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        Abstract



        
          Introduction:


          Human activities exert great pressures on the environment which in turn cause environmental stresses of various intensities depending on the factors involved and the sensitivity of the receiving environment.

        


        
          Objective:


          This study examines the effects of anthropogenic activities along the sub-urban lagoon fragile coastal ecosystem using DPSIR framework.

        


        
          Results:


          The results show that the study area has undergone a tremendous change between 1964 and 2015 with the built up area increasing to about 1,080 ha (17.87%) in 2015 from 224 ha (1.32%) in 1964 at an average growth rate of 16.78ha per annum. The nature of the degradation includes an increasing fragility of the ecosystem through the emergence and expansion of wetlands, flooding and erosion as well as a reduction in the benefits from the ecosystem services. Population growth, between 2006 and 2015 for Ikorodu LGA, estimated at 8.84% per annum serves as the most important driving force in reducing the quality of the environment. This is in addition to Pressures emanating from anthropogenic activities. The state of the environment shows continuous resource exploitation (fishing and sand mining) with the impacts of the pressures coming from water pollution, bank erosion, biodiversity loss and flooding. Although there has been a strong policy formulation response from the government, weak implementation is a major challenge.

        


        
          Recommendation:


          The study recommends public awareness campaigns and the implementation of existing policies to ensure a sustainable sub-urban lagoon coastal environment..
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      1. BACKGROUND OF STUDY


      Human activities exert great pressures on the environment which in turn cause environmental stresses of Various intensities depending on the factors involved and the sensitivity of the receiving environment. For fragile and highly sensitive environments such as the Lagoon coast, the manifestation of the stresses in the form of environmental degradation is easily noticeable. Some 50% of the world’s population live close to the coast, within about 100km of the shore [1]. This figure, however, would have increased drastically owing to growth, migration and preference for the coastal environment. It therefore, means that about 3.5 billion people presently rely on the coastal ecosystem including the lagoon coast ecosystems, habitats and resources. These numbers of people also use the coastal areas as a dumping ground for sewage, garbage and toxic wastes. This proportion is expected to live along the growing urbanization, industrialization and transportation systems, putting even greater pressure not only on the physical environment but also on the social environment [2]. In Nigeria, about 26% of the population lives within 100 km of the coast while the population living in the coastal zone is 25% [3, 4]. Understanding the pressure on the coastal lagoon environment has to involve a critical assessment of its condition using Driving force, Pressure, State, Impact and Responses (DPSIR) analysis [5]. This also has to involve a consideration of both natural and anthropogenic factors that may have contributed to the current landscape. DPSIR can achieve this by using an integration of the social, economic and natural science information to understand the external forcing effects of the social and economic changes as well as the impacts of coastal resource systems on human welfare. DPSIR framework is a tool which models environmental processes in order to develop appropriate management responses. The framework evolved from the Pressure-State-Response (PSR) model which was originally developed by the Organization of Economic Co-operation and Development (OECD) in 1993, and further developed by the European Environmental Agency (EEA) in 1999 [6]. Since then, the DPSIR framework has been widely adopted in many environmental and coastal management studies [7]. Fig. (1) shows the basic elements of the DPSIR.


      [image: ]
Fig. (1)

      Elements of the DPSIR.

      Although there has been several criticisms against the DPSIR [8, 9] as a framework to analyse and understand pressure on the environment [10], have argued that the framework is a veritable tool when focus is put on the links between the nodes of DPSIR by applying specific socio-economic and natural science-based models to understanding the cause-effect dynamics. This is more pertinent to peri-urban coastal environments with lagoon formation hydro-geomorphic systems, especially, for integrated management purpose [11].


      The sub-urban Lagoon coastal environment of Lagos, Nigeria, like any other marine environment is not immune to the problems of environmental pressures. Although largely residential oriented, rapid urbanization and commercialization have resulted in most wetlands and forested land being converted to built-up areas. This gradual invasion of rural areas by metropolitan zones (notion of continuum) constantly brings the status and very existence of rurality into play [12-14]. Quantifying the rate of deforestation and identifying locations undergoing rapid change are key to understanding the driving forces and consequences for the Earth System [15]. Also, solid waste garbage, coastal erosion, high turbidity, sediment loads and other physical alterations from increasing anthropogenic activities are continuously contributing to the pressure on the ecosystem. The land use conversion is accompanied by an intense pressure from the small to medium scale industries, sand mining activities, commercial activities, and transportation activities etc. Consequently, the environment is facing a serious pressure from anthropogenic activities, which have resulted in the reduction of qualitative traditional ecosystem services such as fish catch, recreation and water supply that the local people traditionally enjoy. Furthermore, coastal erosion and flooding have become the common phenomena causing environmental degradation. These have had great consequences on people’s health, occasioned by the contamination of drinking water and solid waste generation [16, 17] as well as inadequate water supply in the area [18]. proposed the adoption of the agroenergy district concept where rural areas host the production, transportation and the conversion of local biomass into energy as the way to reduce environmental pressure in the rural areas. Frayssignes, (2011) further argued that the agroenergy district approach to rural development can improve food security, local self-reliance, sustainable agricultural management, biodiversity conservation, climate change mitigation and improved energy supply and security. The benefit of the agroenergy district can be optimized through Public-Private Partnerships (PPPs) [19]. However, the land use trajectory of the study area can no longer support the production of sufficient feedstock for agroenergy district venture.


      This study, therefore, examines the problems associated with environmental pressure by human footprint (anthropocene) along the Lagos lagoon coastal environment in the Ikorodu sub-urban settlement with a view to evaluate the historic trajectories of the land use change and analyse the drivers and pressures of the environmental degradation of the study area. The research hypothesis is formulated thus: “which factor is the most determining factor reducing the quality of the environment in the sub-urban lagoon coast of Ikorodu in Lagos, Nigeria”. This hypothesis will be determined by using driving force, pressure, state, impact and responses (DPSIR) analysis. Although the DPSIR analysis carried out in this study is limited by stakeholder influence [8, 20-22] and the cause-effect relationships approach of the framework between the latent variables factors (drivers, pressures, state, impacts and response) and their observed variables, these however, were dealt with by using robust environmental and socioeconomic dataset relating observed variables together to describe the state of the environment based on multiple pressures, that create multiple impacts [19, 8] and responses

    


    
      

      2. STUDY AREA


      The study area extends from about latitude 60 37’ to 60 45’ and longitude 30 30’ to 30 5’. The total land cover is about 275.85 km2 with about 25% made up of lagoon. The major communities in the area includes; Ikorodu. Ipakodo, Ijede, Imota, Gbogbo and Ibeshe. Politically, the study area is within Ikorodu Local Government Area (LGA) of Lagos State. It physiographic features can be classified into mangrove and alluvial zones. The mangrove is made up of sands, which is unconsolidated and porous, while the alluvial zone is made up of low line and sandy tracts with silt and sand. The vegetation cover is deltaic swamps; made up of swamps and riparian forest as well as deciduous forest, found towards the northern edge. The area is characterised by short coastal plain, and numerous streams and tributaries of the Ogun and Osun rivers. Elevation ranges from about 2m along the lagoon coast to about 50m above the mean sea level (amsl) towards the northern end. The climate is humid tropics with dry and wet seasons. The wet season normally starts from the month of March and ends in October while the dry season comes up between November and February.


      The occupations of the people include trading, farming and fishing. Other human activities in the area revolve around shopping complex, saw mill, brick and clay industry situated at Ibeshe and Igbogbo. Sand mining and other activities along its value chain of distribution are an important occupation that contributes significantly to the local economy of the area. The study area is accessible by both road and water (Lagos lagoon). In terms of development, however, the study area is a sub-urban or peri-urban area. In other words, it is a zone of transition from rural to urban land uses, located between the outer limits of the Lagos mega-city and the inland rural environment. The area encompasses both characteristics of the urban and rural world. As urbanization expands to the area in the last two decades, traditional activities are gradually declining while the green environment is being replaced by brown environment, placing pressures on the coastal Lagoon environment. Fig. (2) shows the location of the study area in Lagos State, Nigeria.


      [image: ]
Fig. (2)

      Ikorodu LGA in Lagos State.
    


    
      

      3. MATERIALS AND METHODS


      Fig. (3) shows the methodological framework employed for this study while Table 1 shows the spatial data sources. Non-spatial data were acquired through questionnaire administration, field observation and In-depth Interview (Table 2). The survey research adopted is the systematic sampling technique applied in three selected communities along the lagoon; Oreta, Ijede and Offin. The communities were selected based on their location along the Lagoon coastline, spatial efficiency along the urbanized coast of the lagoon, high level of economic activities, natural resource exploitation and direct receptor of coastal degradation. The questions in the survey covers demographic characteristics of the respondents (including but not limited to age, sex and education background), socio-economic parameters (including but not limited to income and occupation), ecosystem services (including but not limited to fishing, sand mining and housing) and economic indices of selected ecosystem services (fishing and sand mining). As shown in Table 2, the social survey sampling technique adopted in choosing the number of respondents was predicated on population density (stratified sampling) of the selected communities while questionnaire administration in these communities was random.


      [image: ]
Fig. (3)

      Methodological framework.

      
        Table 1 Spatial Data Sources and Characteristics.


        
          
            
              	S/N

              	Data Type

              	Date

              	Scale/Resolution/Number Administered

              	Sources
            

          

          
            
              	1

              	1a. Topographic map, Ijebu Ode S.W

              Sheet 280 S.W

              1b. Topographic map, Lagos N.E

              Sheet 279 N.E

              	1964

              	1:50,000

              	Federal Survey Dept, Lagos c/o Department of Geography, University of Lagos.
            


            
              	2

              	IKONOS satellite imagery

              	2000, 2015

              	1m

              	Department of Geography, University of Lagos
            


            
              	3

              	Questionnaire

              	2015

              	250

              	Field work
            

          
        


      


      
        Table 2 Social Survey Research Components.


        
          
            
              	Community

              	Survey

              	FGD

              	KII

              	Total
            

          

          
            
              	Oreta

              	100

              	1

              	2

              	103
            


            
              	Ijede

              	100

              	1

              	2

              	103
            


            
              	Offin

              	50

              	1

              	1

              	52
            


            
              	Total

              	250

              	3

              	5

              	258
            

          
        


      


      The sample size was complimented with Focus Group Discussion (FGD) and Key Informant Interviews to enrich and validate the quality of feedbacks from questionnaire. Communities that are the direct receptors of the degradation were specifically selected for questionnaire interview and the sample size chosen for these communities is sufficient and representative based on their population size.

    


    
      

      4. LAND USE TRAJECTORIES MODELLING OF IKORODU LGA


      Based on the knowledge of the researchers about the localities, reconnaissance survey, ancillary information from the 1964 topographic maps and additional information from key informants interview, a classification scheme after Odunuga et al (2011) hierarchical approach was developed for the land use interpretation. Five major classes were consequently identified at the primary level (level 1) while several classes were identified for each of the primary class at the secondary level (level 2). However, the mapping exercise was carried out at the primary levels due to the small area coverage of the study area. Table 3 shows the land use classification scheme. Area calculations of the land use / land cover (LU/LC) for the three scenarios (1964, 2000, and 2015) were carried out to determine the static land uses and land cover, analyse the direction of change (pressure) and determine the rate of change (impacts) on the biophysical resources of the environment. An overlay of the generated land use (1964-2015) was conducted. This provides information in matrix format on the specific point change detection procedure that generates the nature, location, and magnitude of changes [23].


      
        Table 3 Land Use and Land Cover Classification Scheme.


        
          
            
              	Code

              	Land Use/ Land Cover Categories

              	Mapping Unit Description
            

          

          
            
              	1

              	Built up area

              	All residential, commercial and industrial areas, transportation infrastructure and institutions.
            


            
              	2

              	Riparian forest

              	Mixed forest land, swamp, marsh, mangrove or natural vegetation
            


            
              	3

              	Water body

              	Lagoon, river, open water
            


            
              	4

              	Wetland

              	Coastal wetland, Swamp area
            


            
              	5

              	Farmland

              	Agricultural lands
            


            
              	6

              	Bare surface

              	Earth and sand land infillings, construction sites, open space, solid waste landfills and exposed soil.
            

          
        


      

    


    
      

      5. DRIVING-FORCE, PRESSURE, STATE, IMPACT AND RESPONSE (DPSIR) ANALYSIS


      A combination of the data generated from LULC and the questionnaire administration were modelled using the Factor Analysis (FA) to evaluate the state of the environment. The DPSIR approach was used in this analysis. Factor Analysis (FA) is a multivariate technique that integrates various variables of many drivers and pressures of the environment to establish their respective spatial relationship. The equation for the FA is given below:


      
        
          	[image: ]

          	(1)
        

      


      Where: a = no of variables, f = factor loadings which is constant, Y= variable with a known data and e1 is error term.


      Data were collected on relevant variables that cut across human population, socio-economic indices infrastructures development, human activities including small and medium scale industrial activities, extractive processes, land use, biodiversity issues and policy issues. Overall, forty five (45) variables were related together under the latent factors of; drivers, pressure, state, impact and response. The ‘drivers’ were defined as the underlying factors causing a variety of change. The ‘pressures’ are the variables that directly caused the changes in the initial wetland environment. The ‘state’ is a measure of the present physical conditions of the wetlands ecosystem; it identifies the current status and impacts resulting from these pressures. The ‘impacts’ describes the effect of changes especially as they affect the ecosystem services of the wetlands while the ‘response’ is defined as the measures devised by the stakeholders to proffer solution to the problems resulting from the changes in the ecosystem function. It includes the policies, plans or projects taken by the government to reduce the pressures and their negative impacts on the environment and the people. For each of the latent factors (DPSIR), the initial variables were extracted from the pool of observed variables using principal components by linear combination with maximum variance. The percentage (%) variability of the components was adopted in choosing the number of variables to retain for each of the latent factors while Orthogonal varimax approach (maximize squared loading variance across variables: sum over factors) (equation 1) was adopted in the FA rotation. Interpretation with orthogonal is simple because factors are independent while loadings are correlations. However, variables with positive PFA (Principal Factor Analysis) values close to 1 are considered as having significant but positive relationship with the environment. Variables with negative values close to 1 are considered as having significant but negative relationship with the environment. Significant in this context is the level of correlation depicted by the regression coefficients of PFA value.


      The flowchart for the DPSIR-factor analysis used for this study is shown in Fig. (4) and it has five major observed variables; (1) identifying and interpreting the drivers; (2) interpreting the pressures; (3) describing the state changes; (4) describing the impacts; and (5) reviewing the human response. The latent variables (factors) that exert causal influence on these observed variables are shown in the corresponding right side of Fig. (4). Drivers were derived from the population dynamics, the socioeconomic trends and the associated anthropogenic activities that have taken place over the previous years through land use change analysis (rate and trend). The factors that exert pressure that are considered include road development, industrial activities, fishing and sand mining. The state was described in terms of physical and biological wellness of the environment. The impacts considered were assessment of changes in the ecosystem services (ecological impacts) and socioeconomic impacts. The responses were extracted from the on-going policy implementations of both the Local and State governments. Fig. (4) shows the flowchart defining the DPSIR-FA latent variables and their major components.


      [image: ]
Fig. (4)

      Flowchart for the DPSIR PFA.
    


    
      

      6. ECONOMIC VALUATION OF SELECTED ECOSYSTEM SERVICES


      A comprehensive assessment of land uses was linked to a systematic environmental and economic analysis of the benefits they generate [24] by evaluating the economic benefits and services of fishing and artisanal sand mining in the lagoon and surrounding wetlands. The economic valuation of these ecosystem services was based on Direct Use Method (DUM) using the Market-Price Based approach. This approach estimates the economic value for ecosystem products and services that are bought and sold in commercial markets [25]. This, in other words, shows how these respond to the forces of demand and supply. The actual service produced by each of the chosen services (fishing and artisanal sand mining) was based on the annual income generated by the producers (Fishermen and sand mining merchants). The income (producer surplus) is calculated as the difference between the total revenues earned from the goods (fish and sand), and the total cost of production. This was calculated per kilogram (kg) for fish and per ton for sand in each of the three sampled locations (Oreta, Ijede and Offin). The average income (I) for the ecosystem service was the average derived from respondents (Table 2) in each of the locations.


      Equation 2 describes the economic benefit from the ecosystem services of the environment.


      
        
          	[image: ]

          	(2)
        

      


      y = annual income derived from ecosystem for particular services by location


      n = number of tons or kg derived in a year


      I = average income per ton or kg.


      The classification scheme used in the remote sensing technique and the socio-economics survey captured all underline factors (Natural and Socio-economics) that could contribute to environmental degradation of the study area. No environmental and socio-economic variable was ignored or over-weighted in its contribution to the problem under investigation. Therefore, the principal factors calculated in each component of the five DPSIR variables are reliable and reveal the situation in the study area.

    


    
      

      7. RESULTS AND DISCUSSIONS


      
        

        7.1. Static Urban Land Use / Land Cover Distribution


        Table 4 shows the static LULC over the three year scenarios (1964, 2000 and 2015) in the study area while Figs. (5 and 6) show the spatial distribution of LULC for 1964, and 2015 scenarios respectively.


        
          Table 4 LULC for 1964, 2000 and 2015.


          
            
              
                	Land Use / Land

                Cover

                	1964

                	2000

                	2015
              


              
                	

                	Area in Hectare

                	Area in %

                	Area in Hectare

                	Area in %

                	Area in Hectare

                	Area in %
              

            

            
              
                	Water body

                	4104

                	24.16

                	1614

                	9.5

                	1599

                	9.41
              


              
                	Built-up area

                	224

                	1.32

                	1080

                	6.36

                	3035

                	17.87
              


              
                	Riparian Forest

                	12657

                	74.52

                	4667

                	27.47

                	3461

                	20.38
              


              
                	Wetland

                	0

                	0.00

                	1182

                	6.96

                	7770

                	45.75
              


              
                	Farmland

                	0

                	0.00

                	5427

                	31.95

                	466

                	2.74
              


              
                	Bare surface

                	0

                	0.00

                	3015

                	17.76

                	654

                	3.85
              


              
                	Total

                	16985

                	100

                	16985

                	100

                	16985

                	100.00
              

            
          


        


        Riparian forest was the dominant land cover in 1964 and occupied about 74.52% of the study area. In fact, all areas that were latter exposed and regarded as wetland by year 2000 were actually under riparian forest as at 1964. The presence of a large expanse of forested land at this period (1964) can be attributed to less socio-economic activity, low productivities, dominance of primary activities and low population. Socio-economic activities were traditional, while hunting and subsistence farming where the major occupations at this period. This agrees with [14] which describes earlier settlers of most parts of the globe as hunter-gatherers who had few advantages in the hunt, other than their social organisation and technological inventiveness. However, the riparian forest decreased from 12657 ha in 1964 at an average annual rate of 170.30 ha to 3461 ha in 2015 while the built up area increased to about 1,080 ha (17.87%) in 2015 from 224 ha (1.32%) in 1964 with an average annual growth rate of 16.78ha per annum. This trend agrees with [26] which identifies a decreasing trend in the wetland changes in the sub-urban areas of Lagos and attributed the decreases to urban development pressures. Fig. (4) depicts the spatial distribution of the land use/ land cover in 2015. Also, the emergence of the wetland ecosystem from the riparian forest in the 80s and 90s as a result of the removal of the canopy forest is a manifestation of a sustained increase in human activities and the utilization of the forest resources with little or no effort to replace the destroyed trees. By 2015, the wetland ecosystems occupied about 7770 ha (45.75%) of the study area acquiring its total area extent from the riparian forest losses. Further developmental activities are also putting pressure on the wetlands [23].


        [image: ]
Fig. (5)

        Land use/land cover Distribution (1964).

        [image: ]
Fig. (6)

        Land Use / Land Cover Distribution (2015).

        Fig. (7) is an overlay map showing the specific location of change of land cover in the study area. Table 5 describes the nature of the land use and land cover change for 1964-2015. The figures, along the diagonals of the table, represent the areas where no change has taken place, thus showing the relative stability of those classes. Figures along the rows (excluding those along the diagonal) represent losses to land use / land cover classes (Pressure; housing, roads, industries and wetland conversion) and those along the columns are gains to land use / land cover (state; resource exploitation and land degradation) and (Impact; water pollution and flooding). Overall, the direction of land cover change in the study area shows a reduction in the forest cover. However, deforestation, land cover and land use changes have been identified to have negatively impacted the ecosystem’s services to the human community, thus threatening food, water, and energy security [27-31]


        [image: ]
Fig. (7)

        Overlay Land use/Land cover distribution (1964 - 2015).

        
          Table 5 Land use and cover change matrix of sub-urban lagoon coastal environment.


          
            
              
                	LULC

                	Water Body

                	Built-up Area

                	Riparian Forest

                	Wetland

                	Farmland

                	Bare Surface

                	Total 1964
              

            

            
              
                	Water body

                	1599

                	2505

                	-

                	-

                	-

                	-

                	4104
              


              
                	Built-up area

                	-

                	224

                	-

                	-

                	-

                	-

                	224
              


              
                	Riparian Forest

                	-

                	306

                	3461

                	7770

                	466

                	654

                	12657
              


              
                	Wetland

                	-

                	-

                	-

                	0

                	-

                	-

                	0
              


              
                	Farmland

                	-

                	-

                	-

                	-

                	0

                	-

                	0
              


              
                	Bare surface

                	-

                	-

                	-

                	-

                	-

                	0

                	0
              


              
                	Total 2015

                	1599

                	3035

                	3461

                	7770

                	466

                	654

                	16985
              

            
          


        

      

    


    
      

      8. ENVIRONMENTAL DEGRADATION USING DPSIR ANALYSIS


      
        

        8.1. Drivers of Change in the Environment


        Table 6 shows that rapid growth of human population and economic development are significant drivers of change in the sub-urban Lagoon Coastal environment of Ikorodu, Lagos. Human population and economic activities also significantly have stronger influence among other variables with PFA values of 0.693 and 0.542 (component 1) respectively. The PFA is like the standardized regression coefficients, therefore, the variables, human population and economic activities have a correlation of 0.69 and 0.54 respectively. They are, however, considered to have a strong positive association with environmental degradation under driving force factor. The values also suggest that the human population variable has more impact as a driving force in causing degradation than the economic activities in the sub urban lagoon coastal environment of Ikorodu in Lagos.


        
          Table 6 Principal Factor Matrix of Drivers on change.


          
            
              
                	

                	Components
              

            

            
              
                	Variables

                	1

                	2

                	3
              


              
                	Human population

                	0.693

                	0.419

                	0.277
              


              
                	Economic activities

                	0.542

                	0.218

                	-0.039
              


              
                	Transportation

                	-0.087

                	0.423

                	-0.649
              


              
                	Agriculture

                	0.103

                	-0.276

                	0.165
              


              
                	Technology

                	-0.614

                	0.473

                	0.284
              


              
                	Urbanization

                	-0.533

                	0.132

                	0.153
              


              
                	Institution

                	-0.056

                	-0.307

                	-0.188
              

            
          


        


        As human population increased, human needs, demand as well as supply increased, thereby encouraging a faster growth of economic activities within the area. With the increasing levels of anthropogenic activities, therefore, other subsistence based economic developments were giving way to increased commercialization while the rates of in-migration were accelerating. For instance, the population growth rate of Ikorodu LGA between 1991 and 2006 was put at 4.33% per annum with a population density of 7,207 persons/km2 in 2006 [32]. However, the estimated population growth rate of the same LGA between 2006 and 2015 was put at 8.84% per annum [33]. This has led to a rapid urbanization, an increase in built up areas as shown in Table 4 and general loss of riparian forest. Expectedly, all of this has contributed to have negative impacts on the environment [34] as they led to changes in landscape patterns, ecosystem functions and their capacity to perform various functions in support of increasing human populations [27].


        Similarly, transportation, technology and urbanization revealed strong negative parameter with PFA value of -0.649 (component 3), -0.614 and -0.533(component 1) respectively. This implies that the variables are important drivers of change in the study area, but are, however, latent and passive players as drivers of the environmental change.

      


      
        

        8.2. Pressures on the Environment


        Increase in human population and economic activities increased the need for fishing, small scale industries and sand mining activities. These are significant activities that currently exert pressures on the sub urban coastal environment of Lagos. Indeed, they exhibit strong and significant PFA values of 0.950, 0.894 and 0.767 (Component 1) respectively as shown in Table 5. Population growth exerts greater pressure on the natural resource utilization, production and consumption pattern in many ways. As people settled along the sub-urban Lagoon Coast, the need for the exploitation of the available coastal resources became imperative. Sand mining and fishing became the major occupation of the people who had little or no idea about its consequences to both the resource and the environment [35]. The need for transportation necessitated the need for road construction and expansion as exemplified by a PFA value of 0.760 (Component 2) for road (Table 7). Consequently, road construction has significantly altered the landscape as more land have been consumed for road expansion. It has also served as a source of air pollution, increased runoff, reduced infiltration and contributed in several other ways to exert pressure on the fragile coastal ecosystem. More crucial is that, fishing activities have a strong positive PFA value of 0.95 and therefore, exert the greatest active pressure on the sub-urban Lagoon Coastal resources in the study area. This is in line with the findings of [36], which revealed that there has been a decline in the quantity of different species of fish caught over the years in the System I Drainage Area of Lagos which is connected to the Lagos lagoon through Ogudu Creeks.


        
          Table 7 Principal Factor Matrix of Pressures on the Environment


          
            
              
                	-

                	Components
              

            

            
              
                	Variables

                	1

                	2

                	3

                	4
              


              
                	Housing

                	-0.533

                	0.453

                	0.070

                	-0.133
              


              
                	Road

                	0.027

                	0.760

                	0.543

                	0.226
              


              
                	Industry

                	0.894

                	0.002

                	0.221

                	-0.389
              


              
                	Sand mining

                	0.767

                	-0.071

                	0.006

                	0.063
              


              
                	Fishing

                	0.950

                	0.076

                	0.079

                	0.226
              


              
                	Waste disposal

                	-0.064

                	-0.022

                	0.253

                	-0.490
              


              
                	Wetland conversion

                	-0.034

                	0.250

                	-0.038

                	-0.300
              


              
                	Floating houses

                	0.338

                	0.614

                	-0.706

                	-0.095
              

            
          


        


        Among the parameters evaluated, floating houses have strong negative PFA value of -0.706. This constitutes the most significant latent and passive variable exerting pressure and causing the degradation of the sub urban lagoon coast of Ikorodu in Lagos. Other parameters have very little influence in exerting pressure on the environment.

      


      
        

        8.3. State of the Environment


        The present state of the sub-urban Lagoon Coast of Ikorodu in Lagos is dominated by resource exploitation as exemplified in sand mining, fishing and conversion of riparian forest / wetlands to built-up area for residential and other purposes. Table 8 shows resource exploitation with a strong positive PFA value of 0.735 (Component 1). Land degradation also shows a strong negative PFA value of -0.714, indicating a negative and much degraded environment that is battling with many environmental challenges such as flooding and erosion, poor drainage, bad roads and generally low quality unplanned environment.


        
          Table 8 Principal Factor Matrix for State of Environment.


          
            
              
                	-

                	Components
              

            

            
              
                	Variables

                	F1

                	F2
              


              
                	Resource exploitation

                	0.735

                	0.244
              


              
                	Land Degradation

                	-0.714

                	0.033
              


              
                	Available water

                	0.050

                	-0.346
              


              
                	Waste pollution

                	0.086

                	-0.069
              


              
                	Global warming

                	-0.274

                	0.484
              

            
          


        


        Overfishing and excessive fishing have the potential to modify the ecosystem and may alter or affect the target source, species composition and biodiversity [36]. This may further lead to a progressive reduction in the food chain owing to a reduction in the biomass of fishery below the desired levels of maximum sustainability or economic yields. Also, the biotic integrity of the aquatic ecosystem within the wetlands and the lagoon is regrettably being threatened by different anthropogenic activities, especially by domestic waste and sewage from the densely populated lagoon coastal environment. Artisanal sand mining occurs concurrently with fishing in the area and this further constituted a major disturbance to the biotic integrity of the lagoon and the wetlands. Thus, the negative impact of sand mining far outweighs the economics and environmental benefits. When sand are removed with or without using heavy machinery, erosion capacity increases and this might constitute a further environmental threat; a situation which is already manifesting in the study area. Other variables like land degradation shows a strong negative relationship with PFA value of -0.714. Global warming exhibits a positive PFA value at component 2, which reveals some level of temperature response to losses, recorded in vegetation cover over the last 50 years. But this is not as strong as expected probably owing to the cooling effect of the lagoon and other water bodies. In conclusion, using PFA, the DPSIR analysis shows that resource exploitation is the most significant activity exacerbating the current state of the sub-urban Lagoon Coast of Ikorodu in Lagos. The resources being exploited include; fish, sand and forest resources.

      


      
        

        8.4. Impacts on the Environment


        The significant environmental impacts on the study area include bank erosion (PFA value of 0.715 at component 1) which has been accelerated by sand mining, biodiversity loss (PFA value of 0.760 at component 1) which has also been on the increase through deforestation and indiscriminate/uncontrolled fishing in the lagoon. Generally, the results show that environmental change has manifested in many ways, and as already identified, has led to frequent extreme flooding incidents (PFA value of 0.626 at component 2), damage to goods and properties especially by flood and losses to both tangible and intangible human values, including loss of valuable times [37]. Table 9 shows the matrix for the PFA values of impacts on the environment.


        
          Table 9 Principal Factor Matrix of Impact on the Environment.


          
            
              
                	-

                	Components
              

            

            
              
                	Variables

                	1

                	2

                	3
              


              
                	Water pollution

                	-0.051

                	0.793

                	-0.126
              


              
                	Flooding

                	0.151

                	0.626

                	0.023
              


              
                	Bank erosion

                	0.715

                	0.053

                	0.181
              


              
                	Biodiversity loss

                	0.760

                	-0.301

                	-0.093
              


              
                	Health hazard

                	0.833

                	0.275

                	0.058
              


              
                	Other effects

                	0.323

                	0.165

                	-0.126
              

            
          


        


        Also, the frequency of flood (coastal, river and flash) has been on the increase even though the losses from annual flood events are yet to be estimated. Health hazard, as exemplified in lack of health facilities to cater for the growing population, have become challenges in the area. Besides, pollution of the environment, especially the coastal water, indiscriminate dump of waste in the lagoon have caused damages to the environment. The results show that health hazard has PFA of 0.833 (Table 9) and therefore, posed a great risk to the increasing population of the sub-urban Lagoon Coast of Ikorodu in Lagos.

      


      
        

        8.5. Response of Human Society to the Environmental Changes


        The result from the analysis of human response to the environmental changes (Table 10) shows that the responses to various environmental pressure and threats have not been proactive and well-coordinated to eliminate the negative consequences and maximize the benefits in a sustainable way. For instance, the result of the overlay analysis on the LU/LC shows an increase in the urban trends with increase in population. Consequently, how the study area is governed and what provisions are made to serve the expanding population have very significant implications for economic and social development, and also for environmental quality and stability [38]. Although policy making has a medium positive correlation value, the implementation of policy output has been very weak.


        
          Table 10 Principal Factor Matrix of Human response.


          
            
              
                	-

                	Components
              

            

            
              
                	Variables

                	1

                	2
              


              
                	Policy making

                	0.473

                	0.001
              


              
                	Conservation

                	0.384

                	0.118
              


              
                	Economic valuation

                	0.095

                	0.252
              


              
                	Improved information

                	-0.423

                	0.165
              

            
          


        


        There is a link between this and community perception of the situation. Members of the community assumed that there is need for local regulations to guide the affairs of the population in the community. However, there are state agencies that control theses affairs presently and they include the Lagos State Waste Management Authority, the Lagos State Environmental Protection Agency, the Lagos Sate Water Corporation and the Federal Erosion and Flood Control Policy. Several regulations have also been put in place by the Local Government Authority, to cater for the environment, especially the coastal environment. These bodies / agencies are established to reduce conflicts and increase the socio-economic benefits obtained from the ecosystem services while also sustaining the resource base and ecosystem functions. However, enforcement and implementation of the regulations and guidelines have been the major challenge for these agencies. For instance, the federal and state governments that have the capacity for real time enforcement are too far away from the local people while their presence is mostly felt in the state capitals. Also, the suburb and the interior rural areas are often neglected in the implementation of programmes and dissemination of information. The poor service delivery on the part of the government can be redressed through the strengthening of civil society and Non-Governmental Organisations (NGOs). In Nigeria, the civil society and non-governmental organisations activities have been found to be effective [39]. They are highly flexible and have access to the people at the grass-roots level. In addition, their sustained advocacy has made governments to address critical needs and gaps in the environment, health, education and other sectors. However, they should act as strategic partners for reforms and result-oriented government agencies to eliminate the negative consequences of sub-urban coastal development while maximizing the benefits of sustainable development and coastal ecosystem services.

      

    


    
      

      9. ECOSYSTEM SERVICES


      
        

        9.1. Fish Catch Valuation


        An ecosystem assessment on fishing as a major ecosystem service of the lagoon and the wetlands shows that the income accruable to the individual fisherman varies by location along the coastline (Table 11). It also shows that the average annual income derived from fishing per fisherman between 2010 and 2014 is about $1521.68. Although, fishery in the area has been evolving upwards as new members of fishermen continued to join in recent years, declining fish catches have also been reported. This agrees with the results of the DPSIR under pressure with PFA value 0.950 fishing. This shows that fishing activity is one of the activities exerting pressure on the sub-urban Lagoon Coastal ecosystem of Lagos. The implication of this is that the resource exploitation from the wetlands and lagoon formations of the sub-urban environments of Lagos especially in Ikorodu in terms of fishery is higher than the replenishment rate. If this continues, the fishermen will soon be out of business and this may create serious socio-economic crisis for this group. To mitigate this potential problem, there is a need for an urgent re-orientation and retraining of the fishermen to engage in fish farming, utilizing the comparative advantages of the wetlands. This will increase the income of the local fishermen as well as enhance their capacity without necessarily changing their trade. Although, aquaculture is well known to be a contributor to the increasing level of organic waste and toxic compounds in the environment causing considerable economic loss [40], its problems can be addressed using the appropriate waste treatment processes based on the site [41]. However, the environmental deteriorating impact of fish farming, including toxic effluent from fish ponds, will have to be addressed through an integrated aquaculture system [41] and zero waste approach where the Biomaterial from fish farms can be periodically dredged and used as fertilizer in the production of local crops before they become heavily toxic. Also the fish waste can be converted to poultry feeds while the poultry drops in turn can be converted to fish feeds. For instance [41-43], have noted that by integrating fed mariculture (fish and shrimp) with inorganic and organic extractive mariculture (seaweed and filter feeding bivalve), the wastes of one resource consumer could become a resource (fertilizer or food) for others in the system. Such a balanced ecosystem approach would provide the nutrient bioremediation capacity, mutual benefits to co-cultured organisms, and economic diversification by producing other value-added profitable products [42].


        
          Table 11 Average Annual Income from Fishing per Fisherman (2010-2014).


          
            
              
                	Location

                	Average Income per kg ($)

                	Average Annual Produce (catch in kg)

                	Average Annual Income ($)
              

            

            
              
                	Oreta

                	1.05

                	1092

                	1149.47
              


              
                	Ijede

                	1.26

                	1664

                	2101.89
              


              
                	Offin

                	1.05

                	1248

                	1313.68
              

            
          


        

      


      
        

        9.2. Sand Mining Evaluation


        Sand mining contributes significantly to the micro-economies of the study area and its immediate environment. During the period evaluated, the average annual sand mining contribution to direct cash flow was about $ 68,489.47 for Ijede, $17447.37 for Oreta and $ 4926.32 for Offin (Table 12). These indeed are significant but the bulk of the income goes to individual hands along the value chain from the extraction to utilization stage. Those involved in the activities hardly pay the value added taxes on the product and services they render and if at all they pay, the taxes are not properly valued. These thus, agree with the results of the DPSIR under response of human society to the environmental changes, which identifies a weak implementation of policy output. Also, as identified under pressures analysis of the DPSIR, sand mining recorded a PFA value of 0.767 (component 1) indicating a variable that exert great pressure, thereby, contributing significantly to the degradation of the sub-urban lagoon coastal environment of Lagos. The impacts of this activity as exemplified through an impact analysis of DPSIR, includes amongst others; bank erosion with a PFA value of 0.715 (component 1) and biodiversity loss with a PFA value of 0.760 (component 1). The overall analysis of the artisanal sand mining activities along the sub-urban communities of Lagos lagoon system reveals that, the activity derives much benefit from the lagoon ecosystem [44].


        
          Table 12 Economic valuation of sand mining per location (2010-2014).


          
            
              
                	Location

                	Average Income Per ton ($)

                	Average Annual Produce (ton)

                	Average Annual Income ($)
              

            

            
              
                	Oreta

                	3.95

                	4420

                	17447.37
              


              
                	Ijede

                	3.76

                	18200

                	68489.47
              


              
                	Offin

                	3.79

                	1300

                	4926.32
              

            
          


        

      


      
        

        9.3. Integrated Assessment of the Environmental Changes


        Based on the earlier analysis of the environmental changes from human drivers, pressures, state, impacts and human responses, a set of comprehensive indicators were deduced for the integrated DPIRS assessment. The indicators encompass two driver indicators, four pressure indicators, two state indicators, eight impact indicators and two response indicators (Fig. 8).


        [image: ]
Fig. (8)

        DPSIR Assessment of sub-urban Lagoon coastline of Lagos, Nigeria.

        The pressures indicators express the external disturbances to the environment and ecosystem, and the larger they are, the more harmful their influence and impact on the state of the environment [45]. On the contrary, the responses indicators express the positive feedback from human society, and the larger they are, the better the influence and impact on the state of the environment [45]. It can be concluded therefore, that between 1964 and 2015 the drivers of degradation in the study area which include human population growth and developmental activities have increased over time. Fisheries, sand mining and small scale industrial activities including block making and bakery have directly caused the changes in the environmental state of the study area in terms of resource exploitation and land degradation. Furthermore, they have led to both negative and positive impacts; where the negative impacts on the socio-economic and environmental aesthetics of the communities include water pollution, flooding, and bank erosion etc.


        Specifically, the period between 1980 and 2015 witnessed a high population growth rate, rapid increase in housing stock and unprecedented urban sprawl with little or no planning control. These growths, however, reflects Nigeria’s economic growth, as seen in the nation’s Gross Domestic Product (GDP) which increased from an average of 100 billion USD in the 90s to 568.5 billion USD in 2014. It is also interesting to note that the period between 1999 and 2015 witnessed political stability in the country. The economic growth and political stability have jointly contributed to the rapid growth in the urban and sub-urban environments of the country. However, the consequences of weak implementation of policies and programmes identified by the DPSIR analysis in this study are signified by a degraded sub-urban lagoon coastal environment where flooding, coastal erosion, reduced ecosystem services and continuous exploitation of the coastal resources are the order of the day. On the whole, the state of the environment, with special reference to the sub-urban lagoon coastal systems of Lagos, is getting worse owing to the uncoordinated developmental activities and unrestricted resource exploitations. Although, some efforts to reverse the situation through the provision of infrastructures such as the modern jetty at Ebute-Ikorodu and the construction of inner roads have been put in place, these have not however, yielded the needed results that could transform the fragile lagoon coastal environment of Ikorodu in Lagos into a global classical waterfront area.


        On the most determining factor reducing the quality of environment in the sub-urban lagoon coast of Ikorodu in Lagos, Nigeria, as stated by the working hypothesis, Table 13 shows the significant factors which determine the quality of the environment based on each segment of DPIRS assessment.


        
          Table 13 Determining Factors Reducing the Quality of Environment.


          
            
              
                	S/N

                	DPSIR

                	Determining Factor

                	Positive PFA

                	Determining Factor

                	Negative PFA
              

            

            
              
                	1

                	Driver of Change

                	Human Population

                	0.693

                	Transportation

                	-0.649
              


              
                	2

                	Pressure on Environment

                	Fishing

                	0.950

                	Floating houses

                	-0.706
              


              
                	3

                	State of the Environment

                	Resources Exploitation

                	0.735

                	Land Degradation

                	-0.714
              


              
                	4

                	Impact on Environment

                	Health Hazard

                	0.833

                	Biodiversity Loss

                	-0.301
              


              
                	5

                	Response of Human Society

                	Policy Making

                	0.473

                	Improved Information

                	-0.423
              

            
          


        

      

    


    
      CONCLUSION


      The trajectories of land use change in the sub urban lagoon coastal environment of Ikorodu in Lagos using remote sensing technique shows a steady and continuous decrease in the riparian forest. This decrease owes largely to urbanization, forest resource exploitation and other human developmental activities. Also, the emergence and decreasing trend in wetland resources [23]. have created additional pressures on the area causing environmental degradation and reducing ecosystem services of the coastal environment. Drivers, Pressures, State, Impact and Response Indicators showed that pressures from human population and economic development have increased over time [44]. and as demonstrated in the land use analysis in this study, the continuous loss of the critical components of the environment such as the forest is a steady one. Resource exploitation, waste and water pollution have directly caused the degradation of the environment in both physical and biological aspects, which have consequently led to much negative ecological and socio economic impacts. Also, pressure from fishing and housing including floating houses have also caused serious damages to environment and the ecosystem. However, urbanization, deforestation, fishing, sand mining, transportation, housing, resources exploitation and land degradation have direct strong association with population. Consequently, the most determining factor reducing the quality of the environment in the sub-urban lagoon coast of Ikorodu in Lagos, Nigeria is the human population, which is on the increase in the study area. However, serious human effort to protect the environment through policy formulations amongst which include the continuous updating of the regional master plan of Lagos State have not yielded positive results. Consequent upon this, continuous data collection, analysis, interpretation and updating of data concerning environmental issues in the sub-urban lagoon coastal areas are required to curtail the possibility of the area transforming into a despicable city slum. Public awareness campaign about the environmental degradation issues identified in this study should be encouraged while strengthening the implementation of existing policies. Local communities should be involved in the planning and management of intervention projects so as to reduce resource exploitation, safeguard coastal areas and human well-being. All these, will ensure a sustainable sub-urban lagoon coastal environment of Lagos.
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