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Lagos has been identified as one of the 50 cities most vulnerable to extreme sea levels. The state also ranked 30th among 136 port cities in terms of population exposure to flooding under a past climate scenario (2005) and 15th under a future climate scenario (2070s). The state faces significant environmental strains as a result of its geo-economic status. Some of the problems are wetland loss, pollution, population pressure, restricted access to drinkable water, and flooding. All these factors have contributed to the instability of Lagos ecosystems, but the impact of flooding is particularly significant because Lagos is surrounded by aquatic ecosystems and its low elevation and topography increase its susceptibility to flooding. The method adopted in this review involved the use of PICO (Population, Intervention, Control, and Outcomes) criteria to synthesize the research questions and objectives. Thereafter, PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines was employed for the study selection criteria, search strategies and data extraction methods. A broad search strategy involving databases (Google scholar, Science Direct), pertinent keywords and search filters was used to identify relevant articles and minimize selection bias. After the search, PICO criteria was again used to select the studies to be considered in the review. The selected text were downloaded and the essential scientific information were extracted and analyzed in the study. The impacts of flooding are numerous. Flooding is a key factors that has prevented Africa’s growing urban population from escaping poverty, and it also impedes the achievement of some SDGs. This is because many African cities lack the resources and infrastructures needed to withstand extreme weather conditions. Surviving in flood-prone cities like Lagos is a daunting task because flood affects livelihood, human health, and can even cause death. Specifically, the 2020 flood incidence in Nigeria affected about 40% of the local government areas, and 97% of the states, displacing over 120,000 persons and killing 68 persons aside from properties and farmlands destroyed. Women and children are the most vulnerable. The adoption of advanced flood risk management strategies could help in flood containment and management in the state.
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INTRODUCTION
Flooding is a major challenge to coastal states all-over the world. The global incidences of flooding has witness an upsurge in recent times due to a combination of factors: climatic, anthropogenic, demographic, socio-economic and political. Specifically, some of these variables are: awareness of the risk of flooding, the lack of progress made in many areas to reduce the risk of flood disasters, increased urbanisation and population expansion, industrialization, the exposure and vulnerability of a vast human population to flooding and sea level rise (Raaijmakers et al., 2008). Flooding in Nigeria can be classified as either fluvial (arising from rivers surpassing man-made or natural barriers), coastal (primarily affecting coastal areas), or pluvial (flash, occurring suddenly after a strong storm) (Bashir et al., 2012). In addition to the above categories, flooding in Lagos State is caused by poor waste disposal practices and improper urban planning. These floods have been a major source of concern for Nigeria’s cities and rural areas particularly Lagos State (Nkwunonwo et al., 2016). These anthropo-climatic factors are the prime causes of the current flood incidences. Although, climate change has been linked to other extreme weather events like desertification, wildfire, heat waves, tornadoes and tropical cyclones (IPCC, 2019b), flooding caused by a rise in sea level constitutes a significant threat to the human population.
Sea levels rose at the rate of 1–2 mm per year in the last century (IPCC, 2019a). The current rate is about 3.7 mm annually (IPCC, 2021). The primary cause is climate change brought on by humans, which constantly warms (and thereby expands) the ocean and melts glaciers and land-based ice sheets (Mengel et al., 2016). Sea level rise between 1993 and 2018 stood at about 42% and was primarily caused by the thermal expansion of water. Other significant contributions came from melting temperate glaciers (21%), Greenland (15%), and Antarctica (8%) [World Climate Research Programme (WCRP) Global Sea Level Budget Group, 2018]. Since sea level rise follows variations in Earth’s temperature, it will continue to rise between now and 2050 predominantly as a result of current warming; whether it rises thereafter depends on human greenhouse gas emissions (National Academies of Sciences, Engineering, and Medicine, 2011; IPCC, 2013). In the next 2000 years, sea level rise would still be 2–3 m (7–10 ft) if global warming is kept at 1.5°C (2.7°F) (IPCC, 2018), while it would be 19–22 m (62–72 ft) if it reaches a maximum of 5°C (9.0°F) (IPCC, 2021). Increasing sea levels put unprotected areas at risk of flooding directly, as well as indirectly through increased storm surges, king tides, and tsunamis. Additionally, they are linked to secondary effects like the destruction of coastal ecosystems such as mangroves, decreased crop yields caused by the salinization of irrigation water, and the cessation of maritime trade as a result of damaged ports (Pramanik, 2014; Ward et al., 2016). Tens of millions of people will be forced to live in areas that are prone to yearly flooding due to the projected sea level rise by 2050. If greenhouse gas emissions are not significantly reduced, this could rise to hundreds of millions in the later decades of this century (Kulp and Strauss, 2019). While gradual rises in sea level may give time for adaptations like sea walls, time can also accelerate the number of people at risk because many coastal communities have experienced rapid population growth because of the human quest to enjoy the services provided by the aquatic ecosystems. Under warming of 3°C (5.4°F), which aligns with the current trajectory, million of people would be impacted in cities like Miami, Rio de Janeiro, Osaka, Shanghai, and Lagos later in the century (Holder et al., 2017).
Lagos is one of the major urban agglomerations in the world with an estimated population of over 28 million people (Mogaji, 2020). The state is the industrial hub of Nigeria with over 50% of the country’s industrial capacity. Lagos State is described as the “State of Aquatic Splendour” because of its enormous aquatic resources. Water bodies and wetlands cover over 40% of the total land area of the state with lagoons and creeks consisting 22% of its area (Olajuyigbe et al., 2012; Obiefuna et al., 2013a). The above geographical and socio-economic variables contribute to the vulnerability of Lagos to flooding as she has been identified as one of the 50 cities most vulnerable to extreme sea levels (IPCC, 2022). Climate-induced flooding is almost becoming an annual event in Nigeria in the last 10 years and Lagos State has not been spared in any of these episodes (Figure 1). In 2020, flood incidence in Nigeria affected about 40% of the local government areas, and 97% of the states, displacing over 120,000 persons and killing 68 persons aside from the properties and farmlands destroyed. The 2022 record showed that 92% of the states in Nigeria were affected and over two million persons were displaced (Aguiyi, 2022). The projection for 2023 predicts severe impacts on the population, infrastructure, livestock, and livelihood. About 89% of the states would be affected, 36% of the local government areas in Nigeria would experience high flood incidents while another 40% would be impacted by moderate flood (Thisday, 2023). The Lagos figure is not different from the national outlook. According to the InsuResilience Solutions Fund (2021), flooding affects about 90,000 Lagos residents each year, and in 2021 it caused 4,000 people to be evacuated from their homes (Usigbe, 2021). In the last few decades, floods have caused many thousands more to be displaced.
[image: Figure 1]FIGURE 1 | Flood-risk map of Nigeria showing the intensity of flooding in the 36 states and FCT. Source: Njoku et al (2020).
Much of what is known about flooding in Nigeria appears to be lacking in terms of proffered solutions, as seen by the rising number of flood victims and its negative consequences on sustainable development. The topic at hand is particularly important because Nigeria is one of the most populous nations in the world, with an estimated population of about 202 million people and annual growth rate of approximately 2%, with Lagos State accounting for 8% of her population (National Bureau of Statistics, 2023). The issue is further compounded by high poverty rate, which stands at about 37% and insecurity of lives and properties. Given the postulation that future flood risk would be propelled by expected population expansion, this anticipated demographic change and socio-economic challenges would stimulate interest in increasing the capacity of humans to withstand flooding. This laudable goal is achievable if appropriate steps are taken beyond the current practices, which are largely reactive. Some of the suggested proactive measures include infrastructural development, enhanced public enlightenment campaign, policy initiatives, physical and socio-economic interventions (Agbola et al., 2012), deployment of community-based early warning systems (Agbonkhese et al., 2014), capacity building for risk management and reduction (Adedeji et al., 2012) and humanitarian gestures from the private and public sectors (Adeoye et al., 2009).
Furthermore, it will also be good to introduce scientific approaches to flood risk management as the practice is in the advanced world by the use of models to predict flood scenarios, and satellite technology for concurrent floods detection at different scales. The main challenge in executing the above propositions is the paucity of flood data in Nigeria. This study, which adopted the PICO (Population, Intervention, Control, and Outcomes) criteria for research questions and objectives synthesis, and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines for study selection criteria, search strategies and data extraction methods is propelled by four key issues—1) to understand the current flood risk management practices in Lagos State, Nigeria and their short-comings, 2) to identify the factors contributing to flooding in Lagos State and the segments of the Lagos coastal population vulnerable to flooding, 3) to encourage the adoption of advanced flood risk management strategies like the use of models and remote sensing techniques deployed in industrialized nations, and 4) to advocate flood risk awareness programmes among the populace so that they can leverage on socio-economic interventions, improve their resilience and build capacity to cope with flooding. Therefore, the aim of this study was to examine the impacts of climate-induced flooding on Lagos coastal ecosystem, indicators of vulnerability by different segments of the coastal population, the use of advance technology to predict and manage flood as well as the adaptation and resilient strategies employed to combat the consequences of flooding in the state.
Conceptual Framework of the Study
According to Parnell et al. (2007), cities in developing nations are more susceptible to the effects of flooding. Also, with rising climate change, Lagos has been predicted to rank fifth of the most exposed cities to climate change (Nicholls et al., 2008). This has undoubtedly been reflected in the increased frequency of floods in many of Lagos’s inland areas and the constant flooding in the coastal communities arising from the Atlantic Ocean. Gandy (2006) reported that when there is heavy rainfall in Lagos, over half of the city’s residences become flooded, while about a third of homes deal with knee-deep water inside their houses.
Many urban and coastal communities, including Lagos State, are severely impacted by floods in several ways. Some of the impacts of flood reported in different studies include the effect on human health, increased exposure to disease, especially waterborne diseases, caused by temporary restrictions on access to medical services, worsened condition of the cities’ sanitation, and food spoilage resulting in economic devastation (Action Aid, 2006). The report of the July 2011 Lagos Flood Incident by the Nigerian Insurance industry showed that the flood resulted in the displacement of over 5,000 residents and the death of about 100 persons. Serious economic loss of goods and properties estimated at 380 billion Naira (US$320 million) were also reported during this period (Ajibola et al., 2012; Adelekan and Asiyanbi, 2016). In a similar report by IPCC (2007), more than 40% of people living in coastal cities in West Africa are also considered to be at risk from flooding.
Along Nigeria’s coastline, erosion is a common natural occurrence that has been attributed to contributing significantly to flooding in many of the surrounding coastal communities. The coastal erosion many of which are observed to exceed 10s of m/y in some areas (Ibe and Antia, 1983), often results from severe sea wave conditions, poorly developed coastal plains, delicate sedimentation processes, the existence of underwater gullies and canyons, and the rapid rise in sea level (Ibe, 1990).
Coastlines have also been altered by a variety of human activities, both locally and globally. These include backshore vegetation clearance, port construction, drilling and mining exploration, building barrages, and breakwater infrastructures (Pandian et al., 2004). Similarly, depending on the prevailing processes affecting the coastline, flood vulnerability of the coastal areas also results from coastline exposure to tidal activities which are frequently caused by erosion or sediment accumulation. In addition, rapid population, and infrastructure growth along the Lagos coast (Kundzewicz et al., 2008), slum expansion, inadequate urban planning, and increased urban migration all contribute a great deal to an increased flood vulnerability in Lagos inland and coastal communities and hence demand the formulation of an effective coastal zone management strategy (Wang et al., 2013; Bevacqua et al., 2018).
Due to the increasing flood incidents and the associated hazards in Lagos State, and other coastal cities, there is a need to develop a flood risk management programme that is focused on the growing population, the critical human and government infrastructures and assets (McGranahan et al., 2007; Hallegatte et al., 2013). According to Miceli et al. (2008), the formulation of an appropriate flood risk mitigation and adaptation strategy requires providing an accurate depiction of flood risks on the social and physical lives of the people, as well as improving public knowledge on flood vulnerabilities. These will assist in the identification of areas at risk from sea level rise (Wang et al., 2013; Bevacqua et al., 2018).
To reduce the danger of flooding in Lagos inland and coastal communities, Lagos has focused on structural measures including building waterways and drainage systems, providing assistance after natural disasters, and improving public awareness to the point that it can deter people from disposing of rubbish in drainage channels. Other efforts involve more public participation in formerly state-led flood protection initiatives, as well as global civic partnerships like membership in the International Council for Local Environmental Initiatives (ICLEI) (Breitmeier et al., 2009; Adelekan, 2010). However, more scientific approaches like flood modelling, flood hazard mapping and the use of remote sensing techniques in flood risk prediction and management should be adopted by Lagos State to drastically reduce the impacts of flooding on the people of the state.
MATERIALS AND METHODS
Description of Lagos State
This study focused on the vulnerability, resilience, and adaptation of Lagos coastal communities to Flooding. Lagos State is one of the coastal cities in Nigeria which has coastal boundaries with the Atlantic Ocean. The state is located within latitudes 6°23′N and 6°41′N and longitudes 2°42′E and 3°42′E. Lagos is also one of the most populous cities in Nigeria and Africa with a population currently estimated to be approximately 28 million people (Mogaji, 2020). Surrounded by the Atlantic Ocean and inland waters, more than 100 informal communities and slums are located within the city and along the Lagos coastal stretch. The state is exposed to frequent heavy rains, storm surges, and coastal floods caused by sea level rise. Based on predictions of the 2070 climate scenario, Lagos is ranked the 15th most exposed city to flooding in the world (Nicholls et al., 2008). This poses a big risk to the over 28 million people of Lagos, the economy, housing, and infrastructure in the state.
Literature Search
In this review we conducted a comprehensive analysis of existing literatures to examine the dynamics of vulnerability, resilience, and adaption of Lagos coastal communities to flooding. We followed the PICO (Population, Intervention, control, and outcomes) criteria in developing research questions and objectives for the study. The objective of the study is to examine the effects of climate-induced flooding on Lagos coastal ecosystem, the indicators of vulnerability by the different segments of the Lagos coastal communities, the use of advance technology in predicting and managing floods, as well as the adaptation and resilient strategies employed in combating the consequences of flooding in Lagos coastal communities.
After identifying the research questions/objectives, we followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines for the study selection criteria, search strategies, data extraction methods to ensure a transparent review process. A comprehensive search strategy which involved the use of multiple databases; Google scholar,1 and Science Direct,2 relevant keywords, and search filters was used to identify all relevant studies on the topic, in order to minimize the risk of missing relevant evidence and reduce selection bias. During the search, keywords such as “Flood in Lagos State,” “Flood episodes in Nigeria,” “Impacts of flooding on Livelihood in Lagos State and Nigeria,” “Flood Adaptation in coastal communities,” “Adaptive measures to flooding,” “Resilience of Lagos coastal communities to flooding,” and “Flood vulnerability in Lagos and Nigeria” were used.
When the search was concluded, the PICO criteria used for developing the study objectives was employed in selecting studies that will be included in the review. To remove discrepancies and further minimize bias, two independent authors were engaged in the screening of search results and extracting data from the selected studies. In order to ensure consistency and reliability of our findings, the quality of included studies were assessed by considering factors such as study design, the robustness and quality of the study, peer-review status, and study objectives. After the screening and selection was completed, full text of the selected articles were downloaded. Thereafter, a critical appraisal of the included studies was done by synthesizing the relevant scientific information contained in those studies and discussing their strengths, limitations, and potential biases in our review. The flow diagram of the selection process in shown in Figure 2.
[image: Figure 2]FIGURE 2 | Flow chart for article identification and studies included in the review.
RESULTS AND DISCUSSION
Flood Incidences in Lagos State, Nigeria
Flooding is a general condition of partial or complete inundation of normally dry areas from overflow of inland or tidal waters or from unusual and rapid accumulation of runoff (Seenu et al., 2020). According to Louw et al. (2019), Lagos State has a long history of natural and human-induced flooding incidents that have led to the displacement of people, loss of properties, and deaths. The natural factors contributing to flooding in Lagos State include the city’s location in a coastal area, which is prone to sea-level rise and storms. The topography and low-lying condition of the city also make it prone to flooding during heavy rainfall (Obiefuna et al., 2021; Dube et al., 2022). Moreover, human-induced factors, such as poor drainage systems, improper disposal of waste, and the destruction of wetlands due to urbanization and human activities also contribute to flooding in Lagos State (Auwalu et al., 2021). According to documented records by the Federal Ministry of Environment (FME, 2012), Lagos State is one of the few states in the country with high flood incidents (Figure 1). The record of flood disasters in Lagos State retrieved from the database of Centre for Research on the Epidemiology of Disasters alludes to this assertion (Centre for Research on the Epidemiology of Disasters, 2023). While the population of Lagos State increased progressively from 2004 to 2023 (National Bureau of Statistics, 2023), the number of people affected by flood was within a narrow range except in 2012/2013 and 2022/2023 where there were upsurges of about 3,900% and 1,700%, respectively (Figure 3). With the exception of 1973, flooding in Lagos has been an annual occurrence since 1968 till date. The most affected areas include Lagos Island, Ikorodu, Ikeja, Apapa, Surulere and few other parts of the state as shown in Table 1 below. It can be deduced from Table 1 that Lagos Island has the highest intensity and severity of flooding in Lagos State with a yearly occurrence from June 1968 to June 2020. This is closely followed by Victoria Island, which was struck by flooding about three times within a year (Year 2000). Other severely affected areas are: Ikorodu, Surulere and Ikoyi that had incessant occurrence of flooding from June 1969 to June 2020. It also showed that every part of the Lagos metropolis is prone to flooding as no single area of the state is left out. The only difference is that the intensity, severity and the occurrence of flooding differ from one area of the state to the other. Table 2 shows the effects of flooding on the people and properties of Lagos State with reference to the national averages between 2004 and 2023. Flood damages to properties in Lagos State was low within this period except in the years 2012/2013 and 2022/2023 where significant destruction of properties were recorded. Even during these years, the values were below 7.0% of the total damages recorded nationally. The percentage of flood victims in Lagos State with reference to the national average was relatively low during the period (2004–2023) except in 2006/2007 where 14.04% was recorded. The death toll was also low except in 2008/2009 where 100% was recorded implying that Lagos State accounted for all the deaths caused by flood in Nigeria in the 2 years.
[image: Figure 3]FIGURE 3 | The population of Lagos State and the number of flood victims (The 2023 Lagos State population figure was an estimate). Sources: Centre for Research on the Epidemiology of Disasters, 2023, EM-DAT emergency events database. Available online at: www.emdat.be (accessed 5th February 2024).
TABLE 1 | Occurrence of flood events in Lagos State (June 1968–June 2020).
[image: Table 1]TABLE 2 | Summary of flood impact in Lagos State and for Nigeria as a whole for the years 2004–2023.
[image: Table 2]On 10th July 2021, major floods hit the city of Lagos, submerging cars and houses and bringing many parts of the metropolis to a standstill (Higuera Roa et al., 2022). The flood was caused by a mixture of high tides and heavy rainfall that occurred during a low-pressure storm system. The tidal water and sea levels were raised by more than 122 cm by the high tides, which submerged drainage channels and coastal defences near Lagos Lagoon and the Atlantic Ocean. Throughout this time, the government of Lagos State declared a catastrophe and urged people to remain calm. An estimated 100 people were killed, many were rendered homeless, and properties valued at over 380 billion Naira (US$320 million) had been destroyed by the time the storm subsided (Oladunjoye, 2011). Houses were submerged in low-lying communities which included Ketu, Alapere, Agric, Owode Onirin, Ajegunle, Alagbole, Kara, Isheri Olowora, Araromi Otun Agiliti, Maidan, Mile 12, Odo Ogun, Owode Elede, Agboyi I, Agboyi II, all located in Ikorodu which is high flood risk local government area in Lagos State (Figure 4). More recently, THISDAY Newspaper of 19th February 2023 predicted that local government areas in Lagos State, which are part of the 178 LGAs in 32 states that are located in high-risk flood zones in Nigeria, would experience coastal flooding due to rising sea level and tidal surge which will have serious negative effects on fishing, wildlife habitation, and river navigation. It is also tagged as one of the cities across the country that will experience flash and urban flooding (Adelekan, 2015).
[image: Figure 4]FIGURE 4 | Map of Lagos State showing high, moderate, and low flood-risk Local Government Areas.
A good number of the studies mostly highlighted the immediate post-disaster management strategies ranging from provision of foods, clothes and relocation of affected persons to internally displaced persons (IDP) camps (Adeoye et al., 2009; Agbola et al., 2012; Nkwunonwo et al., 2016). There has been an enormous humanitarian reaction to flood incidents in Nigeria. In nearly every instance of this extreme weather event in Nigeria, victims have benefited from humanitarian aid from non-governmental organisations (NGOs) such as the International Federation of Red Cross (IFRC), the World Bank, the United Nations, foreign nations like the United Kingdom, Japan, the United States, France, and China, as well as religious groups. Over US$70 million was spent on humanitarian relief in response to the 2012 flood disaster [UN Office for the Coordination of Humanitarian Affairs (OCHA, 2012)]. However, there has not been much emphasis on permanent solutions to the socio-economic and health problems arising from the flood incidents. This is an area requiring urgent attention. There must be political will by the government to permanently resettle flood victims to flood-free areas and provide them adequate funds to continue their former businesses or start a new one. National health insurance could be helpful to tackle post-flood health crises. Some of the socio-economic crises caused by flood are loss of farmland, destruction of social amenities like schools, hospitals, etc. The health effects include the transmission of water-borne diseases like cholera and diarrhea especially among children below the age of five and people with underlying illnesses. This could lead to disease outbreak as has been reported in some states in Nigeria (Olanrewaju et al., 2019; Gao et al., 2016). Flood waters are home to more than 100 pathogens, including bacteria, viruses, and parasites (Sharifi and Bokaie, 2019). Flood victims who come in touch with these vectors and contaminated water through drinking or food preparation will likely become infected as a result of the favourable conditions created by the floodwater for pathogens and their vectors (Komolafe et al., 2015). The relocation of flood victims to IDP camps has its peculiar problems if not properly managed. More often than not, IDP camps have poor sanitary conditions, inadequate safe drinking water, over-population as well as shortage of shelter, which could lead to water-, insect- and air-borne diseases. Sexual assaults and their consequences like sexually transmitted infections (HIV, chlamydia, and gonorrhea) are common in IDP camps. There are also non-communicable diseases attributable to flooding particularly mental health disorders caused by flood-induced trauma (Olanrewaju et al., 2019).
Environmental Factors Contributing to Flooding in Lagos State, Nigeria
Land Use Change
Due to its geographical location, and low-lying terrain, Lagos State is highly vulnerable to flooding. Land use change, which involves the conversion of natural land covers such as forests, wetlands, and grasslands to urban or agricultural land uses, has been identified to significantly contribute to exacerbating flooding in the region (Israel, 2017) (Figure 5). Land use change can alter the natural drainage patterns of the land, resulting in the diversion of water from its natural channels and causing increased flooding in adjacent areas (Sugianto et al., 2022). For example, deforestation and the conversion of wetlands for agricultural use can reduce the capacity of the land to absorb and retain water, leading to increased surface runoff and soil erosion (Adebayo, 2014).
[image: Figure 5]FIGURE 5 | Environmental factors contributing to flooding in Lagos State and their effects.
Additionally, urban development through land reclamation, lagoon dredging, conversion of coastal wetlands into urbanized communities, and the construction of buildings, pavements, and other infrastructure can alter the surface of the land, leading to increased runoff and decreased infiltration of water into the ground (Kandissounon et al., 2018). This can further exacerbate flooding, and flash floods in low-lying areas, as more water is directed towards existing drainage systems, which may already be overwhelmed during heavy rainfall events. Identifying flood-prone areas, implementing appropriate land use change, and sustainable land management practices such as agroforestry and conservation agriculture, will help to reduce the impact of land use change on flooding and promote sustainable development in Lagos State (Otokiti et al., 2019).
Wetland Loss
Wetlands are important natural ecosystems that provide a wide range of benefits, including flood regulation, water purification, biodiversity conservation, and carbon sequestration (Figure 5). Generally, wetlands act as natural sponges, absorbing and storing large amounts of water during heavy rainfall and releasing it slowly over time. This process helps to reduce the intensity and frequency of flooding in nearby areas (Jisha and Puthur, 2021). Unfortunately, wetland loss has been identified as a significant factor contributing to the increased flooding in Lagos State, Nigeria (Uluocha and Okeke, 2004). Lagos State is home to several wetlands, including the Ogun River Basin, Lekki Conservation Center, and the Lagos Lagoon (Oyebande et al., 2003). However, wetland loss is occurring primarily due to urbanization, degradation, and land-use changes (Adegboyega et al., 2019). As the population of the state is increasing, more and more wetlands are being converted to residential and commercial areas, agriculture, and other land uses. This has led to a reduction in the natural capacity of wetlands to absorb and store water, which in turn has increased the risk of flooding (Adebayo, 2014).
Aside from flooding, wetland loss has led to the destruction of the habitats of many important aquatic plant and animal species (Kingsford et al., 2016). To lessen the effects of floods and other environmental issues, policymakers and stakeholders need to emphasize wetlands’ protection and restoration by regulating land-use changes, establishing protected areas, and encouraging green infrastructure that can help control stormwater runoff (Ndimele et al., 2024).
Pollution
Pollution is among the pressing environmental challenges facing Nigeria and has a significant impact on flooding in Lagos State (Evelyn and Tyav, 2012). In Lagos, rapid urbanization has resulted in increased pollution, especially from industrial activities, transportation, and waste disposal. In most Nigerian cities and communities, waste disposal is at its lowest point. The majority of city centers lack public garbage disposal facilities, so residents bury, burn, or carelessly dispose of their waste without thinking about its effects on the environment. With the increase in solid waste pollution, the accumulation of solid waste, especially plastic waste in drainage channels and canals hinders the free flow of water, causing flooding during heavy rainfall (Adelekan, 2010). Furthermore, the pollution of water bodies, such as rivers and lagoons, reduces their ability to hold water, leading to increased surface runoff and flooding (Ndimele et al., 2022).
In several studies assessing the impact of environmental flooding in Lagos State, it was observed that poor waste management practices, such as littering, dumping of waste in unauthorized places, and open defecation, contribute significantly to flooding (Ike et al., 2018; Samson and Oluwatoyin, 2012). Similar to solid waste pollution, air pollution has also been identified as a significant contributor to flooding. It was found that air pollution, particularly from vehicular emissions, reduces the permeability of the soil, leading to increased surface runoff during rainfall and, consequently, flooding (Akanwa et al., 2023). From the foregoing, it is apparent that solid wastes particularly plastics contribute significantly to flood incidents in Lagos State because they clog drainages and prevent the free flow of water after rainfall. This problem can be addressed in several ways. Decrease the usage of single-use plastic products, implement legislative measures to discourage the use plastics, provide incentives to users of alternatives to plastics, raise public awareness on the consequences of plastic pollution, invest in waste management infrastructure, and foster eco-friendly innovations like bio-plastics.
Population Pressure
Population pressure has a significant impact on flooding in Lagos State, Nigeria. The state is one of the most populous in Nigeria and the world, with an estimated population of over 20 million people (Mogaji, 2020). This population growth has led to rapid urbanization, expansion of built-up areas, and the development of previously undeveloped areas.
In Lagos State, the combination of a rapidly growing population and poor urban planning has contributed to frequent and severe flooding in the state (Obiefuna et al., 2013b). As the population grows, the demand for housing, infrastructure, and other facilities increases, leading to the encroachment of floodplains, wetlands, and the destruction of natural flood barriers and drainage channels (Kasim et al., 2022). This intrusion disrupts the natural flow of water, leading to increased surface runoff and flood risk, particularly during heavy rainfall events. According to a 2016 poll by the Lagos State Government, 19% of respondents had experienced floods in the previous year (Lagos Bureau of Statistics, 2016). After crime, flooding is considered by locals to be the second-most significant threat to the city (Adelekan and Asiyanbi, 2016).
Additionally, rising population density can lead to increased impervious surfaces, such as roads, buildings, and parking lots, which prevent rainwater from being absorbed into the ground, leading to overwhelming drainage systems, and causing flood incidents (Echendu, 2020). Also, the improper disposal of waste and debris in drainage channels and water bodies is known to further worsen the flood situation, as it hinders the flow of water and causes blockages.
Climate Change
Climate change is a global phenomenon that has far-reaching effects on the environment and people’s livelihoods. In recent years, flooding has been identified as one of the most visible and devastating effects of climate change, particularly in low-lying coastal areas like Lagos State, Nigeria. The city is situated by the Atlantic Ocean and has a long coastline. As sea levels rise due to global warming, the risk of flooding and coastal erosion increases (Erlandson, 2012). Many areas of the state’s coastline now experience coastal flooding at a very alarming rate during high tides.
Climate change is causing alterations in weather and rainfall patterns, which can lead to prolonged periods of drought, followed by intense rainfall events (NASEM, 2016). In Lagos State, heavy rainfall events have become more frequent and intense, leading to flooding in many areas. This flooding is exacerbated by the fact that Lagos State is situated on a low-lying coastal plain, and this makes it especially susceptible to storm surges and sea level rise. In addition, the city’s drainage systems are ill-equipped to handle the increased volume of water, leading to widespread flooding in both urban and rural areas.
The impacts of flooding in Lagos State are widespread and devastating. Floods can damage homes, infrastructure, and agricultural land, leading to human displacement, loss of livelihoods, economic hardship, and death. Flood also increases the risk of waterborne diseases such as cholera and typhoid fever, which can spread rapidly in crowded urban areas like Lagos State (Adelekan and Asiyanbi, 2016).
Adverse Effects of Flooding on Animal and Human Ecology in Lagos State
Effects of Flooding on Artisanal Fisheries
Jiboye et al. (2019) reported that floods at Ibereko, Iyafin Isalu, Aradagun, Badagry Town, Ropoji, Toga, and Topo negatively affected artisanal fishermen as their catches dwindled whenever the creek is flooded. Furthermore, lakes and ponds in the neighborhood that serve as breeding sites for several species of freshwater fish and other aquatic animals which provides the majority of the population with a means of livelihood are overflowed with salt water due to floods in the neighborhood (Jiboye et al., 2019). This sort of saltwater intrusion causes the mortality of freshwater fish species. Makela (2008) examined the effects of flooding on Lagos fishermen and reported that floods affected at least 20% of the coastal population with consequences ranging from the depletion of the fish population, change in fish species composition, and loss of livelihood by fishers (Ndimele et al., 2021). Adeoti et al. (2010) investigated how flooding affects the welfare of fishermen households in Epe, Badagry, Eti-Osa, and Ikorodu and discovered that 82% of the fishermen from these local governments in Lagos State experienced the loss of income from fishing, destruction of gears and nets, especially between May and August, when the rainy season is most intense. The decrease in the amount of fish caught was said to have caused the loss. The respondents, however, experienced different levels of income loss.
Impacts of Flooding on Crop Farming
Agricultural produce in Lagos State and Nigeria at large is mostly rain-fed. As a result, decreased agricultural productivity will result from increasing coastal rainfall intensity, floods, and farmland degradation (Ogbuabor and Egwuchukwu, 2017). Nigeria produces a variety of food crops, such as rice, corn (maize), yams, cocoyams, beans, sorghum (guinea corn), melons, and soybeans (Shiru et al., 2018). The livelihoods of the populace, the nation’s economy, and the security of its food supply would all be significantly impacted by a decrease in agricultural output (Onwutuebe, 2019). Flooding due to rising sea levels makes soils too salted for growing, thus eroding soils and resulting in lower yields (Sayne, 2011; Amobi and Onyishi, 2015).
Impacts of Flooding on Social Infrastructure
Flooding and its effects are becoming important topics on the agenda of Lagos State. Studies have shown that the frequency, intensity, and severity of flooding incidents across the majority of the city have made Lagos to be listed as one of the most vulnerable cities to flooding (Marcott et al., 2013; NOAA, 2016). Lagos has been impacted by ocean swells and deterioration of coastal beaches including Alpha, Kuramo, and Lekki, where homes were damaged, and people died. An ocean surge in early August 2012 was reported to have displaced the inhabitants of Lekki from their homes and submerged Lekki Beach for some days (Fabiyi and Yesuf, 2013). The report of Riise and Adeyemi (2015) on the social and economic variables affecting housing types among the low-income group in Makoko, Lagos State revealed that a significant section of the population lives in homes constructed of bamboo and planks. These homes are inexpensive and accessible but the major cause of flooding in Makoko was inadequate or nonexistent drainage (Louw et al., 2019). Also, the infrastructural deficits make Makoko susceptible to flooding, which happens at least three times a year on average (Lawanson et al., 2022). However, in the Makoko neighborhood, flooding typically takes two different forms, namely, storm-related coastal flooding that escalates waves and tides, and pluvial flooding which occurs during intense rainfall resulting when river levels around the slum rise over the banks (Ajibade, 2019; Ajibade and McBean, 2014).
Flooding could impedes development in at least four ways: displacing human populations, collapsing buildings, damaging plants, and disrupting livestock (Oladokun and Proverbs, 2016). Abolade et al. (2013) explained that the reasons for and consequences of floods in Agege Local Government Area (LGA) emanated from the non-functional or/and non-existent drainage systems, high rainfall, and direct dumping of waste into the drainage systems. This ultimately contributed to spoilt roads and buildings within Agege LGA. Adelekan (2015) evaluated the dangers and vulnerabilities of four specifically chosen poor urban areas close to the ocean in Lagos State, Nigeria, and concluded that flooding is exacerbated by urban development. The assessment of the impact of Lagos’ coastal population’s exposure to coastline deterioration showed that between the months of April and August when the water rises, flooding of Victoria Island and other low-lying parts in Lagos State is frequent (NOAA, 2016). This impact causes destructive pounding of the coastline. According to the vulnerability assessment database, there were 6,983 features in total that were climate-vulnerable, and the impacted features, buildings, and infrastructures have exposure levels that change depending on distance, concurrency, and severity (NOAA, 2016). For instance, the rate of the ocean surge was made worse by the Eko Atlantic City project; thus, several communities such as Epe, Ibeju Lekki, Eti-Osa, and Kosofe, and other infrastructures (cultural, religious, academic, and the primary access point to the community) have been swept away by the Atlantic (NOAA, 2016). The wide range of infrastructures across the state that are vulnerable to flooding hazards according to the vulnerability mapping of the CRA project was huge and had a range of impacts, varying from least to mildly and most severely impacted (NOAA, 2016).
Consequences of Flooding on Human Health
The impacts of flooding on humans include skin infections, diarrhea, communicable and acute respiratory infections, vector-borne illnesses, and non-communicable disorders (Aderogba, 2014). In coastal eco-zones in Nigeria including Lagos State, windstorms, extreme rainfall, and flood can result in drowning, death, and severe physical and psychological harm, especially for residents who live along major rivers, on islands, and in low-lying coastal areas (Abdulkadir et al., 2017). Intense rainfall, floods, and contaminated groundwater all contribute to a rise in the spread of water-borne illnesses as well as other conditions including hepatitis and malaria (Ebele and Emodi, 2016). In addition to contaminating drinking water with sewage, industrial waste, and chemical wastes, heavy rainfall events may also create disease epidemics and force people to spend their limited resources on emergency medical treatment (Ebele and Emodi, 2016; Louw et al., 2019).
Effects of Flooding on Food Security and National Economy
In Nigeria, food insecurity is a significant and evolving issue. According to reports, over 40% of Nigerians are classified as food insecure (Thomas and Turk, 2023) and 70% did not have enough food to eat in 2021 (World Food Programme, 2022). Flooding, which is becoming a yearly occurrence in Nigeria, exacerbates the problem. As Nigeria is expected to become the third most populous country in the world by 2050 (United Nations, 2022), it is imperative that food security concerns be addressed. The national agricultural plans, which do not even address the influence of catastrophes on food security, demonstrate that politicians/policymakers do not recognise flooding as a danger despite its impact on food security. Flooding could affect all the four pillars of food security, which are; availability, accessibility, utilisation, and stability of food.
Food production determines the amount of food that is accessible. Nigeria is currently producing less food than is needed, and imports play a major role in filling the gap. The problem is exacerbated by flooding. In addition to destroying livestock, crops, farm settlements, and seedling storage, flood destroys the ecosystem. This lowers yield and has an impact on the following planting season, which leads to a crisis of food scarcity. Flooding affects food access in a number of ways, including making food more expensive, harder to physically obtain, and scarcer. About 88% of Nigerian farmers are small-holder farmers, who are the most susceptible and most affected sector of the agricultural industry (Sabo et al., 2017). Floods have the power to severely destroy infrastructure, as seen by the collapse of roads and bridges in Nigeria, which prevents physical access to inputs (such as fertiliser or seeds) and markets for the products produced there. A crucial component of food security is food utilisation. If soil and nutrient loss from flooding has resulted in inadequate nutrition from food, then access to and availability of food do not ensure appropriate food utilisation. Food produced on degraded soil has lower nutritional value and quality (Akpoveta et al., 2014). Flooding can cause damage to plant tissue, which can lead to the emergence of bacterial and fungal diseases that compromise crop quality (Jaffar et al., 2023). Changes in the nutritional makeup of food have an impact on the consumption of micronutrients (Reddy et al., 1984). The agricultural farmlands of Nigeria have shown evidence of this following flood episodes (Osakwe et al., 2014). Food stability—the guarantee that food is consistently available, palatable, and healthy—is also impacted by flooding.
Agriculture is a significant area of life in the Nigerian economy. Therefore, floods can negatively impact the gross domestic product by reducing agricultural yields and productivity (Solomon and Edet, 2018; Anabaraonye et al., 2019). Flood can also undermine economic growth through loss of produces/products and destruction of infrastructure, which could result in extra-budgetary spending (Federal Government of Nigeria, 2013). Nigeria’s agriculture industry is heavily affected by climate change because the system relies enormously on rain-fed techniques. For instance, numerous economic sectors in Nigeria were impacted by the 2012 floods and it also resulted in reducing the GDP by 1.4% (Federal Government of Nigeria, 2013). According to the results of flood impact assessments, there have been significant losses in terms of human lives and means of subsistence, as well as disruptions to vital services and commercial activity. Food security and revenue streams were jeopardised, and both the agricultural and non-agricultural sectors suffered significant losses in revenue. A recovery and long-term flood risk reduction plan are therefore necessary, as the evaluation also reveals low recovery rates of impacted households and towns following the 2022 floods. Compared to roughly 40% in urban areas, the effects of the flood were substantially greater in rural areas (74%). The effect of the floods varies by gender as well; 57 percent of families headed by women and 66% of those headed by men were affected.
Effects of Flooding on the Achievements of SDG
The Sustainable Development Goals (SDGs) aim at achieving global environmental and human development by the year 2030 (Bebbington and Unerman, 2017). However, frequent flooding events observed in Nigeria and in particular Lagos State now serve as a major hindrance towards achieving the SDGs (Echendu, 2020). Some specific sustainable development goals already known to be impacted by the flood that will be discussed include SGD-1: No Poverty, SDG-2: Zero Hunger, SDG-3: Good Health and Wellbeing, SDG-6: Clean Water and Sanitation, SDG-11: Sustainable Cities and Communities, and SDG-13: Climate Action.
Globally, poverty has been identified as the biggest challenge to achieving the SDGs. Unfortunately, several environmental issues such as flooding are exacerbating the living condition of people in Nigeria and Lagos State in particular. Lagos State is characterized by a low-income population, many of whom are living below the global poverty line (Wahab, 2017). These people reside in poorly built houses which are prone to the risk of flooding. In addition, flooding results in the destruction of businesses, properties, physical terrains, social capital, and investments of already poor households (Echendu, 2020). The effect of this results in more hunger, increased disease occurrence, low per capita income, and reduced life expectancy (Samans et al., 2017).
Ensuring food security through improved agricultural production is key to achieving the zero-hunger goal of sustainable development. However, the food production and agricultural supply sector of Nigeria and Lagos State is greatly impacted by annual flooding (Osabohien et al., 2018). In many parts, floods destroy crops and livestock, cause reduced yield and harvest, affect the seedling and farm storage houses, and more importantly, flood negatively impacts the planting seasons (Conforti et al., 2018). In addition, flooding results in the destruction of cultivable lands, thereby causing scarcity of food, and an increase in food prices (Azubuike and Nnubia, 2015; Matemilola and Elegbede, 2017). The direct effects of this are felt mostly by the poorer rural farming communities who suffer the loss of income and lack of money to buy other commodities.
Ensuring healthy lives (SDG-3) has a strong relationship with access to clean water and sanitation (SDG-6). Flooding has a direct and indirect impact on the health of people. For example, flooding causes hunger and poverty, which increases the vulnerability of people to disease, injury, and even death (Echendu, 2020). When homes become flooded, they provide suitable habitats for breeding mosquitoes and molds, causing a trigger in the outbreak of malaria, allergies, and other epidemics diseases like typhoid, dysentery, and cholera, which affects the health of children, women, and other people (Rieckmann et al., 2018). According to Oriji (2015), flood results in the transportation of environmental pollutants such as fertilizers, pesticides, sewers, insecticides, plastics, other contaminants, and microorganisms most of which cause detrimental impacts on the environment and human health. This also contaminates water bodies, thereby reducing access to portable water (Louw et al., 2019).
SDG 11 strives to create inclusive, secure, resilient, sustainable cities and human settlements while SDG 13 is concerned with immediate action to mitigate the effects of climate change. Flooding in Lagos State induced by climate change, poor solid waste management, inadequate maintenance of wastewater infrastructures, and rapid urbanization are hindering the achievement of these goals. For example, climate change causes sea level rise and more heavy rainfall, both of which can make flooding more likely and severe. Also, the poor urban planning observed in many parts of Lagos State is contributing to the deterioration of the physical environment and livability in many residential areas (Nnaemeka-Okeke, 2016). Similarly, the integrity and security of vulnerable human settlements are also threatened by climate-induced flooding. With flooding causing damage to infrastructure, interference with transportation systems, and displacing residents from their houses, achieving the 2030 goal of a sustainable city in Lagos State is difficult. Achieving SDG-13 is hinged on dealing with the underlying factors contributing to climate change, such as reducing greenhouse gas emissions, encouraging the use of sustainable energy, and safeguarding forests and other ecosystems.
Vulnerability to Flooding
Lagos State has been identified as one of the states most susceptible to flooding in Nigeria (Nkwunonwo et al., 2016). Between 1985 and 2014, the fluvial and coastal floods in the state impacted negatively on the economic activities of the people and their properties. The experience of flood in the urban context as well as gender interaction, environmental conditions and socio-economic status has been documented (Ajibade et al., 2013). Although, work by Adelekan (2010) and Etuonovbe (2011) suggested that floods disproportionately affect women. However, they failed to provide explicit reasons for such assertion. Ajibade et al. (2013) opined that if mediating factors of vulnerability and resilience are identified, then it became easy for policymakers to pinpoint empirical basis to select the most vulnerable women and children, and therefore can channel the adaptation efforts to where it is most crucial and needed.
Adelekan and Asiyanbi (2016) investigated the perception of residents from some flood-affected communities in Lagos State, by using different vulnerability and psychometric approach. On the other hand, sustainable approach was used by Olajide and Lawanson (2014) to investigate the livelihood and environmental vulnerabilities of low-income coastal communities in Lagos, Nigeria. Olajide and Lawanson (2014) further submitted that vulnerability of the city of Lagos to flood does not have a single factor. This suggests that tackling flooding in Lagos would involve a multi-dimensional approach with all stakeholders participating. For fisheries sector in the state, one of the notable reports on the effect of flood on fishing was made by Adeoti et al. (2010). Their findings revealed that flood had adverse effect on the fishing communities and cause them to lose 81% of their income. However, fisherfolks often employ coping strategies such as relocating temporarily to another fishing site or outrightly moving permanently to another site in order to safeguard their income (Adeoti et al., 2010). The effectiveness, short- and long term effects of this relocation has not been properly elucidated.
Resilience and Adaptation Strategies to Combat Flooding in Lagos State
Lagos State has made significant and continuous progress in combating flooding. The approach can be resilient or adaptive in orientation. Some of the adaptation techniques are enhancing water systems, stream clearing, de-clogging drainage channels, safeguarding shorelines, and preventing erosion. In addition, the state hosts the International Climate Change Summit each year since 2009 through the Ministry of the Environment and Water Resources to address climate change issues that pose a threat to human existence. Lagos State’s resilient strategies include 1) the establishment of Lagos State Emergency Management Agencies (LASEMA) by LASEMA Law 16 of 2008 for emergency and disaster management in the State, 2) capacity building in government ministries by employing more qualified professionals, 3) enhanced and continuous data collection and warehousing for prediction of extreme events, 4) infrastructural development such as building 69 km of concrete secondary storm water drainage to manage coastal flooding; construction of the “Great Wall of Lagos,” multiple shoreline protection projects; drainage of 100,000 ha of land, 5) discontinuation of physical development of areas prone to flooding and 6) partnership with organizations like the Rockefeller Foundation via programs like the 100 Resilient Cities (100RC).
Advanced Flood Risk Management Strategies
Effective flood risk management must involve the use of robust and scientific methods such as modelling, satellite technology and machine learning tools. Flood modelling is important for the development of flood risk management policies. Though at the moment, there is no perfect singular technique or model that has been adjudged capable of single-handedly capturing all the aspects of the hydrodynamics of flood at all locations. It is clear that the peculiarity of location affects flood and the nature of flood hazard usually inform the model to be used. The reviewed paper by Nura and Alison (2023) also opined that there is no single best approach for fitting probability distributions to model extreme flooding. Till date, different models have been used to predict the occurrence of flood and its intensity in Nigeria. While the map of vulnerability for Port Harcourt metropolis was generated via ArcGis 10.0 software (Akukwe and Ogbodo, 2015), the use of GIS techniques, remote sensing, satellite imagery, and shuttle radar topography mission have been used to identify flood-prone areas and flood vulnerability analysis in Nigeria (Njoku et al., 2013; Ojigi et al., 2013; Adewumi et al., 2016). Wizor and Week (2014) combined statistical analysis and geospatial techniques for modeling and mapping of flood that took place in Yenagoa, Bayelsa State, while simple mathematical flood models, e. g., reduced complexity models (RCM), and Cellular Automata (CA) etc., was used by Nkwunonwo et al. (2020) to simulate the historical event of flooding in Lagos. Adegboyega et al. (2018) combined GIS and the Hydrologic Engineering Centre-River Analysis System model to investigate flood vulnerability in Osogbo town of Osun State. On the other hand, Komolafe et al. (2020) developed flood hazard maps by combining three methods, namely; event-based flood simulation using the FLO-2D model, the HAND model, and GIS-based multi-criteria decision analysis.
Adeogun et al. (2014) used remote sensing and GIS techniques to define the catchment area of the Jebba Lake and employed Soil and Water Assessment Tool (SWAT) to model and predict the Lake’s upstream watershed flow. The upper Benue River basin floods were predicted by Izinyon and Ajumuka (2013) using three probability distributions, while Garba et al. (2013) utilised the generalised extreme value (GEV) for River Kaduna. Ologhadien (2021) also affirmed that GEV distribution was the best models for data series among the five distribution models that was used in the study. Studies have shown that across most nations of the world, flood monitoring in the last few decades has relied heavily on remote sensing technologies combined with geographic information systems (GIS). However, some of its drawbacks have been identified by Komolafe et al. (2015) and Echendu (2020). These include the occurrence of cloud cover during floods, which could impede the use of optical remote sensing; inadequate spatio-temporal imagery; and seasonal variations of weather properties, such as cloud cover in the rainy season, which makes the application of GIS more challenging than during the dry season. Additionally, while technological advancements in geospatial mapping and remote sensing have made it possible to effectively tackle this data dilemma, there are still significant financial obstacles to overcome due to the need for software, data processing skills, and the cost of airborne or space-borne data collection systems (Nkwunonwo et al., 2020). High resolution topographic data has frequently been replaced by widely accessible topographic data, such as the Shuttle Radar Topographic Mission (SRTM) and the Advanced Space-borne Thermal Emission and Reflection Radiometers Global Digital Elevation Models (ASTERGDEM) (DEFRA, 2013).
It is evinced that despite all the adopted models in Nigeria, the menace of flooding is yet to be properly curtailed. Therefore, the way forward to having effective prediction, proactive mitigation measures as well reliable flood vulnerability analysis in Nigeria, is to begin to embrace the combined use of hydrological modeling, extreme value distributions, remote sensing, CDT-based ensembles, and other approaches which have succeeded in other countries. Furthermore, multiple machine learning developed by Khosravi et al. (2018) and Pham et al. (2020), deep learning and MCDM techniques (Pradhan, 2010; Rahmati et al., 2020), CDT-based ensemble algorithms and Bayesian statistical methodology (Yang et al., 2023) should be used in synergy by all environmentalist and policymarkers in Nigeria as new approaches for investigating flooding and its consequences.
The following are suggested to control urban flooding in Lagos State:
Urban Planning and Design

i) Formulating and implementing policies and regulations for the development and management of wetlands, water plains, flood programs, and climate change activities within the State.
ii) Reviewing of the existing drainage master plans and flood control measures. Preparation of new plans, in conjunction with other relevant stakeholders, which will reflect the development orientation and growth in the city especially the flood-prone areas of the mainland and Island. The establishment of new and developing estates should follow due procedures.
iii) Liaising with local and international agencies and stakeholders in developing an appropriate and sustainable flood management framework for the city of Lagos.
iv) Exerting pressure on the Federal Government to pass into law the National Climate Change Commission Bill and take necessary steps to domesticate the same, when passed into law, in Lagos and Ogun States, where there is much inflow of water into Lagos.
v) Coordinating all drainage functions and developments across the state, especially within non-government scheme settlements.
vi) Review of developments along water channels and develop appropriate strategies to correct the anomaly with minimal loss to the settlers.
vii) Flood-proof structures. For areas with greater flood risk, some quick and relatively inexpensive things can be done to protect homes or businesses from flooding. These include elevating utilities, installation of “check valves” in sewer traps to prevent flood water back-ups, and constructing interior barriers to stop low-level floodwater from entering basements. Others include sealing walls in basements with waterproofing compounds to avoid seepage.
Urban Drainage System

i) Developing flood database and funding research on flood and climate change-related programs.
ii) Exploring all relevant technologies in tracking climate change, monitoring water levels, and developing reliable warning systems for the city. Though these technologies might not be enforceable in the already established part of the city, however, it can be fully incorporated into the new emerging plush neighborhoods. Coordinating dam operation with upstream and downstream dam owners. There should be confirmation if there is a contingency plan (back operations and emergency operations) procedure in place.
iii) Dams should be operated in a timely manner to reduce the risk of gate failure and/or damage.
Hydro-Metrological Risk Assessment

i) Management of the ecological fund, subventions, grants, and any other resources for the purpose of preventing and alleviating flood disasters.
ii) Following health and safety advice. Learning about the emergency supplies the state will need in case of flooding, enlightening the homeowners and the populace on identifying potential home hazards to avoid, and the flood evacuation route, as well as other steps they will need to take to protect themselves if flooding occurs.
CONCLUSION
Flooding in Lagos State is caused mostly by anthropogenic activities. Climate-induced sea level rise results in flooding especially in coastal states like Lagos. The impacts of flooding in Lagos State are displacement of persons, destruction of lives and properties, loss of livelihood, outbreak of disease and loss of lives. Environmental factors such as land-use change, wetland loss, population pressure, pollution and climate change worsens flooding in Lagos State. Flooding affects all forms of agricultural activities like fisheries and crop production, as well as the socio-economic lives of the coastal communities that depend on these livelihood options. Further implications include threat to food security and health of flood victims as flooding provides conducive environment for disease-causing organisms. The achievement of some of the sustainable development goals by 2030 is threatened by flooding even as the most vulnerable segment of the population to flooding are women and children. Lagos State has implemented resilient and adaptive strategies that have mitigated the impacts of flooding on Lagosians but more still needs to be done. Some of the areas that need to be addressed include mainstreaming effective management of extreme weather events in the planning and development of Lagos urban areas, proper drainage management, deployment of advanced weather forecasting equipment for prediction of hazardous weather conditions and prompt response by government agencies when such situation arises.
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