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Abstract

:

Shoreline change and coastal erosion resulting from natural events such as sea level rise and negative anthropogenic activities continue to be problems in many of the world’s coastal regions. Many coastal socio-ecological systems have become vulnerable as a result, especially in developing countries with less adaptive capacity. We utilized the systematic method to understand the research progress and policy recommendations on shoreline change and coastal erosion in West Africa. A total of 113 documents were retrieved from Scopus and the Web of Sciences databases, and 43 documents were eligible following established criteria. It was revealed that research on shoreline change and coastal erosion has progressed substantially since 1998, with most research studies originating from the Ghanaian territory. Again, most of the shoreline change and erosion problems in West Africa result from natural events such as sea level rise. However, there was evidence of anthropogenic influences such as sand mining, dam construction, and human encroachment causing shoreline change and erosion in the region. Research in the region has also progressed in terms of methodological approaches. Since 2004, researchers have utilized remote sensing and GIS techniques to source and analyze shoreline change and erosion. However, a combination of remote sensing and field observation approaches is required to clearly depict the erosion problems and aid policy direction. The overall call to action regarding policy recommendations revolves around improving coastal adaptation measures and the resilience of communities, instituting proper coastal zone management plans, and improving shoreline change and coastal erosion research. To protect lives and property, policymakers in the region need to set up good coastal zone management plans, strengthen adaptation measures, and make coastal communities more resistant to possible risks.
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1. Introduction


The global climate has changed, and this has several impacts on both human and natural systems [1]. Coastal zones have widespread socio-ecological systems and remain one of the most affected by the negative impacts of climate change [2]. Global temperatures have increased, which has resulted in the expansion of ocean waters and the melting of glaciers [3]. This process increases the ocean’s water volume, thereby resulting in sea level rise [4,5]. Sea level rise poses several threats to coastal systems, especially on the adjacent shoreline and nearby coasts and beaches [6,7,8,9,10], which leads to coastal erosion [11].



Leatherman et al. [7] stressed that a continued rise of 10 cm in sea level could result in 15 m of shoreline erosion along the east coast of the United States. Luijendijk et al. [8] also reiterate that 24% of the global sandy beaches are eroding at rates exceeding 0.5 m/year, whereas 28% and 48% are accreting and stable, respectively. In addition to the natural process of sea level rise as a significant factor for shoreline change and the possible erosion of coasts and beaches, negative anthropogenic activities on the coast are found to have an equal effect [12,13,14]. As indicated by Nicholls et al. [15], the long-term erosion of coasts, beaches, and changing shorelines is a well-recognized phenomenon at the local, regional, and global scales. While negative anthropogenic activities reduce sediment supply to the coast [6,16,17,18,19], sea level rise alters the sediment budget in all areas [12,20]. Erosion of the coasts and beaches and related shoreline will increase [21,22], especially as the future sea level is projected to rise under human-induced climate change [23]. This, therefore, requires effort to combat the negative impacts the process may have on the coastal systems.



Several efforts have been dedicated to the understanding of the dynamics of the global shorelines and the erosion processes of coasts and beaches. These efforts are essential considering the current negative anthropogenic activities and the projected future rise in sea level [23]. Several research studies on shoreline change and erosion of coasts and beaches have been conducted at all levels across the different continents of the world (e.g., [13,14,17,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45]).



As the number of original research studies on shoreline change and erosion of coasts and beaches increases across coastal regions of the world, the number of literature reviews that portray the state-of-the-art research stance and policy direction on the subject has also increased (e.g., [10,35,46,47,48,49,50,51,52,53,54]). While the number of literature review studies on the subject increases in many regions of the world, the research progress and policy stance on the subject in question remain limited in the West African region, although original research exists (e.g., [13,55,56,57,58,59,60,61,62,63]). While the original research keeps increasing in the region, it is equally important to understand the state-of-the-art stance and progress on the subject in the region and the policy directions recommended. As far as we are aware, no comprehensive review of shoreline change and coastal erosion exists in the region, indicating the need for one. Alves et al. [64] made efforts in a similar conceptual domain. However, their study was limited to coastal erosion and flood risk in the West African region and did not consider the dynamics of shoreline change. Their study was desk-based without a specified time frame or an approach, and it focused on coastal management practices. The authors also did not attempt to understand the policy recommendations offered by researchers on the shoreline change and coastal erosion problems along the West African coast. Research of this nature is imperative, especially considering the vulnerable nature of the region to the negative impacts of climate change [65,66]. To respond to this knowledge gap, it is essential to use a methodology that can show the state-of-the-art stance on the subject. In this regard, this study utilized the systematic review technique to understand the research progress and policy recommendations on shoreline change and erosion along the West African coast.



Therefore, in this study, we systematically reviewed the research progress on shoreline and erosion from coastal Mauritania to coastal Nigeria (i.e., from the northwest coast to the Bight of Benin) between 1998 and 2022 in 43 journals. The main question that drives this study is: How has research on shoreline change and coastal erosion progressed in West Africa? Considering the current increased anthropogenic and natural threats in the world’s coastal regions, a systematic review of the research progress and policy recommendations on shoreline change and coast erosion is crucial.



1.1. West Africa: Location and Geomorphology


West Africa is one of the regions of Africa and is made up of countries such as Mauritania, Cape Verde, Senegal, Gambia, Guinea-Bissau, Guinea, Sierra Leone, Liberia, Mali, Burkina Faso, Cote d’Ivoire, Ghana, Togo, Benin, Niger, and Nigeria. Apart from Mali, Burkina Faso, and Niger, which are landlocked countries, the remaining countries form the West African coast. Based on geo-environmental characteristics and meteo-oceanographic driving forces, the West African coastline can be grouped into three [64,67]. These include the northwest section from Mauritania to Guinea Bissau, the muddy and sandy west coast from Guinea Bissau to Sierra Leone, and the Gulf of Guinea from Liberia to Nigeria [64,67]. Figure 1 shows the map of West Africa. The West African coastline covers approximately 6000 km [64,67,68]. The coastline is highly dynamic and comprises sandy and rocky beaches, sand spits, estuaries, mud, and mangrove forests [64,67,68,69].



1.1.1. Geo-Environmental Characteristics


The coastline in the northwest (from Mauritania to Guinea-Bissau) varies from high-energy beaches in Mauritania to mangrove ecosystems along the mouth of the River Senegal [64,68]. Various ecosystem types, such as sandy beaches, estuaries, spits, and barrier beaches, exist in the coastal zones of Senegal and Gambia [64]. Major estuaries in this zone include the Senegal, Gambia, Saloum, and Casamance rivers [64]. Volcanic, rocky beaches can also be found in Cape Verde [64]. Erosion is a common problem in this zone, especially along the low coastlines of Senegal and Gambia. The shoreline in these areas is characterized by accretion, especially between 1968 and 1986 [70]. Notwithstanding, evidence of shoreline recession has been recorded, especially beginning from 1986–2004 and from 2004–2017 [70].



The west coast (stretching from Guinea-Bissau to Sierra Leone) is muddy in nature and supports mangrove development [67]. According to Anthony [67], this zone experiences waves from both the North and South Atlantic. The area does not have major river networks, unlike the northwest and the Gulf of Guinea. Nonetheless, the small number of estuaries present in this zone supports sediment load that results in shoreline accretion [64,67].



The Gulf of Guinea (stretching from Liberia to Nigeria) is dynamic in nature and characterized by both rocky and sand beaches. The coastline along Liberia is low-lying with erosional features such as sandy beaches, estuaries, lagoons, and mangroves [64]. In Côte d’Ivoire, both rock (from Cape Palmas to Fresco) and sandy (from Fresco to the western border with Ghana) shoreline types are observed [71]. Ghana’s coastline, which is 540 km long, is subdivided into three sections, the western, central, and eastern [72,73]. The western portion is flat with large beaches and lagoons and has low energy [64]. The eastern portion is sandy in nature with barrier lagoons and spit [72]. The central portion has moderate energy with rocky headlands, sandbars, spits, and lagoons [64,74]. Togo and Benin have uniform coastlines characterized by dune ridges and lagoons. It is situated in the center of the Bight of Benin (a beach-ridge barrier-lagoon system from the coast of Ghana to Nigeria). The sandy beaches along these coastlines are highly dependent on the sediment supply from the Volta and Mono rivers [64]. Beginning in the 1960s, the sediment supply from these rivers decreased due to dam construction, which affected the sediment budget [75]. These areas are characterized by huge erosion, with little accretion occurring in the updrift of port infrastructure [75]. The coastline of Nigeria is about 853 km long and is characterized by four distinct geomorphic features, including the barrier–lagoon complex, the mud coast, the Arcuate Niger Delta, and the Strand coast [68]. Nigeria’s coastline is mostly covered with mangroves, swamps, lagoons, beach ridges, and sandbars [64]. Major river networks along the Gulf of Guinea coast include the Niger River Delta, the Volta River Delta, the Ankobra River, the Mono River, the Ramos River, etc.




1.1.2. Meteo-Oceanographic Forcings


The northwest section is characterized by swell that is parallel to the coast of Senegal and moves north–south throughout the year [70,76]. This oblique north–south movement results in the formation of spits and sandy ridges toward the south [64]. The wave direction in this area is from the west-northwest to the north [64]. The wind wave in the area has a greater range [61] and is caused by local tropical winds, which peak in spring and autumn and correspond to the oscillatory movement of the Inter-Tropical Convergence Zone (ITCZ) over Senegal [61,64].



The muddy west coast of Guinea-Bissau to Sierra Leone has a southeast to northwest wave direction and is considered the junction coast in terms of wave climate in the West African region [67]. This area receives swell waves from both the North and South Atlantic Oceans, with northwest waves being of low to moderate energy [64,67].



The Gulf of Guinea coast, which also includes the Bight of Benin, is characterized by two differing wave climate components, including locally formed wind waves and a medium-to-high latitude swell [64,77]. The medium-to-high latitude swell waves in the South Atlantic are common in the Bight of Benin region and the same as the locally formed waves in the tropics [64]. Along the Gulf of Guinea, swell waves are notable in the rainy season. The medium-to-high latitude waves are associated with strong westerly winds, and the subtropical zone is controlled by the south-easterly trade winds from the coast of Namibia [77].






2. Materials and Methods


Here, we present the systematic review approach that was utilized to analyze how research on shoreline change and coastal erosion has progressed in West Africa. Here, we followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [78]. The PRISMA protocol guides systematic reviews by ensuring that a specific research question that allows for a systematic literature search is stated explicitly [78]. It also ensures that studies have clear inclusion and exclusion criteria and that large databases for scientific literature searches are examined in a reasonable amount of time [78].



2.1. Resources and Search Procedure


On 31 October 2022, we searched for studies that showed evidence of shoreline change and coastal erosion in the Scopus and Web of Science (WoS) databases. The Scopus database is one of the most popular for conducting literature searches. It contains over 22,800 peer-reviewed journals from 5000 publishers worldwide and is considered one of the largest abstract and citation databases with diverse subject areas, including social sciences, environmental sciences, agriculture, etc. [79]. The WoS database from Clarivate Analytics contains over 33,000 journals and covers over 256 disciplines, such as social sciences, environmental studies, interdisciplinary, development, and planning [79]. Thus, WoS contains bibliographic and citation data spanning more than a couple of centuries [79].



After deliberating on the appropriate keywords, we developed a list of terms related to shoreline change and coast erosion, which we then used to search the Scopus and WoS databases for relevant studies. In the Scopus database, the following keywords were used: TITLE-ABS-KEY ((“shoreline chang*” OR “shoreline dynamics” OR “coastline change”) AND (“beach erosion” OR “shoreline erosion” OR “coastal erosion”) AND (“West Africa”)) while the topic function was utilized for the WoS search as: TS = ((“shoreline chang*” OR “shoreline dynamics” OR “coastline change”) AND (“beach erosion” OR “shoreline erosion” OR “coastal erosion”) AND (“West Africa”)). Further searches were performed for the individual coastal territories in the region. This was done to capture relevant studies from each country in West Africa. We maintained the list of terms but replaced the keyword (“West Africa”) with each of the coastal countries, e.g., Benin, Cape Verde, Côte d’Ivoire, Liberia, Ghana, Nigeria, etc. We combined the list of terms with Boolean operators to find more relevant concepts for the topic at hand (e.g., OR, AND). The use of the Boolean operator “AND” shows that the review looked at studies that were based on these ideas. To ensure variant endings for keywords, the asterisk (*) truncation function was used where applicable.



Given the keywords used in the document search and selection procedures as well as the use of only Scopus and WoS databases, there is a possibility that some relevant papers on the subject studied will be missed. However, the two databases used for conducting literature searches are regarded as robust and reliable [80].




2.2. Eligibility Criteria and Selection Process


In this study, we considered all document types and languages (e.g., research articles; books; book chapters; conference and conference proceedings; reviews; etc.). We excluded documents that were unrelated to the subject in question, as well as those from outside the West African region or to which we did not have direct access.



Scopus and WoS searches returned 61 and 52 documents, respectively. We must emphasize that the WoS document search was carried out in the Web of Science Core Collection. The resulting literature citations were imported into the EndNote reference management software (https://endnote.com/ accessed on 1 November 2022) for reference organization. At this point, we first eliminated 65 duplicate records. Following that, 48 documents were exported to Microsoft Excel®, where we independently screened them for eligibility. Through an independent review, we used selection criteria for the titles and abstracts. The criteria were then narrowed to include only studies focusing on shoreline change and coast erosion in the West African region. The study’s exclusion criteria were founded on the inclusion of shoreline change and coastal erosion in West Africa. As a result, only studies that addressed these aspects were included in this review. Throughout this process, we met on a regular basis to resolve and discuss any contrasting issues regarding the studies chosen for review. When we were unable to reach an agreement on a particular study, a third researcher was contacted. At the end of this process, a total of 43 documents were used in the review (Figure 2).




2.3. Data Extraction and Analysis


Publication attributes such as author and year, title, study aim, study location, major finding, conclusion or recommendation, and journal source were collected during the data extraction and analysis phase. Here, we applied the inductive qualitative approach to data analysis to examine the main research findings and policy recommendations from the individual studies. This helped to understand the research progress and policy directions on the subject. Table S1 summarizes the characteristics of the publication, study locations, materials and methods, findings, and conclusions.





3. Results


3.1. Publication Characteristics, Study Locations, and Journal Sources


Figure 3a–c show the publication attributes, study locations, and journal sources for the dissemination of research on shoreline change and coastal erosion. From Figure 3a, the most studies (seven) were published in the year 2022, followed by 2021 with six, and the lowest (one) in years such as 1998, 2004, 2012, and 2014. Figure 3a reveals variations in the years of publication. Regarding this review, the first study on the subject occurred in 1998. Following that, interest in the subject declined between 1999 and 2010, with the exception of 2004, when a single study was published. However, interest in the subject has increased since 2011 and particularly since 2021 (Figure 3a). We believe that the decrease in the number of studies between 1998 and 2010 could be due to data challenges, which are a common feature in the region.



From Figure 3b, Ghana is recognized as the country in the West African region with the most [23], followed by Nigeria [11], with no studies in countries such as Côte d’Ivoire, Sierra Leone, and Mauritania. We must state that studies conducted between two or more countries were counted individually for these countries. For instance, studies done along the coast of the Bight of Benin were counted for Ghana, Togo, Benin, and Nigeria. In Figure 3c, the majority (six) of the studies were published in the Journal of Coastal Research, followed by the Journal of African Earth Sciences (four), and the least in journals such as the Annals of GIS and Applied Geography, among others.




3.2. Research Progress on Shoreline Change and Coastal Erosion in West Africa: A Qualitative Analysis of the Literature


Several research studies on shoreline change and coastal erosion have been conducted in the West African territories since 1998. Shoreline change and coastal erosion in the region are the result of natural events such as sea level rise and human-induced actions, as recognized in other regions of the world.



3.2.1. Shoreline Change and Coastal Erosion Due to Natural Events


On the natural causes, Orupabo [81] reported that shoreline retreat at the eroding Victoria Island Bar beach, Nigeria, is about 7.3 m/year, whereas shoreline retreat is on average 1.7 m/year. Kusimi and Dika [82] reported that the Ada Foah shoreline in Ghana has been eroding since 1926 to present times with a mean change of 280.49 m and an average annual rate of 3.46 m/year. Jayson-Quashigah et al. [83] discovered an average erosion rate of 2 m/year ± 0.44 m along Ghana’s Keta coast. Likewise, Appeaning Addo and Lamptey [84] reported that the Accra, Ghana, shoreline has receded at an average rate of 1.13 m/year. Equally, Jonah [13] stated that, between 1974 and 2012, the Elmina, Cape Coast, and Moree coasts in Ghana eroded at a rate of 1.22 m/year ± 0.16 m. Similarly, Jonah et al. [85] highlighted average shoreline change rates of −1.24 m/year and −0.85 m/year in the medium- and short-term periods along the Elmina, Cape Coast, and Moree coastlines in Ghana. Along the Niger Delta in Nigeria, Dada et al. [86] said that the delta coast is characterized by predominant summer erosion and higher winter accretion. The researchers highlighted that between 2010 and 2012, erosion dominated accretion, with a total of 9.1 km2 of deltaic land lost to shoreline erosion at an average rate of 4.55 ± 1.21 km2/year [86]. Again, Danladi et al. [87] found remarkable erosion along the coastal regions of Lekki, Nigeria.



Moreover, Evadzi et al. [57] pointed out an annual coastal erosion rate of about 2 m/year in Ghana due to sea level rise. Awange et al. [88] indicated more erosion along the Liberian coast between 1998 and 2002. In addition, Gomes et al. [89] highlighted the stable state of the Boavista, Cape Verde shoreline between 1968 and 2010. In addition, Thior et al. [70] stated that the northern lower, Casamance, Senegal, and the southern beaches in Gambia accreted between 1968 and 1986, while higher erosion was observed between 1986 and 2004. Appeaning Addo et al. [90] reported that the eastern and western shorelines of the Volta River estuary in Ghana are eroding at an average rate of 1.94 m/year and 0.58 m/year, respectively. Boye and Fiadonu [91] underlined that in the western region of Ghana, few areas of the shoreline are accreting, while most areas with a rocky shoreline are eroding at varying rates. Moreover, Adeaga et al. [92] indicated that the Lagos, Nigeria, shoreline cumulatively recorded a mean rate change of 0.93 m/year, a mean erosion rate of −1.94 m/year, and a mean accretion rate of 4.84 m/year. The researchers again told us that the Victoria Islands recorded a mean erosion rate of −5.2 m/year and a mean accretion rate of 81.99 m/year over a 20-year period [92].



Brempong et al. [93] reported that in coastal Dzita, Ghana, shoreline changes indicated dominance of erosion at a rate of −7.23 ± 0.23 and −4.85 ± 0.23 m/year between May and December 2018, and June and December 2019. In coastal Rufisque, Senegal, Koulibaly and Ayoade [94] informed us about a serious erosion reaching −19.48 m/year from 1978–1988, about −8 m/year from 1988–1998, −5.88 m/year from 1998–2008, and −6.67 m/year from 2008–2018. Furthermore, in Togo, Guerrera et al. [58] stated a maximum shoreline retreat rate of 5 m/year. Balle et al. [95] indicated that from 1988 to 2001, a high rate of shoreline accretion was observed at an average rate of 3.46 m/year and an erosion rate of −4.54 m/year from 2001 to 2012 along the Benin shoreline. Osanyintuyi et al. [96] pointed out an average erosion rate of −1.73 m/year and −3.59 m/year and an accretion rate of 0.57 m/year and +4.46 m/year, respectively, for marginal Lagos and Eko city coasts in Nigeria. Yang et al. [97] reported that in Cotonou, Benin, the shoreline revealed accretion of 1.20 km2, while 3.67 km2 disappeared due to coastal erosion. Angnuureng et al. [98] informed us about a high erosion rate of about −3 m along the Elmina coast in Ghana. Furthermore, Oloyede et al. [99] highlighted a shoreline change rate of <−2.0 to 1.0 m/year over the entire coastline of Nigeria. Sadio et al. [62] informed us that the average erosion rate for the entire coast along the Saloum River mouth between Diakhanor and Sangomar, Senegal, remains at −3.56 m/year. Komolafe et al. [60] again revealed that approximately 40 km of the shoreline of Ilaje-Ondo State, Nigeria, was accreting with an average of 1.08 m/year and an average erosion rate of −1.40 m/year. Foli et al. [100] also said that the rate of erosion ranged between 1 and 30 m/year for the period 2015–2018 in Ghana, Guinea, Guinea Bissau, Liberia, Nigeria, and Senegal. Figure 4 depicts a graphical representation of the shoreline change rates revealed in the literature for each West African coastal country, while Table 1 summarizes the rates of shoreline change caused by natural events.




3.2.2. Shoreline Change and Coastal Erosion due to Human Activities


On the human-induced actions, Nairn et al. [101] presented a summary of the key aspects of the Keta Sea defense project in Ghana and reported that the undeveloped area of the coast will erode up to 60,000 m3/year. Appeaning Addo [55] informed us that in Accra, Ghana, human activities including dam construction, sand mining, and engineering interventions have resulted in a sediment deficit that has exacerbated coastal erosion in the area. Again, in Accra, Ghana, Appeaning Addo [56] stated that the estimated total area of land lost by human encroachment on the coast is about 242,139.7 m2. The researcher stated further that the rate of erosion of the Accra coast is 1.92 m/year [56]. Similarly, Jonah [13] pointed out that the widespread practice of beach sand mining along the Elmina, Cape Coast, and Moree coasts in Ghana has significantly contributed to the erosion of the sections of coastline. In addition, Jonah et al. [102] highlighted that tipper truck-based sand mining activities alone account for the loss of about 285,376 m3/year along the Cape Coast coastline, which results in erosion. Equally, Ndour et al. [61] reported that after the construction of the Nangbéto Dam on the Mono River in 1987 in Benin, the Bouche du Roi river outlet has exhibited marked instabilities, with an eastward migration exceeding 700 m/year. In addition, the researchers noted that human interventions, such as the construction of seaports and groins, have had a significant impact on shoreline evolution and contributed to shoreline erosion near Cotonou. Table 2 summarizes the natural and human-induced shoreline changes and coastal erosion.




3.2.3. Policy Recommendation by Research Studies on Shoreline Change and Coastal Erosion in West Africa


Several policy recommendations have been suggested by researchers in the West African region based on the shoreline change and coastal erosion problems identified. For instance, Orupabo [81] advised the coastal authorities in Nigeria of the need to establish relevant infrastructure to collect, compute, and manage meteo-ocean data along the country’s coastline. Kusimi and Dika [82] suggested to the coastal planners of Ada Foah, Ghana, the need for a sea defense project such as sand nourishment and groins to protect the shoreline from erosion. Appeaning Addo [56] recommended to authorities the need to create setback lines along the Accra coast in Ghana to protect lands for the shoreline’s cyclic activities. In addition, Jonah [13] suggested to coastal managers in Elmina, Cape Coast, and Moree in Ghana the need for the adoption of a proactive and coordinated shoreline management plan for Ghana’s coast like those of the United Kingdom shoreline management plan due to the numerous known benefits. Similarly, Evadzi et al. [57] advised policymakers on the need to intensify research into the anthropogenic factors that account for approximately 69% of the annual erosion rate in coastal Ghana.



Along the Elmina coast in Ghana, Angnuureng et al. [98] advised coastal managers of the Elmina beach in Ghana that, in addition to the hard engineering structures to fight erosion, more soft measures such as beach nourishment will counter erosion and eventually build the beach. Likewise, Ndour et al. [61] suggested to the coastal authorities in Senegal and Benin the need to improve the adaptation strategies along the coasts of the countries. Similarly, Sadio et al. [62] emphasized the need for improved adaptation measures along the shoreline of Senegal due to the projected rise in sea level by 2050 and 2100. Along the Volta River estuary in Ghana, Appeaning Addo et al. [90] suggested to authorities the need for effective management approaches such as developing disaster risk reduction strategies as well as increasing the resilience and adaptive capacity of the communities along the estuary. Similarly, in Lekki, Nigeria, Danladi et al. [87] alluded to policymakers about the need for continuous inspection of the entire Lekki coast and the construction of environmentally friendly coastal defenses like dune barriers and sand replenishment. Again, in the Eti-Osa local government area of Victoria Island, Nigeria, Adeaga et al. [92] mentioned to authorities the need to institute appropriate land use and land cover management plans for the area. Considering the serious nature of shoreline change and coastal erosion in Nigeria, Oloyede et al. [99] suggested to coastal planners the practicability of their study in identifying the vulnerable portions of the Nigerian coast and subsequently aiding in the development of appropriate adaptation and mitigation plans. Moreover, Osanyintuyi et al. [96] said that the current coastal management policies and plans in Lagos State, Nigeria, need to be changed so that the coastal zone can be used in a sustainable way.



Koulibaly and Ayoade [94] also advised authorities in coastal Rufisque, Senegal, to concentrate coastal protection facilities and to include a community dimension in local and national plans for adaptation to sea level rise and related impacts such as coastal erosion. Guerrera et al. [58] advised coastal authorities in Togo to develop urgent measures to mitigate the problem of shoreline change and coastal erosion, as well as the need to include effective solutions in the 2018–2022 national development plan. Moreover, Yang et al. [97] suggested to the coastal managers of Cotonou, Benin, the need to maximize the effectiveness of groins along the shoreline of the area. In addition, Foli et al. [100] advised coastal authorities in Ghana, Guinea, Guinea-Bissau, Liberia, Nigeria, and Senegal to increase dialogue and consultations in the policy- and decision-making process to be able to achieve the blue economy agenda. Table S1 in the Supplementary Material summarizes the key findings and policy recommendations from all the studies used in this review.






4. Discussion


The research progress on shoreline change and coastal erosion and the policy recommendations in West Africa have been systematically appraised. The review shows that research on shoreline change and coastal erosion has made a lot of progress in West Africa, where scientists are committed to studying the topic.



Regarding this review, it was revealed that the first study on the subject appeared in 1998 in Ghana by Nairn et al. [101]. Notwithstanding, their study focused on the human-induced causes of shoreline change and coastal erosion and employed only numerical modeling techniques and not remote sensing or GIS approaches. Between 1999 and 2010, excluding 2004, the interest in the subject dropped greatly as no study was conducted, and this could be attributed to factors such as low economic development (insufficient funding), less established research institutions, and data challenges [46]. Still, this claim could be questioned, especially when it comes to the lack of data, because in 2004, Orupabo used the remote sensing method and analyzed aerial photos to estimate changes in the Nigerian shorelines of Victoria Bar Beach, Awoye-Molume, Escravos, and Forcados [81].



Since 2011, interest in the subject has increased, especially beginning in 2021, when more studies emerged. As negative anthropogenic activities keep increasing and sea level is projected to rise [23], more research is expected from the region. As indicated in the review, most of the shoreline change and coastal erosion problems in the region were the result of natural events like sea level rise. However, there is evidence of greater anthropogenic influence, for example, along the shoreline of Accra, Ghana [55,56], in the sections of the Elmina, Cape Coast, and Moree shorelines in Ghana [13], and in coastal Benin [61]. This, thus, supports the assertion that human-induced factors and sea level rise are the major causes of shoreline change and coastal erosion made elsewhere [12,14]. Sand mining, dam construction (which can have both positive and negative effects), and human encroachment are all negative human activities that can be found along most of the region’s shorelines.



As research progresses in the region, researchers have made efforts to suggest appropriate policy recommendations to authorities in their respective areas of jurisdiction. The overall call to action regarding policy recommendations revolves around improving coastal adaptation measures and the resilience of communities, instituting proper coastal zone management plans, and improving shoreline change and coastal erosion research. Researchers have used the Journal of Coastal Research and the Journal of African Earth Sciences, among others, the most to share their research findings.



One other thing worth mentioning as progress for the region is the increasing use of remote sensing and GIS approaches for shoreline change and coastal erosion analysis (see Table S1 in the Supplementary Material). Since 2011, most researchers have employed the techniques. Most data are sourced from satellite images (Landsat, Corona, Google Earth, etc.), aerial photographs, video camera systems, and unmanned aerial vehicles (drones), while tools such as ArcGIS/ArcMap, the digital shoreline analysis system (DSAS), QGIS, and the global positioning system (GPS) have been employed to analyze shoreline change and coastal erosion in the region. This supports the global analysis of data sources and tools for shoreline change analysis by Ankrah et al. [46]. While the above techniques are appropriate and highly recommended, it is equally important for researchers in the region to integrate these techniques with field survey and observation approaches. From the review, few studies employed the combined approaches (e.g., [13,55,58,61,83,90,98,102]). We believe that a combination of remote sensing and field observation can show (through pictures) the problems with coastal erosion in a way that can help policymakers figure out what needs to be done.




5. Conclusions


The study utilized the systematic review approach to analyze the research progress on shoreline change and coastal erosion in West Africa. The main conclusion from this review is that shoreline change and coastal erosion research in West Africa has progressed substantially, reflecting the increasing concerns of scientists in the region. According to the research, Ghana has the most studies [23] on the subject, followed by Nigeria [11], with no studies in countries such as Côte d’Ivoire, Sierra Leone, and Mauritania.



It was established that research on the subject has progressed not only in terms of theory but also in terms of methodological stance. However, a combination of remote sensing and field observation techniques is required. It was revealed that shoreline change and coastal erosion in West Africa are the result of both natural events such as sea level rise and negative anthropogenic activities, thereby supporting the scientific consensus of a combined natural and human-induced factor as the cause of shoreline change and coastal erosion [12,14]. Sand mining, dam construction, and human encroachment (urbanization) were the negative anthropogenic activities causing shoreline change and coastal erosion in most of the countries in West Africa.



Researchers in the region have made several recommendations on the subject to aid policy directions and interventions. It was established that the most important policy recommendation by researchers in the sub-region has been the need to improve coastal adaptation measures and the resilience of communities, institute proper coastal zone management plans, and improve research on the subject. The review has revealed that the West African shoreline is changing and is highly characterized by erosion. Researchers in the region are committed and have recommended several policy directions to their respective policymakers. As the sea level is expected to rise, it could change shorelines and cause erosion. To protect lives and property, policymakers in the region need to set up good coastal zone management plans, strengthen adaptation measures, and make coastal communities more resistant to possible risks.
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Figure 1. Map showing the division of the West African coast based on geomorphology. 
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Figure 2. Search and selection process for documents used in the review. Note: N denotes the number of documents. 
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Figure 3. Publication characteristics (a), country production (b), and journals for research dissemination (c) for shoreline change and coastal erosion analysis in West Africa. Note: The year 2022 extends up to the month of October. 
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Figure 4. A graphical representation of the shoreline change rates found in the literature for Cape Verde (a), Senegal (b), Gambia (c), Guinea-Bissau (d), Guinea (e), Liberia (f), Ghana (g), Togo (h), Benin (i), and Nigeria (j). Note: Erosion and accretion are represented by the negative and positive values, respectively. The sign (±) indicates the degree of uncertainty. The red, rectangular box denotes the areas of application mentioned in the literature used in this review. 
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Table 1. Shoreline change rates along the West African coast.
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Country

	
Specific Location

	
Length

	
Shoreline Change Rates: Erosion (−), Accretion (+), and Uncertainty (±)

	
Reference






	
Ghana

	
Elmina, Moree, Cape Coast

	
1974–2012

	
−1.22 m/year ± 0.16

	
Jonah [13]




	
Ghana

	
Ghana

	
1974–2015

	
−2 m/year

	
Evadzi et al. [57]




	
Togo

	
Coast of Togo

	
2014–2020

	
5 m/year

	
Guerrera et al. [58]




	
Nigeria

	
Ilaje-Ondo State

	
1986–2017

	
+1.08 m/year and −1.40 m/year

	
Komolafe et al. [60]




	
Senegal

	
Saloum River mouth between Diakhanor and Sangomar

	
1954–2018

	
−3.56 m/year

	
Sadio et al. [62]




	
Gambia

	
southern beaches in Gambia

	
1968–2017

	
−1.28 m/year and +4.15 m/year

	
Thior et al. [70]




	
Senegal

	
Northern Lower Casamance

	
1968–2017

	
−1.28 m/year and +4.15 m/year

	
Thior et al. [70]




	
Nigeria

	
Victoria Isalnd Bar beach, Awoye-Molume, Escravos and Forcados

	
1900–2002

	
−1.7 m/year

	
Orupabo [81]




	
Ghana

	
Ada Foah

	
1926–2008

	
3.46 m/year

	
Kusimi and Dika [82]




	
Ghana

	
Volta estuary to Blekusu east of Keta

	
1986–2011

	
−2 m/year ± 0.44 m

	
Jayson-Quashigah et al. [83]




	
Ghana

	
Accra

	
1904–2002

	
−1.13 m/year

	
Appeaning-Addo and Lamptey [84]




	
Ghana

	
Elmina, Moree, Cape Coast

	
1974–2012

	
−1.22 m/year ± 0.22

	
Jonah et al. [85]




	
Nigeria

	
Niger Delta

	
2010–2012

	
−4.55 ± 1.21 km2/year

	
Dada et al. [86]




	
Cape Verde

	
Boavista

	
1968–2010

	
0.18 m/year

	
Gomes et al. [89]




	
Ghana

	
Volta river estuary

	
1895–2015

	
−1.94 m/year and 0.58 m/year (western side) and 2.19 m/year and 0.62 m/year (marine side)

	
Appeaning Addo et al. [90]




	
Nigeria

	
Victoria Island and Lagos

	
2001–2020

	
−1.94 m/year and +4.84 m/year (for Lagos shoreline) and −5.2 m/year and 81.99 m/year (Victoria Island)

	
Adeaga et al. [92]




	
Ghana

	
Dzita

	
2018–2019

	
−7.23 ± 0.23 and −4.85 ± 0.23 m/year, and +8.44 m/year ± 0.23

	
Brempong et al. [93]




	
Senegal

	
Rufisque

	
1978–2018

	
−19.48 m/year from 1978–1988, close to −8 m/year from 1988–1998, −5.88 m/year from 1998–2008 and −6.67 m/year from 2008–2018, and 4.94 m/year for 1988–1998, 7.29 m/year from 1998–2008 and 7.68 m/year during the period 2008–2018

	
Koulibaly and Ayoade [94]




	
Benin

	
Grand-Popo area

	
1988–2018

	
−4.54 m/year and 7.98 m/year

	
Balle et al. [95]




	
Nigeria

	
Lagos Lagoon Barrier coast

	
1973–2019

	
−1.73 m/year and +4.46 m/year. −11.79 m/year from 1986 to 1999 (serious erosion). +92.16 m/year and −6.50 m/year at Lekki peninsula

	
Osanyintuyi et al. [96]




	
Ghana

	
Elmina

	
2018–2019

	
−3 m

	
Angnuureng et al. [98]




	
Nigeria

	
Entire coastline of Nigeria

	
1986–2015

	
<−2.0 to 1.0 m/year

	
Oloyede et al. [99]




	
Senegal, Guinea-Bissau, Guinea, Liberia, Nigeria, and Ghana

	
2015–2018

	
–10 m/year ±0.5

	
Foli et al. [100]
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Table 2. A summary of shoreline change and coastal erosion caused by natural events and human activities.






Table 2. A summary of shoreline change and coastal erosion caused by natural events and human activities.





	
Author

	
Study Location

	
Methods (Data Sources/Tools)

	
Findings






	
Natural Events




	
Jonah [13]

	
Elmina, Cape Coast and Moree, Ghana

	
GIS, field survey (orthophoto, ArcGIS/ArcMap, DSAS, GPS tracking survey)

	
The Elmina, Cape Coast, and Moree coasts in Ghana eroded at a rate of 1.22 m/year ± 0.16 m between 1974 and 2012




	
Evadzi et al. [57]

	
Ghana

	
Remote sensing and GIS (Landsat images, orthophotos, DEM data, aerial photograph, ArcGIS, DSAS)

	
An annual coastal erosion rate of about 2 m/year in Ghana due to sea level rise




	
Guerrera et al. [58]

	
Coast of Togo

	
Remote sensing, field observation (Landsat images

	
A maximum shoreline retreat rate of 5 m/year along the Togo coastline




	
Komolafe et al. [60]

	
Ilaje-Ondo State, Nigeria

	
Remote sensing and GIS (Landsat images, ArcGIS/ArcMap, DSAS,)

	
The results show that approximately 40 km of the shoreline of Ilaje-Ondo State, Nigeria, was accreting with an average of 1.08 m/year and an average erosion rate of −1.40 m/year




	
Sadio et al. [62]

	
Saloum River mouth between Diakhanor and Sangomar, Senegal

	
Remote sensing and GIS (DSAS, ArcGIS/ArcMap, aerial photograph, Corona satellite photograph, Landsat satellite images)

	
The average erosion rate −3.56 m/year for the entire coast




	
Thior et al. [71]

	
Northern Lower Casamance-Senegal and southern beaches in Gambia

	
Remote sensing and GIS (Landsat images, aerial photograph, Google Earth images, ArcGIS/ArcMap, DSAS)

	
The northern lower, Casamance, Senegal, and the southern beaches in Gambia accreted between 1968 and 1986, while higher erosion was observed between 1986 and 2004




	
Orupabo [81]

	
Victoria Bar Beach, Awoye-Molume, Escravos and Forcados, Nigeria

	
Remote sensing (Aerial photograph)

	
According to the findings, the current rate of areal shoreline retreat at the eroding Victoria Island Bar Beach is put at 7.3 m/year, while shoreline retreat is on average 1.7 m/year.




	
Kusimi and Dika [82]

	
Ada Foah, Ghana

	
Remote sensing, GIS, and survey (Landsat images, ArcGIS/ArcMap, DSAS)

	
Since 1926 to the present, the shoreline in Ada Foah, Ghana has eroded with a mean change of 280.49 m and an average annual rate of 3.46 m/year.




	
Jayson-Quashigah et al. [83]

	
Volta estuary to Blekusu east of Keta, Ghana

	
GIS (Landsat images, ASTER data, ArcGIS/ArcMap, DSAS)

	
The Keta coast in Ghana has an average erosion rate of 2 m/year ± 0.44 m




	
Appeaning Addo and Lamptey [84]

	
Accra, Ghana

	
Remote sensing, GIS, and field survey (Aerial photograph, bathymetric map, topographic map, ArcGIS, DSAS, GPS survey

	
The Accra, Ghana, shoreline has receded at an average rate of 1.13 m/year




	
Jonah et al. [85]

	
Elmina, Cape Coast and Moree, Ghana

	
GIS, field survey (topographic map, orthophotos, ArcGIS, DSAS, GPS survey)

	
Results showed average shoreline change rates of −1.24 m/year and −0.85 m/year in the medium- and short-term periods along the Elmina, Cape Coast, and Moree coastlines in Ghana.




	
Dada et al. [86]

	
Niger Delta, Nigeria

	
Remote sensing, photo interpretation (Landsat images, ERA-Interim)

	
Between 2010 and 2012, erosion dominated accretion, with a total of 9.1 km2 of deltaic land lost to shoreline erosion at an average rate of 4.55 ± 1.21 km2/year




	
Danladi et al. [87]

	
Coastal regions- Lekki, Nigeria

	
Remote sensing and GIS (ASTER GDEM, Google Earth images, ArcGIS/ArcMap, CorelDraw)

	
The results revealed remarkable erosion along the coastal regions of Lekki, Nigeria




	
Awange et al. [88]

	
The coast of Liberia

	
Remote sensing, GIS, and field survey (Landsat images, Sentinel-2 data, GPS survey)

	
More erosion along the Liberian coast between 1998 and 2002




	
Gomes et al. [89]

	
Boavista, Cape Verde

	
Remote sensing and GIS (Aerial photograph, orthophoto map, ArcGIS/ArcMap)

	
A stable state of the Boavista, Cape Verde shoreline between 1968 and 2010




	
Appeaning Addo et al. [90]

	
Volta river estuary, Ghana

	
Remote sensing and GIS (Landsat satellite images, orthophoto, topographic maps, DSAS, ArcGIS/ArcMap

	
The eastern and western shorelines of the Volta River estuary in Ghana are eroding at an average rate of 1.94 m/year and 0.58 m/year, respectively




	
Boye and Fiadonu [91]

	
Coastal towns in the Western region of Ghana

	
GIS and Field survey (topographic maps, geological map, orthophotos, ArcGIS/ArcMap, DSAS, GPS survey)

	
In the western region of Ghana, few areas of the shoreline are accreting, while most areas with a rocky shoreline are eroding at varying rates




	
Adeaga et al. [92]

	
Eti-Osa Local Government Area of Victoria Island-entire Lagos, Nigeria

	
Remote sensing and GIS (Google Earth images, QGIS, AMBUR-R programming)

	
The Lagos, Nigeria, shoreline cumulatively recorded a mean rate change of 0.93 m/year, a mean erosion rate of −1.94 m/year, and a mean accretion rate of 4.84 m/year




	
Brempong et al. [93]

	
Dzita, Ghana

	
Remote sensing and GIS (UAV, ArcGIS)

	
Results showed that in coastal Dzita, Ghana, shoreline changes indicated dominance of erosion at a rate of −7.23 ± 0.23 and −4.85 ± 0.23 m/year between May and December 2018, and June and December 2019




	
Koulibaly and Ayoade [94]

	
Rufisque, Senegal

	
Remote sensing, GIS, and Field visit (Landsat images 3, 5, 7, 8, ArcGIS/ArcMap, DSAS)

	
A serious erosion reaching −19.48 m/year from 1978–1988, about −8 m/year from 1988–1998, −5.88 m/year from 1998–2008, and −6.67 m/year from 2008–2018




	
Balle et al. [95]

	
Benin

	
Remote sensing, GIS, and field survey (SPOT, Sentinel-2, ArcGIS/ArcMap, DSAS, GPS survey)

	
Results shows that from 1988 to 2001, a high rate of shoreline accretion was observed at an average rate of 3.46 m/year and an erosion rate of –4.54 m/year from 2001 to 2012 along the Benin shoreline




	
Osanyintuyi et al. [96]

	
Lagos Lagoon Barrier coast, Nigeria

	
Remote sensing and GIS (Landsat images 1–5, 7, ArcGIS/ArcMap, DSAS)

	
An average erosion rate of −1.73 m/year and −3.59 m/year and an accretion rate of 0.57 m/year and +4.46 m/year, respectively, for marginal Lagos and Eko city coasts in Nigeria




	
Yang et al. [97]

	
Cotonou, Benin

	
Remote sensing and GIS (Google Earth images, QGIS)

	
The shoreline revealed accretion of 1.20 km2, while 3.67 km2 disappeared due to coastal erosion




	
Angnuureng et al. [98]

	
Elmina, Ghana

	
Remote sensing (dumpy level and GPS survey, UAV-drone, video camera system, ARCGIS/ArcMap, satellite images-CoastSat, GEE, sentinel, ERA-5)

	
A high erosion rate of about −3 m along the Elmina coast in Ghana




	
Oloyede et al. [99]

	
Nigeria

	
GIS (DSAS)

	
A shoreline change rate of <−2.0 to 1.0 m/year over the entire coastline of Nigeria




	
Foli et al. [100]

	
Guinea, Nigeria, Liberia, Senegal, Guinea Bissau and Ghana

	
Remote sensing (Sentinel-1)

	
The rate of erosion ranged between 1 and 30 m/year for the period 2015–2018 in Ghana, Guinea, Guinea Bissau, Liberia, Nigeria, and Senegal




	
Human activities




	
Jonah [13]

	
Elmina, Cape Coast and Moree, Ghana

	
GIS, field survey (orthophoto, ArcGIS/ArcMap, DSAS, GPS tracking survey)

	
The widespread practice of beach sand mining along the Elmina, Cape Coast, and Moree coasts in Ghana has significantly contributed to the erosion of the sections of coastline




	
Appeaning Addo [55]

	
Accra, Ghana

	
Remote sensing, GIS, and Field survey (topographic map, wave data, site visits)

	
Human activities, including dam construction, sand mining, and engineering interventions in Accra have resulted in a sediment deficit that has exacerbated coastal erosion in the area




	
Appeaning Addo [56]

	
Accra, Ghana

	
Remote sensing (Aerial photographs, orthomaps, GIS, DSAS)

	
The estimated total area of land lost by human encroachment on the coast is about 242,139.7 m2 and the rate of erosion of the Accra coast is 1.92 m/year




	
Ndour et al. [61]

	
“Langue de Barbarie,” sand spit in Saint-Louis Region, Senegal, and Mono River, the “Bouche du Roi,” Cotonou, Benin

	
Remote sensing and GIS (Landsat 4,5,7,8 satellite images, aerial photograph, ArcGIS, ArcMap, DSAS)

	
After the construction of the Nangbéto Dam on the Mono River in 1987 in Benin, the Bouche du Roi river outlet has exhibited marked instabilities, with an eastward migration exceeding 700 m/year




	
Nairn et al. [101]

	
Victoria Bar Beach, Awoye-Molume, Escravos and Forcados, Nigeria

	
Remote sensing (Aerial photograph)

	
The undeveloped area of the Keta sea defense system will erode to make up the remaining 60,000 m3/year deficit between the transport through the project area and the potential rate downdrift of the sea defense system




	
Jonah et al. [102]

	
Cape Coast, Ghana

	
GIS, field survey (ArcGIS, DSAS, orthophotos, GPS survey)

	
Tipper truck-based sand mining activities alone account for the loss of about 285,376 m3/year along the Cape Coast coastline, which results in erosion
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