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A shoreline is the point of the physical border between land and water. While this definition looks simple, it is indeed

challenging in its practical application. The position of the shoreline changes through time due to cross-shore and

alongshore sediment movement in the littoral zone, and through changes in water levels. Shoreline change analysis and

detection studies have progressed from using simple observation (description) from historical maps and topographical

maps to employing high-resolution multi-temporal satellite images with remote sensing and Geographic Information

System (GIS) approaches for a better understanding of the subject.

Keywords: shoreline change ; coastal erosion ; sea level rise ; climate change ; GIS ; remote sensing

1. Introduction

Coastal systems and large inland water environments are under threat of climate change/variability and sea level rise.

Several research studies have stressed the impacts of climate change, climate variability (extreme events) and sea level

rise on global shorelines and related erosion . The situation is further aggravated by the current anthropogenic

pressure (urbanization) . As reiterated by Ware et al. , human settlement has always been concentrated along the

coast and large inland waterbodies. This assertion was earlier stressed by Blackburn et al. , who reported that 16 of the

world’s megacities are found within coastal regions and large deltas. A recent study by Bamunawala et al.  projected

that the collective impacts of climate change (sea level rise, temperature, and precipitation) and anthropogenic influences

(urbanization) will cause 90% of global shorelines to retreat.

A shoreline is the point of the physical border between land and water . While this definition looks simple, it is indeed

challenging in its practical application . The position of the shoreline changes through time due to cross-shore and

alongshore sediment movement in the littoral zone, and through changes in water levels . The temporal nature and

time scale of shorelines must, therefore, be considered in shoreline investigation . An understanding of the temporal

and time scales in shoreline position is essential for science, engineering, and coastal managers . Shoreline position

detection is, thus, important especially considering the long history of human habitation of the coast and the banks of

large waterbodies and their recent adaptation  . This has meant that the term shoreline change is not limited to only the

coast but encompasses lake and lagoon environments as well . Credit in this sense, should, thus, be given to

earlier geoscientists such as Carr , de Boer and Carr , El-Ashry and Wanless , and Gulliver , whose work

contributed to the advancement of information on shoreline change .

2. Tools for Shoreline Change Analysis and Detection 

The term shoreline was used in the 1800s , while the term shoreline change appeared in the 1960s . However, the

combined term shoreline change analysis first appeared in the scientific articles in the late 1970s . During this time,

computations and the development of diverse geospatial tools including aerial photography, satellite imagery, and Light

Detection and Ranging (LiDAR) were made to formalize the shoreline change analysis process. As reiterated by

Burningham and Fernandez-Nunez , the awareness about coastal hazards and risks such as shoreline recession and

their impacts on coastal inhabitants increased during this time.

The changing nature of the shoreline position drew the attention of coastal researchers to develop and adopt shoreline

indicators. As emphasized by Boak and Turner , shoreline indicator is utilized as a proxy to show shoreline position.

Boak and Turner  classified shoreline indicators into 3 groups. Group 1included those indicators that are based on

visible coastal features (e.g., an earlier high-tide line or the wet/dry boundary). Studies such as Boye, et al.  and

Mahapatra, et al.  employed these indicators. Group 2 was based on tidal data (e.g., mean high water or mean sea

level) with studies such as Crapoulet et al.  and Moore et al.  utilizing these indicators. Group 3 was based on the

application of image processing skills to extract proxy shoreline characteristics. Studies such as Luijendijk et al.  and
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Vos et al.  have employed the third indicator. Studies such as Pollard et al.  and Salmon et al.  have also utilized a

combination of the three indicators.

There exist several sources of data for shoreline change analysis. However, the choice of data usage is dependent on

availability . Data are, thus, sourced from historical land-based photographs, coastal maps and charts, aerial

photography, beach surveys, Global Positioning System (GPS), remote sensing, Multispectral/hyperspectral imaging,

Airborne Light Detection and Ranging technology (LiDAR), microwave sensors, and video imaging . It must be stated

that each of these sources has strengths and weaknesses (see Boak and Turner ). The use of the Unmanned Aerial

Vehicle (UAV) to source data for shoreline change analysis has gained popularity in recent times .

Tools used for shoreline change analysis differ. Previous shorelines change analyses were simple, as they were made by

directly comparing already existing maps . This period gave little or no room for accuracy and uncertainty estimates.

This method of shoreline change analysis changed entirely during the 1970s due to the advancement in computer

technology and the related Geographic Information System (GIS). This period allowed for the combination of diverse data

types, the ability to scale, and correct geospatial elements and digitize shorelines, which transformed shoreline change

analysis into a more computational perspective . An earlier tool for shoreline change analysis was the Coastal Feature

Mapping system developed by Underwood and Anders . This tool estimates position coordinates (X and Y) through

varying ground control points and finally plots multiple shoreline maps for estimating change rates . Again, the Digital

Shoreline Analysis System (DSAS) was developed by the United States Geological Survey (USGS). Since its original

development in the early 1990s, the DSAS has undergone a series of enhancements. The first version (V.1.0) was

created in 1992 by Danforth and Thieler , the second (V.2.0) in 2003 by Thieler et al. , the third version (V.3.0) in

2005 by Thieler et al. , the fourth version (V.4.0) in 2009 by Thieler, et al. , and the fifth in 2018 consisting of versions

(V.5.0 and V.5.1) by Himmelstoss et al. .

The high utilization of the DSAS software is due to its easy incorporation into ArcGIS/ArcMap. This has made its utilization

in shoreline change research undoubtable . However, other GIS software such as the QGIS has also received

attention in recent times. As reiterated by Burningham and Fernandez-Nunez [10], researchers nowadays use the QGIS

to generate a shoreline database and create shapefiles or other form of geospatial files and import them into programming

environments such as Python, MATLAB, or R, to perform shoreline change analysis. Studies such as De Lima et al. 

and Griffiths et al.  have used QGIS in assessing shoreline change. Tools such as the AMBUR and the Open Digital

Shoreline Analysis System (ODSAS) have also been widely recognized due to their capabilities in estimating coastal

variations . Additionally, the utilization of models and algorithms has increased in recent times, and this has

provided a place for machine learning in shoreline change analysis .

In summary, the research field of shoreline change has seen advancements, especially, in the data sources, approaches,

and tools. The field began with the detection of shoreline positions through historical maps, aerial photographs, and now

through high resolution satellite images. The remote sensing approach dominates the field. It is interesting to note that

field measurements and surveys through the employment of GPS has consistently been utilized in the research field.

Researchers use GPS surveys to establish control. GPS surveys are also used to validate remote sensing data. The

DSAS has remained an important tool in the research field and shows dominance. However, there has been an increasing

utilization of other software such as the QGIS, GRASS, Terset-IDRISI, ERDAS, CoastSat, AMBUR, etc. for coastal

variation analysis. The increasing utilization of models, algorithms, and programming environments for research in the

field has, therefore, provided room for machine learning in the shoreline change analysis and detection field. It is

interesting to note that some of the studies that lead to a cluster are related to one direct citation.

Shoreline change analysis and detection studies have progressed from using simple observation (description) from

historical maps and topographical maps to employing high-resolution multi-temporal satellite images with remote sensing

and GIS approaches for a better understanding of the subject.

The potency of geospatial approaches and tools such as remote sensing, GIS, and machine learning have not been

completely discovered. There is a need for more utilization considering their enormous benefits. The introduction of

machine learning could offer suitable tools and techniques required for the growth of automatic shoreline extraction

globally.
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