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Abstract: Researchers need to delineate the shoreline for different applications with no access to 

costly resources such as topographic maps and high-resolution satellite images. With the increase 

of open source data, this study aims to present a methodology to use open source data in the best 

possible way to map the shoreline. Several methods have been tested using open source remote 

sensing data (Landsat and Aster), such as supervised classification, unsupervised classification, 

manual mapping, and by applying some spectral indices, among others. The accuracy of the ex-

tracted shoreline data was verified using high-resolution open database images (such as Google 

Earth basemap). The results showed that the manually mapped shoreline through applying spectral 

index (green- near infrared/green+ near infrared) is the most accurate, although it remains important 

to modify it using high-resolution images of open databases. Open-source data showed acceptable 

accuracy in mapping the shoreline. 

Keywords: Remote sensing (RS); Geographic Information system (GIS); geography; coastal geomor-

phology; Arabian Gulf 

 

1. Introduction 

The words "shore" and "coast" are mostly used synonymously, but they are different 

concepts. Hill (2013) used two simple definitions to differentiate between them. He de-

fined the shore as the land bordering the sea, and the coast as the side of the land next to 

the sea (Fig. 1). The coastal zone is an important place in the lives of humankind, and this 

importance cannot be seen more clearly than in night-light satellite images. These space-

images show how humans tend to live next to the sea, or in places where the sea is easily 

accessible (Albanai, 2021a, 2021d). Nowadays, more than half of the earth’s population 

lives in what can be classed as coastal areas (McGranahan et al., 2007; Hill, 2013). Just a 

short look back in time, looking at the history of humankind compared to the earth’s age, 

we can notice that the beginnings of human stability and settlement were near the banks 

of rivers and coasts. All the features of coastal areas have made it crucial for humanity. 

Geographers and cartographers have long since been involved in coastal studies; 

many have been active in trying to delineate the shoreline. This process is not as easy as 

it seems. The sea level varies every day according to the tidal forces. Therefore, it is nec-

essary first to define the shoreline for mapping. Scientists differ in their methods for de-

termining the shoreline, but geographers tend to rely on the high tide line (Lipakis et al., 

2008). In the United States, there is a law that states that the shoreline is the line of the 

highest water level (Gens, 2010). There is also the term coastline, which refers to the line 

where the water and land touch (Gens, 2010). However, the term shoreline is more spe-

cific; it is often used to determine the borderline of water separating from land. 

Methods used to map the shoreline have evolved with the development of geogra-

phy. Ancient studies relied on the mapping of the shoreline by field surveys, which are 

often limited in scope. As approaches have developed, topographic maps and aerial pho-

tographs have emerged. Aerial photography can contain large areas, and cover much of 
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what the topographic maps contain. The satellite data was the latest source used in the 

mapping of the shoreline; the spatial data provided by satellite imagery has facilitated a 

great leap in shoreline mapping, especially in studies related to shoreline change and 

coastal erosion. These satellites provide constant coverage of the earth’s surface, which 

makes them a reliable source for this type of study. Satellite images have also increased 

the accuracy of topographic maps. The accuracy of satellite images for shoreline mapping 

varies according to their spectral and spatial resolution. The spectral resolution is the abil-

ity of a sensor to define fine wavelength intervals, or the ability of a sensor to resolve the 

energy received in a spectral bandwidth to characterize different constituents of Earth’s 

surface (Gibson, 2000). The spatial resolution is a measure of the area or size of the smallest 

dimension on the Earth’s surface over which an independent measurement can be made 

by the sensor (Gibson, 2000). In more simple words, it is the size of the image pixels. Now-

adays, all these methods are still used in mapping the shoreline because of its effectiveness 

and importance; most studies rely on the integration of information from these sources. 

Many methods have been applied to delineate the shoreline using satellite images. In 

general, two techniques can be used. One of them is to delineate the shoreline automati-

cally using quantitative methods. This depends on the spectral behaviour of water and 

land. For example, Near Infrared Radiation is extremely useful for separating land from 

water, because it is reflected strongly by land, and absorbed strongly by water. Thus, it is 

effective as a tool to delineate the shoreline (Frazier et al., 2000; Lohani & Mason, 1999). 

Studies came later, proving that using more than one band increases the accuracy of shore-

line mapping (Ryu et al., 2002); this is a technique known as band ratios, which can en-

hance the spectral differences between bands. Dividing one spectral band by another pro-

duces an image that provides relative band intensities. The image thus enhances the spec-

tral differences between bands (Harris Geospatial product, 2018). Several studies have 

used this method, and one of the most important indicators used in mapping the shoreline 

is the Normalized Difference Water Index, or NDWI (McFeeters, 2013; Rokni et al., 2014; 

Al-Mutari, 2017). 

Another method is digitizing the shoreline manually using qualitative methods. This 

technique depends on visual analysis of the sources, whether they be satellite image, aerial 

photography or topographic map. It also shows great results in delineating the shoreline 

(Ford, 2013; Meyer et al., 2016). Studies have later proven that using both quantitative and 

qualitative methods can increase the accuracy of shoreline delineation (Aedla et al., 2015; 

Cenci et al., 2017). Overall, the choice of shoreline mapping method depends on the type 

of the shoreline, the available sources and the purpose of the study. 

This study aims to map the shoreline of Failaka Island in Kuwait using open source 

data. Data from Landsat 8 and Aster satellites were used. Many quantitative and qualita-

tive methods have been applied to delineate most accurately the shoreline. The study also 

aims to verify the mapped shorelines using open source high-resolution images. 
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Figure 1. The coastal terms. 

Study area 

Failaka Island (Fig. 2) is located in the state of Kuwait, a country located in the north-

western reaches of the Arabian/Persian Gulf (Albanai, 2021e; Hassan et al., 2021), and 

north-eastern side of the Arabian Pennunsela (Albanai, 2021; Albanai et al., 2022; Albanai, 

Karam, et al., 2022). The island is located on the entrance of Kuwait Bay, about 20 �� 

from the mainland of Kuwait (Albanai, 2020). The depth range around the island does not 

exceed 12 meters below sea level (Albanai, 2021c, 2021b; Albanai et al., 2022). Failaka has 

a total area of around 46 ���, and a shoreline of approximately 38 �� in length (Albanai, 

2019). The Kuwaiti Government is planning to develop the island, as it is mostly free of 

people now. The island was habitable before the Gulf War in 1990 (it accommodated 

around 3,500 civilians). The people left behind them a small destroyed urban area on the 

western side of the island (Al-Sarawi et al., 1996). The island is considered a flat land with 

some sabkha and few small spread hills. The highest areas on Failaka may reach 9 meters 

above sea level. Tides and waves are the most physical forces that effect Failaka coastal 

zone. Additionally, anthropogenic forces can be seen clearly in the urban area and beaches 

(Al-Sarawi et al., 1996). Based on Al-Sarawi et al.'s (1996) study, many different geomor-

phologic features can be seen on the island such as sabkha, wetland, sandy beach and 

hard rocks among others. 
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Figure 2. Failaka Island (the study area). 

2. Material & Methods 

Fig. 3 shows a summary of the overall methodology. Multiple sources have been used 

and techniques applied to find the most accurate estimation of the shoreline of Failaka 

Island. The study depended on the satellite images as the main source for mapping the 

shoreline. Landsat 8 image, taken at high tide on 25 August 2014, was used (Table 1). An 

Advanced Spaceborne Thermal Emission and Reflection Radiometer (Aster) Image taken 

at high tide on 17 July 2012 was also used (Table. 2). Both images were freely downloaded 

from the United States Geological Survey site (USGS, 2018a). 

 

Figure 3. Summary of shoreline delineation process. 
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Table 1. Properties of Landsat 8 satellite. Bands 1 – 9 are OLI Sensor, while 10 – 11 are TIRS Sensor 

(USGS, 2018b). 

Spectral Band Wavelength (μm) Resolution (m) 

Band 1 – Coastal / Aerosol 0.433 – 0.453 30 

Band 2 - Blue 0.540 – 0.515 30 

Band 3 - Green 0.525 – 0.600 30 

Band 4 - Red 0.630 – 0.680 30 

Band 5 – Near Infrared (NIR) 0.845 – 0.885 30 

Band 6 – Short Wavelength Infrared (SWIR) 1.560 – 1.660 30 

Band 7 – Short Wavelength Infrared (SWIR) 2.100 – 2.300 30 

Band 8 - Panchromatic 0.500 – 0.680 15 

Band 9 - Cirrus 1.360 – 1.390 30 

Band 10 – Long Wavelength Infrared 10.30 – 11.30 100 

Band 11 – Long Wavelength Infrared 11.50 – 12.50 100 

Table 2. Properties of Aster Sensor. 1 – 3 are VNIR bands, while 10 – 14 are TIR bands (California 

Institute of Technology: NASA, 2012). 

Spectral Band Wavelength (μm) Resolution (m) 

Band 1 – Blue 0.52 – 0.60 15 

Band 2 - Green 0.63 – 0.69 15 

Band 3N – Near Infrared (NIR) 0.76 – 0.86 15 

Band 10 - TIR 8.125 – 8.475 30 

Band 11 - TIR 8.475 – 8.825 30 

Band 12 - TIR 8.925 – 9.275 30 

Band 13 - TIR 10.25 – 10.95 30 

Band 14 - TIR 10.95 – 11.65 30 

 

For pre-processing, the required spectral bands of both images have extracted. Then, 

the images were calibrated radiometrically using ENVI 5.2. The radiometric calibration 

process changes the pixels values from a digital number to the radiance. This process helps 

us to detect the spectral signature of the land cover, and is necessary to class and analyse 

the earth’s features (Albanai, 2019). Both Aster and Landsat 8 images were projected on 

the local coordinate system WGS_1984_UTM_Zone_39N. 

For the Landsat 8 Image, the pan sharping technique was applied using ArcGIS 10.4.1 

(Fig. 4). The multispectral bands of Landsat 8 have a low spatial resolution equal to 30 

meters, while the panchromatic band has 15 meters as a spatial resolution. This technique 

allows us to merge the bands to benefit from the high spatial resolution of the panchro-

matic band and also of the multispectral bands. The final result is merged bands with 15 

meters spatial resolution, where the spectral range covers the visual and NIR bands. The 

band composite method was applied before the pan sharping. Additionally, the images 

have been enhanced using the linear properties on ENVI 5.2 for visual purposes. The sat-

ellite images need to be enhanced to avoid the weather conditions and the differences on 

the image colours and lights that may affect the analysis process. 
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Figure 4. An example of the pan sharping techniques on Landsat 8 image on Kuwait City. 

Different methods have been applied to extract the most accurate shoreline. Overall, 

they can be divided into qualitative, quantitative and integrated methods. 

Shoreline 1: the Landsat 8 OLI sensor merged image has been classified using the 

supervised classification wizard appears technique (Spectral Angle Mapper Algorithm) 

with training data on ENVI 5.2 software. Then the shoreline has been extracted depending 

in the different classes. 

Shoreline 2: the same technique has been applied for Aster image (VNIR sensor) to 

extract the shoreline (Fig. 5). 
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Shoreline 3: Landsat 8 merged image was classified using the colour slicing tech-

nique (unsupervised classification on ENVI 5.2 using near infrared band). Then the shore-

line has been extracted depending on the different classes. 

Shoreline 4: the same technique has been applied for Aster image to extract the 

shoreline.  

Shoreline 5: the merged image of Landsat 8 was used to map the shoreline manually. 

Shoreline 6: Aster VNIR was used to map the shoreline manually. 

Shoreline 7: band rationing technique was applied for the Landsat 8 using the band 

math tool on ENVI 5.2. According to the spectral behaviour of the water, the band ration-

ing technique has applied to delineate the shoreline of Failaka Island using the following 

algorithm: 

�� = 
���������

���������
           (Equation 1) 

 
Shoreline 8: band rationing technique was applied for the Landsat 8 using the fol-

lowing algorithm:  

�� = 
��������

��������
            (Equation 2) 

Shoreline 9: band rationing technique was applied for the Landsat 8. Using the fol-

lowing algorithm:  

�� = 
�������� �

��� ����� �
            (Equation 3) 

 

Figure 5. An example of the supervised classification wizard appears technique using training data 

for Aster image. 

For validation and final editing purposes, high-resolution basemap images from both 

ArcGIS 10.4.1 (ArcGIS Online, 2018), and Google Earth in June 2018 (Google Earth, 2018) 

have been used. Both were used as a reference shoreline for validating and editing the 

mapped shorelines. Even though they are not taken at high tide, they are an important 

free resource to use. Their spatial resolution reaches a few centimetres. Fig. 6 shows the 

images used in this study. The final shorelines were projected on the local coordinate sys-

tem WGS_1984_UTM_Zone_39N. 
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Figure 6. The images used in this study for mapping, editing and validating the shoreline. 

3. Results and discussion 

The results show that shoreline 7 is is the most accurate among the others (Fig. 7). 

This shoreline was verified using the high-resolution images of the basemaps. Even 

though the shoreline 7 gave the best result, there were some simple displacements on the 

shoreline according to the spatial resolution of the band (Fig. 8). The high-resolution 

basemaps showed some generalization in the mapping. Although the high-resolution 

images were taken at different times, the high tide line can be determined, especially with 

field knowledge of the study area, and the background of analyzing satellite images based 

on coastal geomorphology concepts, in particular experience in distinguishing some 

phenomena such as wave-cut platforms and swash line, among others. Additionally, the 

spatial resolution of these data reaches a few centimetres in some places. The maximum 

tidal currents and waves around Failaka Island were less than 5 meters (Al-Sarawi et al., 

1996); this is less than the spatial resolution of the merged image used to map the shore-

line. According to that, it was better to use these high-resolution images to edit the ex-

tracted shoreline 7, which was extracted from the spectral index of Landsat 8 merged im-

age using visual analysis. The band rationing technique could not be applied to Aster im-

age due to the band’s range and number. 

The use of multiple spectral bands increases the resolution of the image, especially 

on the intertidal areas and sabkhas or wetland zones, where it is hard to separate the land 

from the water using natural colours (Ryu et al., 2002). In addition, the band rationing 

method separates the land from the water into two clear colours, unlike the natural 

colours, which often shows a gradual shift between the two. In contrast to the automatic 

methods, the band rationing technique make the use of more than one band, and this has 

many advantages in identification of shorelines (Albanai, 2019). 

Near infrared band is extremely useful for separating land from water because it is 

reflected strongly by land, and absorbed strongly by water (Albanai, 2022). This technique 

depends on the value of each pixel on the image. The program classifies the pixels de-

pending on the number of classes that the analyst chooses. 

For the quantitative methods, both the Aster VNIR and the merged image of Landsat 

8 showed good results compared with the satellite basemap data. In the supervised clas-

sification methods, the technique depends on the user visual analysis of separating the 

land covers using samples of polygon annotation. Then, the program identifies the classes 

depending on the similarities of pixel values chosen by the user, and the number of classes 

sought by the analyst. Overall, this technique depends on which band is seen, and the 
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spatial resolution of this band. On the other hand, unsupervised techniques are similar to 

the supervised classification, except it groups the pixels automatically, which in turn de-

creases the accuracy (Fig. 9). This method also depends on the spectral band that the user 

chooses, and the spatial resolution of the image. The results are good for studies which do 

not require a high resolution on mapping the shoreline. The required accuracy depends 

on the study’s purpose. When the two are compared, manual mapping remains more ac-

curate and efficient. 

Moving to the manual methods, the two satellites show good accuracy compared to 

the basemap data depending on the visual analysis (Fig. 10). The variation between Aster 

and the merged band of Landsat 8 on mapping the shorelines was too close, and less than 

the spatial resolution of the images. Although this result is acceptable, it was difficult to 

separate the land from the water in some areas. This difficulty is due to the natural colour 

applied in the image. There were some difficulties in mapping the shoreline using natural 

colours. These difficulties highlight the importance of using another spectral composite to 

help with the mapping process. 

 

Figure 7. Application of the three indices on Landsat 8 Image. Index 1 = shoreline 7, index 2 = shore-

line 8, and index 3 = shoreline 9. 
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Figure 8. The final mapped shoreline. 

 

Figure 9. The application of colour slicing technique on (a) Aster and (b) Landsat 8 NIR band. 

 

Figure 10. The extracted shoreline with manual analysis of Landsat 8 merged band and Aster VNIR. 

The images are linear 2%. 

4. Conclusion 

This study presents a methodology to use open source data in the best possible way 

to map the shoreline. Several methods have been tested using open source remote sensing 

data (Landsat and Aster) such as supervised classification, unsupervised classification, 

manual mapping, and by applying some spectral indicators, among others. The accuracy 

of the extracted shorelines was verified using high-resolution open database images (such 
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as Google Earth basemap). The results showed that the manually mapped shoreline 

through applying spectral index (green- near infrared/green+ near infrared) is the most 

accurate, although it is important to modify it using high-resolution open database im-

ages. This study recommends relying on the latest available open source data, and this 

methodology can be applied to the latest satellite data such as Landsat – as well as to the 

Sentinel satellites, for example – in addition to any other open access satellites that may 

be launched in the future with better spatial resolution. 
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