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Abstract
Wave refraction is the bending of ocean waves as they propagate 
through varying water depths and currents, resulting in changes 
in wave direction and energy distribution. This process is 
fundamental in coastal and ocean dynamics, affecting shoreline 
erosion, sediment transport, and nearshore wave climates. The 
mechanism can be described using principles analogous to Snell’s 
law, where wave speed changes with depth, causing wave fronts 
to align progressively with seafloor contours. This article reviews 
the physical basis of wave refraction, its environmental implications, 
and its significance in coastal engineering and marine sciences.
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Introduction

Wave refraction refers to the change in direction of wave propagation 
as waves move from deeper to shallower water or encounter gradients 
in current strength. In the open ocean, wave crests travel relatively 
uniformly. However, as they approach the coast where water depth 
decreases the speed of the wave changes proportionally, leading to 
bending or refraction of the wave path. As a result, when part of a 
wave crest enters shallower water, that segment slows down relative 
to the deeper segment, causing the wave train to pivot. This effect is 
analogous to Snell’s law of refraction in optics, where waves change 
direction when entering a medium with a different wave speed. 

Wave refraction has broad implications for coastal morphology, 
sediment redistribution, and wave energy focusing, making it a central 
concept for oceanographers, coastal engineers, and environmental 
managers [1].

Mechanism and Coastal Impacts of Wave Refraction

Wave refraction is most often explained in terms of Shallow 
Water Wave Theory: as a water wave travels toward the shore at an 
oblique angle to depth contours, the portion of the wave in shallower 

water slows first, causing the crest to bend and gradually align 
with the topographic contours of the seafloor. This transformation 
continues until wave fronts become more parallel to the shoreline. 
Mathematically, this can be described using ray theory, where each 
wave ray follows changes in wave speed due to depth and current 
gradients. Recent studies have extended the classical picture to include 
the effects of current gradients as well as depth gradients, showing 
that the overall refraction depends on both factors and their relative 
magnitudes [2]. Beyond depth changes, currents also refract waves 
by altering local wave energy transport. A historical study of wave 
refraction in ocean currents demonstrated that wave rays can curve 
in the presence of vorticity, implying that currents can significantly 
influence wave propagation and direction, including trapping and 
reflection under certain conditions. Together, these factors mean that 
wave refraction in real coastal and oceanic environments is a complex 
interplay of bathymetry and currents [3].

The effects of wave refraction extend beyond theory to tangible 
consequences on coastlines. As waves bend and converge on 
headlands — points of land that jut out into the ocean — wave 
energy becomes concentrated there. This concentration enhances 
erosive forces, leading to cliff retreat and the formation of features 
like sea arches and stacks. In contrast, wave energy is dispersed in 
bays, encouraging sediment deposition and beach formation [4].  
By altering wave angle and height, refraction affects littoral 
(shoreline) sediment transport. On coasts with irregular bathymetry, 
refraction drives differing longshore transport patterns, which 
can either result in sediment surplus in some sectors or deficit 
in others, affecting shoreline stability over time. This has been 
shown in studies where longshore drift patterns are closely 
associated with refracted wave climates along curved coastlines.  
Coastal engineers use refraction models to predict wave action on 
structures, design breakwaters, and manage shoreline development. 
Simplified numerical and analytical approaches, grounded in 
geometric wave theory, provide efficient means to understand 
nearshore directionality and wave transformation for curved and 
complex coasts. Understanding and predicting wave refraction thus 
plays a central role in coastal zone management, erosion mitigation, 
and infrastructure planning [5].

Conclusion
Wave refraction is a fundamental process in oceanography and 

coastal dynamics. It arises when waves encounter spatial variations 
in water depth or current, slowing unevenly across their crest and 
bending toward alignment with bathymetric contours. This bending 
redistributes wave energy, influences sediment transport, and 
ultimately shapes coastal morphology. Through advanced theoretical 
frameworks — including ray theory and modern numerical models 
— scientists and engineers can better predict and manage the effects 
of wave refraction on coastal environments. Given its critical role in 
coastal processes, continued research into refraction mechanisms, 
including combined depth and current effects, is essential for adapting 
to changing sea levels and anthropogenic impacts on coastlines.
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