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ABSTRACT 

Hurricane-induced wind waves are among the major natural hazards that threaten coastal 

regions. Previous studies suggest that the frequency and intensity of major hurricanes would 

increase in a warmer climate, consequently increasing the frequency and magnitude of extreme 

wave hazards. Sea Level Rise (SLR) would further intensify the effects of extreme waves on 

coastal areas. A deeper near-shore zone would allow larger waves to approach shorelines, which 

would cause more intense storm-induced coastal erosion, wave overtopping, and flooding. 

Focusing on the New Jersey barrier islands, this study quantifies climate change effects on 

historical wave hazards and the response of beach-dune systems to hurricane-induced erosion and 

wave overtopping under future Hurricane Climatology Change (HCC) and SLR scenarios. Using 

a rigorous sensitivity analysis, a suite of numerical models is calibrated to accurately simulate 

extreme wave hazards to beach-dune systems. The calibrated models are implemented to simulate 

the morphodynamic changes, wave runup, and overtopping due to a large number of synthetic 

major hurricanes for a historical period in the late-20th-century and a future period in the late-21st-

century under the RCP8.5 emission scenario. The results indicate that future coastal erosion and 

overtopping will increase due to HCC and SLR. The increase in coastal erosion was larger in the 

southern parts of the New Jersey Barrier Islands than in the northern parts. Beach-dune system 

characteristics play an important role in the effect of climate change on wave hazards. Neglecting 

storm-induced morphological changes results in significantly misrepresented wave hazards. 


