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1. Introduction 

Coastline is defined as the boundary between land and the water body, is one of the most important linear features 

on the earth’s surface, which has a dynamic nature (Winarso, et al., 2001).Shoreline changes monitoring is an issue 

of concern in coastal management because of the tendency of the ecosystems to support many population (Moran, 

2003) in which the Barrier lagoon coast area is not exceptional. Coastal shorelines worldwide are changing rapidly 

as  a  result  of  natural  physical  processes  and  human  activities.  Natural  factors  such  as  sediment  supply,  

wave energy, and sea level rise are the primary causes of  coastal changes, whereas human activities are catalysts  

causing  disequilibrium  conditions  that  accelerate  changes.  

Mentaschi et al., (2006) observed that shoreline changes induced by coastal erosion and accretion are natural 

processes. However, they have become anomalous and widespread in the coastal zone of African countries owing 

to series of various natural forces, population growth and unmanaged economic development along the coast, 

within river catchments and offshore. According to (Khamis et al., 2017), the coastal zone is increasingly under 

pressure from human activities such as fishing, coral and sand mining, mangrove harvesting, seaweed farming, 

sewage disposal, urban expansion and tourism. Of particular note is dynamite fishing, over-harvesting of 

mangroves, coral and sand mining, all of which have profound negative impacts on coastal stability and are thought 

to lead to coastal erosion and shoreline change. Among other human activities that impact coastline include 

dredging and physical development, mineral exploration, and construction of ports and removal of vegetation. The 

AB ST R ACT  

Coastline is one of the most import line features on the surface of the earth. Information about the coastlines morphology is required by the coastal 

management for proper coastal planning. Over 60% of the world population lives within few km to the coast. By the turn of the century  two-thirds  of  

the  population  (3.7  billion)  in  developing  countries  have  occupied  the  coast.  Consequently,  unless  careful  environmental  management  and  

planning  are  instituted, severe conflicts over coastal space and resource  utilization  are  likely,  and  the  degradation  of  natural  resources will 

close development options. In addition to the population pressure, the world’s coastal areas and small islands are highly vulnerable to climate 

change. Low‐lying  delta,  barrier  coasts,  low‐elevation  reef  islands,  and  coral  atolls are especially sensitive to the rising sea level, as well  as  to  

changes  in  rainfall,  storm  frequency,  and  intensity. The research examined the shoreline changes over time in barrier lagoon coast and mahin 

mud coast of Nigeria. Satellite images comprising of Landsat MSS, ETM and OLI of 30m by 30m of 1990, 2000, 2010 and 2020; were used as the 

sources of data. The satellite images underwent series of geo-processing. The bands (red, blue and green) of each image were combined using Arc 

Map 10.4.  The images were added as layer whereby the shoreline from each image was digitized as polylines. The shoreline of 1990 was overlaid on 

that of 2000, shoreline of 2000 was overlaid on 2010, 2010 on 2020 and that of 1990 on 2020. Thereafter, overlaid maps were converted to polygons 

using Features to Polygon module of ArcGIS 104. The polygons were grouped to advanced (land gained) or retreat (land lost) with which spatial 

query was done. The result revealed that Barrier and -mahin mud coast lost about 56.4622km2 of land while 4.44275km2 was gained between 1990 

and 2000 whereas between 2000 and 2010; 6.65259km2 was lost while 14.0042km2 of land was gained. During the period between 2010 and 2020, 

the analysis showed that 15.4195km2 was gained while 12.2509 km2 was lost. The percentage change was highest between 1990 and 2000 with 

85.41% of land loss. 
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intensity of coastal erosion has been reported in Tanzania (Makota et al., 2004), Nigeria (Adegoke et al., 2010) and 

Asian countries like China, Japan, India, Indonesia and Vietnam (Braatz et al., 2006). 

The modeling of shoreline changes may be derived from the historical data that include topographical maps, aerial 

photographs and satellite images. These data can easily be combined and processed with the use of geographical 

information system (GIS) suggesting that shoreline change is best studied using GIS because of the its ability of 

combining and comparing satellite images of different time (years) of the same area. GIS is a unique integration or 

system of computer hardware, software, peripherals, procedural techniques, organizational structure, people and 

institutions for capturing, manipulating, storing, analyzing, modulating, modeling, and displaying of 

geographically referenced data for solving complex human-related problems (Eludoyin, et al., 2012).  The use of 

remote sensing and GIS for mapping and analyzing shoreline changes over a period of time has gained prominence 

in recent years as high resolution satellite data have become more readily available (Adegoke et al., 2010). 

Remote Sensing plays an important role in spatial data acquisition from economical perspective (Alesheikh, et al., 

2003). Optical images are simple to interpret and easily obtainable. Furthermore, absorption of infrared  

wavelength region by water and its strong reflectance  by  vegetation  and  soil  make  such  images  an  ideal  

combination for mapping the spatial distribution of  land  and  water.  Therefore, the images containing visible and 

infrared bands have been widely used for coastline mapping (DeWitt, et al., 2002). Examples of such images are 

TM (Thematic Mapper) and ETM+ (Enhanced Thematic Mapper) imagery (Chander, et al., 2009).  From  1972,  

the  Landsat  and  other  remote  sensing  satellites  have  provided  digital  imagery  in  infrared  spectral bands 

where the land water interface is well  defined. Hence, remote sensing imagery and image processing techniques 

provide a possible solution to some of the problems of generating and updating the coastline maps (Alesheikh, et 

al., 2007).  

2. Study Area 

The study area stretches from Badagry from latitude 6° 22.540'N to 5° 51.171'N and longitude 2° 42.728′E to 5° 

01.178'E (Fig.1), the beach crest elevation  of the area is between 3 - 4 m above mean sea level.  It a tropical 

maritime area with a coastline of approximately 853 km. The Nigerian coastline stretches from the western border 

with the Republic of Benin to the eastern border of the Cameroon Republic. The Nigerian coastal zone is defined as 

the area from the edge of the continental shelf to the inland area covered by swamp forest. Many of Nigeria’s 

population and economic activities are located along the coast, with over 20% of the population inhabiting the area 

(Population Reference Bureau, 2001). 

The study area cuts across three states (Lagos, Ogun, and Ondo states) of the nine coastal states of Nigeria, which 

the study area is a subset of. It is about 350 km long and covers about 6185 km 
2
 of land. The climate is humid 

tropical with a mean annual rainfall of about 2721 mm. Mean annual number of rain days is about 170, mean 

monthly rainfall is about 229 mm and mean annual temperature is about 27.8°C. Morphologically, the SWCN can 

be classified into two zones based on districts morphology, ecology, beach type and ecosystem services (Odunuga 

et al., 2013); these are: – The barrier-lagoon coast complex this extends for 250 km from the Benin/Nigeria border 

eastwards to the western limit of the transgressive mud beach; – The Mahin transgressive mud coast and beach this 
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extends for 75 km, terminating at the Benin River mouth on the northwest flank of the Niger delta; The study area, 

which supports delicate ecosystems and a large and increasing human population is also susceptible to 

human-induced environmental decline (Population Reference Bureau, 2001). 

 

Figure 1: Coastal stretch of Barrie coast and Mahin Mud coast 

3. Methods  

This study made use of satellite images of the study area. Landsat TM, ETM, OLI 30m by 30m of 1990, 2000, 2010 

and 2020. The satellite images underwent series of geo-processing in order to make them suitable for further 

analysis. The bands (red, blue and green) of each image were combined. The color composite facilitates the 

interpretation of multichannel image data by human eye. Various methods for coastline extraction from optical 

imagery have been developed. Experience has shown  that of the six reflective TM bands, mid infrared band 5  is  

the  best  for  extracting  the  land‐water  interface (Alesheikh, et al., 2007). Band 5 exhibits a strong contrast  

between  land  and  water  features  due  to  the  high  degree of absorption of mid‐infrared energy by water  (even  

turbid  water)  and  strong  reflectance  of  mid infrared by vegetation and natural features in this  range.  Of  the  

three  TM  infrared  bands,  band  5  consistently  comprises  the  best  spectral  balance  of  land to water. The 

modified normalized water index was used along with the color composite 564 and 453 for OLI and ETM 

respectively. This made it possible to obtain a sharp boundary between the land and ocean which served as the 

shoreline. Thereafter, the digitization of the shorelines in the images of each year was done in ArcGIS 9.3 as 

POLYLINES (Vector Data). The digitized shorelines of each year were subjected to spatial analyses.  The 

shoreline of 1990 was overlaid on that of 2000, shoreline of 2000 was overlaid on 2010, and that of 2010 on 2020. 

This is called overlay analysis. Thereafter, overlaid maps were converted to polygons using FEATURES TO 

POLYGON module of ArcGIS 10.4. The result of the map then revealed those areas that were advanced or gained 

into the sea and retreated or lost to the sea. However, the area in square kilometers of either advanced or retreat of 

overlaid map was calculated and inputted into the relational database. The database was then queried using 
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QUERY BUILDER (SQL) of ArcGIS 10.4 in order to group the polygons into advanced and retreat and the total 

sum of the area in square kilometers of the advanced (gain) and retreat (loss) were determined. Thereafter the 

percentage gain or loss of land was calculated for the overlaid maps (1990 and 2000; 2000 and 2010; 2010 and 

2020). The results of the analysis were presented in tables and maps.  

4. Results and Discussions 

The shoreline captured as line feature from satellite imageries were subjected to geographic analysis. The 

shorelines of 1990 and 2000; 2000 and 2010; 2010 and 2020 were overlaid.  

 

Figure 2: Map showing shorelines of all years in consideration 

 

Figure 3: Shoreline changes between 1990 and 2000 
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With this analysis, the path at which each shoreline passes gives a quick assessment of the advancement of land into 

water or retreated of water into the land. The two lines were converted to polygon using feature to polygon module 

(Figs.3, 4 and 5). 

 

Figure 4: Shoreline changes between 2000 and 2010 

 

Figure 5: Shoreline changes between 2010 and 2020 

These polygons were formed at interceptions in the advanced land into the ocean and retreat into the land. The area 

of each polygon either advanced or retreat was calculated in square kilometer in each period under consideration. 

SPATIAL QUERY analysis was also carried out whereby the polygons belonging to either advanced or retreat 
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were selected and grouped together and their area in square kilometers were summed together for each period 

(Table 1).  

Table 1: Spatio-Temporal Analysis of Shoreline Changes 

Period Advanced (Gain) (Sq km) 

Retreat 

(Loss) (Sq 

Km) 

Total 

(Sq Km) 

Shoreline 

Difference (Sq 

Km) 

Percentage Loss 

or Gain (%) 

1990-2000 4.44275 56.4622 60.90495 -52.01945 -85.41 

2000-2010 14.0042 6.65259 20.65679 7.35161 35.6 

2010-2020 15.4195 12.2509 27.670401 3.1686 11.45 

 

This is done for the four periods under consideration and thus it is possible to monitor the changes that occurred 

between these periods and thus the rate of percentage loss and gain was calculated for the periods.  Table 1 above 

shows shoreline changes and rate of change for each period.  

 

Figure 6: Show shoreline Advanced and Retreat 

During the period between 1990 and 2000 the shoreline shifted seaward (advanced) with 4.44275km
2
 while the 

shoreline shifted landward (retreated) with about 56.4622km
2
. As a result, 85.4% of land was lost. During the 

period between 2000 and 2010 the shoreline shifted seaward with 14.0042km
2
 while the shoreline shifted landward 

with about 6.65259km2, thus 35.6% of land was gained. Between 2010 and 2020, the shoreline shifted landward 

with 12.2509 km
2
 while 15.4195km

2
 shifted seaward. Assessing the shoreline situation in the periods of 

consideration, it was observed that much landmass was lost within periods of 1990-2000 while landmass was 

gained between 2000-2010 and 2010-2020. 

5. Conclusion  

Geospatial approach has been used to study the morphology of the Barrier and Mahin transgressive mud coast of 

Nigeria. The analysis revealed that   the area under investigation has been subjected to both natural and 

anthropogenic activities such as destruction of coastline by dredging, sand filling and dams of rivers. The impact of 
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the intensity of wave also affects the sedimentation level along the coastline.  Consequently, the study recommends 

that dredging in the region should be prevented, mangrove vegetation should be restored and preserved, The 

combined coastal and marine processes should be controlled, ecosystem conservation and public enlightenment 

initiatives should be coordinated on a regular basis for people leaving along the coastline to be aware of the 

vulnerability of the area to storm surge and the adaptation steps that should be put in place. 
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