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According to the United Nations (UN) Atlas of the Oceans, about 44% of the world’s population lives in coastal areas within 150 km of the sea. On the other hand, coastal regions are constantly exposed to natural hazards such as storm surge, storm waves, and coastal floods, and inundations due to tropical cyclones and storms, as well as tsunamis due to underwater earthquakes, volcanic eruptions, and landslides. To strengthen resilience and adaptive capacity to climate related hazards and natural disasters and to make the human settlement more safe, resilient, and sustainable, as envisaged by the United Nations as the 13th and 11th Sustainable Development Goals (SDGs) [1], it is not possible to reproduce, evaluate, and predict those natural hazards without understanding the physical processes of the hazards and their interaction with human settlements.



Numerical models for coastal hazards and the coastal environment are important and essential tools for the prediction and estimation of those coastal hazards [2], and for the evaluation of their impacts on coastal morphodynamics, coastal lagoons, and wetlands, as well as the built-in environment in coastal zone.



The main scope of this Special Issue, therefore, has been to collect and demonstrate numerical models and their applications to various coastal hazards and coastal environment related issues. After rigorous review processes, twelve papers are included in the Special Issue. Their thematic contributions are described in the following.



Tsunamis are giant waves caused by earthquakes or volcanic eruptions under the sea and do not dramatically increase in height out in the depths of the ocean. However, as the waves propagate onto the coastal zone and inland, their heights increase as the depth of the ocean decreases. In Pattiaratchi [3], the influence of ocean topography such as seamounts, ridges, and plateaus on tsunami propagation in Western Australia was investigated by idealized tsunamigenic earthquakes with the MOST (method of splitting tsunami) model based on the non-linear shallow-water wave equations in spherical coordinates. In terms of storm surges, Liu et al. [4] showed the annual exceedance probability of water levels and wave heights along the Long Island Sound using the high-resolution coupled wave-circulation model (FVCOM-SWAVE) for flood risk assessments, and Smolders et al. [5] illustrated the effects of a hybrid nature-based and engineered flood defense system in storm surge attenuation in the Scheldt estuary with TELEMAC-3D based on the three-dimensional Reynolds averaged Navier–Stokes equations. In another application of numerical models in coastal zone, Lee et al. [6] investigated the effects of tidal currents, wind, and waves on the movement of oil spilled during the Hebei Spirit oil spill accident off the west coast of South Korea using the environmental fluid dynamic code (EFDC) model for 3D circulation, solving the three-dimensional, vertically hydrostatic, free surface, turbulent averaged equations of motion and simulating waves nearshore (SWAN) for waves. For coastal structures such as dikes and seawalls, the stability of the structures during hazard events is of importance in flood risk assessment and management. Silarom and Yamamoto [7] investigated the scour of coastal structures and outflow of backfilling materials of the structure in Thailand and Japan using numerical modelling with CADMAS-SURF by solving the continuity equation, Navier–Stokes equations of motion, and the volume of fluid technique for free surface and hydraulic model experiments, and found good agreement between the results of numerical modelling and hydraulic model experiments.



In another application of the numerical model in coastal and ocean environment, Lee et al. [8] demonstrated a self-burial mechanism of subsea pipelines with spoilers under steady flow conditions by applying a two-dimensional Navier–Stokes solver and comparing with the results of hydraulic model experiments.



Storm surges induced by tropical cyclones are one of main coastal hazards, as described; therefore understanding the role of breaking waves in near-surface mixing and tropical cyclone-induced vertical mixing in the oceanic boundary layer is of importance in hindcast and forecast of tropical cyclones and ensuing storm surges for coastal risk assessment and management. Hong et al. [9] evaluated the wave effects on upper-ocean mixing in the northern East China Sea in summer by analyzing the results of comparative numerical experiments: a stand-alone ocean model as a control run and two ocean–wave coupled models that include the effect of the breaking waves (BW) and of the wave–current interaction (WCI) with a vortex-force formalism. They applied a coupled ocean–wave model with regional ocean modeling system (ROMS) for ocean by solving the Navier–Stokes equations with hydrostatic and Boussinesq approximation and SWAN for waves. Kim and Moon [10] investigated the effect of the Mellor–Yamada turbulence model on tropical cyclone-induced vertical mixing in the oceanic boundary layer, and implemented an improved Mellor–Yamada turbulence model in the Research Institute for Applied Mechanics (RIAM) Ocean Model based on a three-dimensional, z-coordinate, and primitive equation with hydrostatic and the Boussinesq approximation. From the results of numerical experiments during the passage of Typhoon Maemi in 2003, they found the improved Mellor–Yamada turbulence model showed better agreement with satellite measurements resulting in sea surface temperature decrease and the mixed layer deepening compared with those from the original Mellor–Yamada turbulence model.



Numerical models for coastal environments were also applied in the ocean renewable energy field to assess the wave energy resources in the Korean seas and to estimate wind-induced currents in the Gulf of California and their impact on tidal energy devices. Eum et al. [11] performed long-term wind wave hindcast modelling from 2007 to 2018 with marine surface winds from three different reanalysis datasets to assess the wave energy potential in the Korean seas and found higher wave energy potential in winter than in summer with particular effects of typhoons in August. Gross and Magar [12] applied a 3D shallow water equation model forced by tides and the meteorological conditions generated by Hurricane Odile to simulate the wind-induced current in the Gulf of California and the implications on site selection and risk of damage on tidal current power devices during extreme events.



In this Special Issue, the impacts of climate change are also compiled in terms of seasonal shoreline changes and sea-level rise. Based on the updated relative sea-level rise rates, 21st century sea-level rise projections are made for the west coast of Portugal Mainland by Antunes [13], with sea-level records from tide gauges and North Atlantic satellite altimetry data based on different empirical projections for national coastal planning and management for erosion and flooding. Hilton et al. [14] demonstrated the prediction of seasonal shoreline changes in Perranporth, United Kingdom, using the shoreline prediction model (ShoreFor) with synthesized wave forcing informed with and without relevant climate indices in the synthetic wave generation. They highlighted that using climate patterns to inform shoreline change models can improve shoreline predictions with the importance of selecting an appropriate index for the beach location.
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