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Common... and important!
But how will they disturb nearshore hydrodynamics in future?
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Headland at Outer Buzzards Bay
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Headland at Outer Buzzards Bay

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image © 2023 TerraMetrics




Beach at Outer Buzzards Bay

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image © 2023 TerraMetrics
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Development of Delft3D Flow-Wave Model
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Development of Delft3D Flow-Wave Model
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West Beach and East Beach
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For hydrodynamic forces comparisons
Boundary is determined by the depth of closure (beyond which less morphologic changes are
expected; 8 m)

244

30
20

10

o
Bed level (m)




o))

-
=

Wind speed (m/s)
4]

0
5
b 1.5
_ 1
£
T
@0.5
Is
Z 0

Model boundary conditions

- Reference
Storm period
7 {\\\\\\\\\\\\\\ ////é/gﬁ
| | | | | | | | |

0 20 40 60 80 100 120 140 160 180 200

Astronomical tide —18
| Storm tide

Storm surge i

Wave height 16
ﬂ | r‘l
) 12
C | 1 | | | | I | 1 0
0 20 40 60 80 100 120 140 160 180 200

Time (hrs)

Wave height (m)

Reference run: 1938 winter storm
« Storm surge: 0.7 m

« Peak wave height: 8 m (every 5 years)

Model scenarios:

Peak storm Sea-level
No. | Group N ) Note
wave height; m | rise (m)
Present-
1 day 8 0 Reference
scenario
2 Larger 10 SW 10m
3 storm 12 0 SW 12m
4 | Waves 14 SW 14m
5 0.25 SLR 0.25m
6 Sea-level 8 0.5 SLR 0.5m
7 rise 0.75 SLR 0.75m
8 1 SLR 1m
10




To quantify the role of the headland,
| removed the island and made a new bathymetry

800 800
232 236 240 244 232 236 240 244

x (km) X (km)

Bathymetry with vs. without headland

Bed level (m)




Hydrodynamic convergence around headland

Waves Flow Forces




Hydrodynamic convergence around headland
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Hydrodynamic convergence around headland
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Coastal Headlands Reduce Nearshore Hydrodynamics
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Coastal Headlands Reduce Nearshore Hydrodynamics
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Without headland:
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Protection Potential of a Coastal Headland
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Relative decrease in bed shear stress (%)

Climate Change Affects the Protection Potential

a) Larger storm waves

b) Sea-level rise
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Climate Change Affects the Protection Potential




Climate Change Affects the Protection Potential
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Key messages

Coastal headland converges wave energy, forming circulation cells

on its two sides

Without headland, beach will be exposed to higher hydrodynamic

forces due to 1) larger waves and 2) landward movement of
circulation cells

The role of a headland on reducing nearshore hydrodynamic forces
increases as peak storm wave height increases but reduces as sea

level rises.

Questions?
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