to internal tides

Subsurface flow
maximum due
to mixing?
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BC residual flows due to internal tides

Subsurface Residual flows (BT + BC)

Subsurface BC Residual Flows

BT Residual Flows

BC residual flows are
higher than BT




BC residual flows due to internal wave breaking

BC residual flow is
generated by mixing due
to IW breaking
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Kinetic energy budget

—Time averaged vertically integrated KE

The total KE can be divided into BC and BT parts
KErota1 = KEpr + KEpc +HEgrpe

Each part also can be divided into fluctuation and
residual parts
Barotropic part Baroclinic part

KE7otq1 = KEprhigh + KEprRr + KEchigh + KEp(cR

Overbar : time average

KEprg = 1/2 p(upr®) KEpcgr =1/2 p(upc?)

1 (7 _ _
uBT=ﬁj udz Upec = U — UpgT
-d

< KEBThigh >=< KEBT >—< KEBTR >

< KEBChigh >=< KEBC >—< KEBCR >

KEsrr95% —BC residual part explains 5% of the total KE.




SS flux budget

\ 4

SS flux can also be separated into four
parts: Barotropicpart Baroclinic part

S¢ = Srerhigh + STR + SFBChIgh + SFBCR

S¢BThigh = C(upr —Upr) Sgprr = Clpr

S¢Bchigh = C(upc —Upc) Sepcr = Clpe

The residual part largely contributes to the
SS flux (829%,). — opposite to KE.

Tidal forcing transport SS back and forth, but
it does not contribute to the net transport.

StBThigh 8%

Depth > 500m
SBThigh 3%

SR Ke:

39% l 43%

Schigh 15%

The contribution of S5
becomes the largest
contributor (439%) faraway
from the coast (depth >
500 m).




Conclusions

1. Mixing due to non-linear internal tides enhance baroclinic
residual circulations along the thermocline.

2. The half of the residual KE is explained by the BC part.

3. BC residual circulations transport sediments from nearshore
toward offshore, which results in intermediate turbidity layers.

4. High frequency tidal motions explain 909, of the KE, however,
high frequency parts do not largely contribute to the net SS flux.
—The net SS flux can be explained by residual circulation.




Thank you,
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