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due to substantially fewer
outer reef formations. Within
enclosed embayments (e.g.
Harrison Sound), wave heights
are further reduced to less
than 0.3m.

Under future climate
scenarios, the lagoon in the lee
of the reef will see the most
impact. This is expected as the
effectiveness of the reef to
reduce wave heights will be
significantly reduced as sea
levels rise. For the 100-year
horizon, significant  wave
heights within the lagoon
could increase by 0.08m to
0.15m for the RCP 4.5 and
RCP 8.5 scenarios,
respectively. These values are
significant and equate to a 15-
20% increase in the significant
wave height.

The south coast has less
increase in wave energy, likely
because the south coast is not
as dependent on protection
from the reef as is the north
coast.

Difference in Significant
Wave Heights [m]
Il sbove o350
B o.200- 0.250
- ©0.150- 0.200
[ o.100- 0.150
[ 0.080- 0.100
[ 0.060-0.080
0.040- 0.060
[ o.030-0.040
[ o0.020- c.030
[ o.015-c.020
[ o.010- 0.015
[ 0.005- 6.010
[ Below o.005

From this assessment we can

conclude: ) L )
Increases in 99th percentile significant wave height between present

e The western coast day and SSC 8.5 100 year wave event
(near Dockyards) is at risk of greater wave energy. This has implications for the maritime
activities in this area, i.e.,, more disturbance to cruise ships, shipping, ferries and general
navigation in the area.

e Likewise, the north coast areas outside the protection of the sounds will see larger increases
in wave energy. Industries such as the power plant could be affected.

e Within the Sounds, wave heights could increase by up to 250%, however, this only reflects a
change in wave height of approximately 5mm.

e Under statistically significant events, significant wave heights will increase by more than 0.3m
and will have implications on sediment movement.
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e Under statistically significant events, significant wave heights will increase by more than 0.3m
and will have implications on sediment movement.

Impacts of Climate Change on the Hurricane Climate

Presently, the reef effectively protects the north shore from hurricane waves. The rim reef at the north
reduced wave heights from 10m (offshore)
to approximately 2m at the shoreline.

Despite this reduction, waves 1-2m high
affect the shoreline of the north coast under
the 25-year return period event. Under the
150-year event, wave heights on the north
shore are 2-3m with accompanying
inundation.

Sign. Wave Height [m]
- Above 12.0

Unlike the north shore, the south shore has

significantly less protection from reefs. As a B o020
result, wave heights immediately offshore = so- 80
can be 8-10m during a hurricane. - e

- 1.0- 2.0
Storm surge is expected to be greater than %B:?g: xo

1.2m on the north shore while along the
south shore, storm surge levels will exceed
1.6m. At these levels, large coastal areas will
be under water.

[ Undefined Valug

Under future climate change projections,
the north shore is more severely impacted

as the reef’s protection from waves becomes
less effective with increased sea levels.
Increased storm wave conditions impact the
north shore and propagate into the Great
Sound area. For example, under the 150-
year return period in an RCP 8.5 scenarioin = |
the next 100 years, areas previously ,
effectively protected by the reef (the north,
north-west and Great Sound) will see

increases in wave heights of 10.8% to ' = : : : r
20.3%. A similar trend exists for storm 100 year conditions for 150-year storm event under RCP 8.5 scenatio

‘Water Level [m]
Il sbove 3.4
32-34

o

L

surge.
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5 Nearshore Hurricane Waves and Water Levels

The MIKE 21 software, using both its SW (Surface Wave) and HD (Hydrodynamic) modules,
conducted simulations of nearshore hurricane wave and water level conditions along Bermuda's coast
through a coupled mode, allowing for the simulation of the interplay between waves and currents.
This coupling between hydrodynamics and wave action is crucial for accurate storm surge predictions,
especially in areas where wave setup significantly contributes to the overall storm surge. As substantial
waves break in shallow waters or against a reef, they elevate the water level and generate localized
currents. These currents, along with the altered water levels, enable waves to reach further inland.

For the analysis of Bermuda's coastline, eight directional sector scenarios were examined: east,
northeast, north, northwest, west, southeast, south, and southwest. These scenarios were integrated
with conditions derived from deep-water wave models for return periods of 25, 50, 100, and 150 years.
The outcomes from the wave transformation modeling under various hurricane conditions are detailed
in the following sections.

5.1 Present Day Conditions

In the present-day conditions, the influence of sea level rise was not considered. The results are shown
in Figure 5.1 and Figure 5.2 following. Without the effects of climate change, the following was
observed:

e The reef effectively protected the north shore from hurricane waves. The rim reef at the north
reduced wave heights from 10m to approximately 2m at the north shore.

e Despite this reduction, significant wave heights between 1-2m affect the shoreline on the north
coast under the 25-year return period event. Under the 150-year event, the wave heights on
the north shore are 2-3m. These wave conditions will have significant wave run-up potential.

e Unlike the north shore, the south shore does not have protection from the reefs. As a result,
the wave heights immediately offshore are 8-10m in height during a hurricane.

e The storm surge levels are less than 1.2m on the north shore, while along the south shore, the
surge levels are greater than 1.6m.

SMITH WARNER INTERNATIONAL LIMITED WARNE MARCH 2024
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5.2 Hurricane Conditions under the RCP 4.5 and RCP 8.5 Scenarios

Based on the historical storm analysis, hurricane conditions (combination of a significant wave height,
wave period, wind speed, and the inverse barometer rise) were computed for return periods (RP) of 1
in 25, 50, 100, and 150 years. The effects of sea level rise due to climate change on these conditions
were examined using the mild (RCP 4.5) and extreme (RCP 8.5) scenarios in three-time horizons: 20
years (~2042), 50 years (~2072) and 100 years (~2122). This resulted in a total of 24 scenarios
summarized in Table 5-1.

Figure 5.4 to Figure 5.7 present the 100-year time horizon conditions for the RCP 4.5 and 8.5 scenarios
for the return periods 25-year, 50-year, 100-year and 150-year. Appendix E contains the other
simulation results.

SMITH WARNER INTERNATIONAL LIMITED MARCH 2024
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