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Figure 1. (a) Map of the study area. The solid black line indicates the location of the bathymetric transect used in the numerical 
model. (b) Bathymetry obtained from the transect indicated on the map (bathymetry courtesy of CONABIO), including a beach 
profile surveyed in March, 2014 (courtesy of CINVESTAV-Merida).  
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Figure 2. Reconstructed time series, including the extreme water level, Rhigh, for the current reef profile using the 30-year hindcast 
wave conditions (wave height and period; Hs and Tp) and astronomical tide (Z). (a)–(c) Black lines indicate available hindcast data 
and red stars indicate the selected cases used to represent the complete time series. (d) Blue line represents time series 5 
reconstructed from the simulated results. Red stars indicate the cases used for reconstruction. Rhigh=R2%+Z. 
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Figure 3. Measured beach profile (solid black line) and idealised profile with beach extended beyond the dune (dashed grey line). 
Dhigh represents the dune crest and Dlow the foot of the dune. The degraded profiles (0.3 m and 1.1 m) are indicated by the dotted 
dark grey and dashed black lines respectively. 
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Figure 4. (a) Example of a section of the water level elevation time series relative to mean sea level (η(t)) extracted from the wet–
dry boundary of the SWASH simulations, showing astronomical tide Z, run-up maxima, R, and setup at the shoreline <η>. (b) The 
2 % exceedance value was extracted from the cumulative distribution function (cdf) of the R values. 
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Figure 5. Return value of Rhigh for the current reef profile (triangles), the reef degraded by 0.3 m (crosses) and for the profile with 
the reef degraded by 1.1 m (open circles). 
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Figure 6. (a) Wave setup, <η>, (b) incident swash (Sinc), (c) infragravity swash (Sig) and (d) extreme runup (R2%) against incident 
wave conditions. Black dots represent the data for the conserved reef profile, green the values for the reef degraded by 0.3 m and 
red those associated with the reef degraded by 1.1 m.  
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Figure 7. Return value of Rhigh for the model run with the storm surge (open circles) and without (crosses) for the time period of 
1993-2008. 
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Figure 8. (a) Significant wave height (Hs), (b) peak period (Tp), (c) sea level (Z) (black: astronomical tide, grey: GoM sea level) and 
(d) Rhigh (black: without the storm surge, grey: with storm surge) during the pass of Hurricane Wilma (2005).  
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Figure 9. (a) Incident swash, (b) infragravity swash and (c) wave setup parameterised in a dimensional form of the Iribarren 
equation and in comparison to Stockdon et al. (2006) (blue lines) and a modified form for wave setup, which includes the reef face 
slope (red line). Black dots represent the selected hindcast cases, green the values associated with high water levels (Z ≥ 
Z15%=0.1636 m) and red those associated with low water levels (Z ≤ Z15%=-0.1636 m).  5 
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Figure 10. Extreme runup values (R2%) for the selected 30-year hindcast data (black dots) and the complete parameterisation 
suggested by Stockdon et al. (2006) with the beach face slope (blue line) and reef face slope (red line).   

 


