


A Temporal Assessment of The Effects of Land Use on Land Cover in Ezza South Local Government Area of Ebonyi State

ABSTRACT
Land use and vegetation in Ezza South, Nigeria have changed significantly due to population growth, agricultural expansion, urbanization, and deforestation, leading to conversion of forests into farmland and settlements. These changes have caused biodiversity loss and environmental problems such as erosion, flooding, desertification, and reduced ecosystem stability. This study examines the spatiotemporal dynamics of land use and vegetation change in Ezza South Local Government Area (LGA), Ebonyi State, Nigeria, between 2000 and 2024 using geospatial techniques. Multi-temporal satellite imagery from the Sentinel-2 (Google Dynamic World dataset) and Landsat archives was analyzed within the Google Earth Engine (GEE) platform to generate Land Use/Land Cover (LULC) maps and assess long-term vegetation health through the Normalized Difference Vegetation Index (NDVI). The results reveal significant landscape transformation characterized by extensive deforestation, rapid agricultural expansion, and increasing urbanization. Forest cover declined sharply, largely converted to farmland, while built-up areas expanded steadily in response to population growth and socio-economic pressures. NDVI trends showed strong seasonal variability but no long-term greening, underscoring the stress on vegetation health and ecological stability. The findings highlight the critical role of anthropogenic drivers such as agriculture, urbanization, and mining in shaping environmental change. This research contributes timely spatial evidence for policymakers, land managers, and environmental agencies, emphasizing the need for sustainable land management, reforestation, and integrated urban planning to mitigate further degradation and ensure ecological resilience in Ezza South.
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1.0   INTRODUCTION
      Land use and vegetation change are key indicators of the environmental and socio-economic health of a region. Land use refers to the ways in which land is employed for different purposes. Land is a ﬁnite natural resource that supports life on Earth, and its conservation and efﬁcient utilization is vital. Vegetation changes act as a driver for changing habitat and cause disturbance in ecosystem conditions and performance (Gebrehiwot, Tola, 2023). forest cover change is an inescapable occurrence worldwide (Igu et. al, 2021). However, rapid population growth and expanding global economic activities are significantly increasing the demand for land resources, thereby altering the dynamics of land use (Adepoju et al. 2025). As a consequence of land-use change and habitat loss, global vegetation patterns have undergone substantial transformation over the past 18,000 years (Mottl et al. 2021; Li et al. 2022). In many developing countries, including Nigeria, vegetation cover is often treated as an open-access resource (Osemeobo 1991), thereby increasing the likelihood of overexploitation with limited consideration for the needs of future generations (Klee et al. 2000; Hula 2010; Kankara 2013). Furthermore, plant diversity within Nigeria’s dry forests has declined considerably. These forests constitute important sources of fruit, food, and medicinal resources, yet they remain increasingly vulnerable to the impacts of climate change (Abdulhakim et al. 2017). It involves human activities and practices that take place on a particular area of land, encompassing various purposes such as residential, commercial, industrial, agricultural, recreational, or conservation activities (Duru et. al, 2024) In Ezza South Local Government Area (LGA) of Ebonyi State, Nigeria, these patterns have undergone significant changes over the years, driven by factors such as population growth, agricultural expansion, urbanization, and deforestation. Ezza South, which is predominantly rural, relies heavily on agriculture as the primary source of livelihood, with crops such as yam, cassava, and maize being cultivated. 
       Ezza South Local Government Area (LGA) in Ebonyi State, Nigeria, has experienced significant changes in land use and vegetation patterns over the years. These changes are primarily driven by human activities, such as agricultural expansion, urbanization, and deforestation as the population in the area grows, there is increasing pressure on the land for farming, settlement, and infrastructure development, which often leads to the conversion of forested areas into cultivated land or urban spaces.  Humans have been altering land for food and essential resources for millennia, the extent of land use has escalated significantly since the early 20th century (Mondal & Zhang, 2018). These alterations have been extensive, resulting in an increase of agricultural land, human population, economic production, energy consumption, and an increase in carbon dioxide emissions (Olorunfemi et al. 2020).  The main course of vegetation changes in Ezza South of Ebonyi state is deforestation. As the population grows, there is a rising demand for agricultural land, leading to the clearing of forests for farming.  This practice, while economically beneficial in the short term, has long-term consequences such as biodiversity loss serious environmental concern such as pollution, desertification, erosion, drought and flooding etc, has been linked to deforestation and industrial activities (Olowoyeye, 2021).  
       Land use refers to the various ways in which human beings utilize the land and its resources, including agriculture, settlement, infrastructure, and industrial development. Vegetation, on the other hand, encompasses the plant life or flora found in a particular area. It plays a vital role in ecological balance by supporting biodiversity, regulating the water cycle, controlling erosion, and contributing to carbon sequestration (FAO, 2010). When land use changes - through activities such as farming, construction, deforestation, or mining, it often leads to corresponding changes in vegetation patterns and coverage. Unlike land cover, which includes all physical features on the Earth's surface (such as water bodies, bare soil, and buildings), vegetation is a biological and ecological component that is directly influenced by how land is used. For instance, the expansion of farmlands or urban settlements often leads to the clearance of forested areas, grasslands, or other vegetated surfaces, resulting in vegetation loss or alteration. In areas like Ezza South, changes in land use practices over time whether due to population growth, agricultural pressure, or infrastructural development have likely led to noticeable shifts in the quantity and quality of vegetation. The study of land use and vegetation change is essential for understanding environmental degradation, habitat loss, and climate variability at the local level. Vegetation acts as a natural buffer against climate extremes and soil erosion, but when altered due to unsustainable land use practices, it can contribute to flooding, desertification, and loss of ecosystem services (Jimoh et al., 2012). Therefore, monitoring vegetation change is crucial for assessing the environmental impacts of human activities and guiding land management policies. Remote sensing has become a powerful tool for tracking land use and vegetation change over time. Through satellite imagery analysis, researchers are able to detect spatial and temporal changes in vegetation cover, assess the extent of human influence, and identify critical areas in need of conservation or restoration. This method is particularly useful in regions like Ezza South, where consistent field observation over extended periods may not be feasible. Remote sensing provides both a visual and quantitative basis for evaluating vegetation trends resulting from human land use decisions (Makinde & Badejo, 2015). By focusing on vegetation rather than broader land cover categories, this study aligns more closely with ecological realities and management concerns. It emphasizes the importance of preserving natural vegetation amidst growing anthropogenic pressures and highlights the need for sustainable land use planning.
      Vegetation is a fundamental component of terrestrial ecosystems, providing essential ecosystem services such as carbon sequestration, biodiversity support, climate regulation, and protection of soil and water resources (FAO, 2010; Van der Werf et al., 2009). Forests, wetlands, grasslands, and other vegetative ecosystems serve as buffers against natural hazards and contribute to environmental stability at global and regional levels. Vegetation also plays a crucial role in the hydrological cycle by enhancing water infiltration, reducing surface runoff, and maintaining groundwater recharge. It helps regulate microclimates by providing shade, reducing temperature fluctuations, and enhancing evapotranspiration (Jimoh et. al, 2012). Moreover, vegetation provides vital habitats for various species, contributing to the preservation of biodiversity and ecological balance. However, in recent decades, there has been a dramatic decline in global vegetation cover, primarily due to human activities like agricultural expansion, deforestation, infrastructure development, and urbanization. Ellis (2011) noted that over 75% of the Earth's terrestrial biosphere has been altered by human actions, leading to the emergence of "anthropogenic biomes” landscapes dominated by human infrastructure and managed ecosystems. This transition has resulted in widespread ecological stress, habitat loss, and disruption of natural processes. The loss of vegetation, particularly through deforestation, significantly contributes to climate change by releasing stored carbon dioxide into the atmosphere. Van der Werf et al. (2009) highlighted that emissions from vegetation loss account for a substantial portion of anthropogenic greenhouse gases. These emissions not only contribute to global warming but also reduce the Earth's capacity to regulate atmospheric carbon, complicating efforts to mitigate climate change. In Nigeria, the impact of vegetation change is particularly significant. Unsustainable practices like shifting cultivation, logging, bush burning, and land clearing for housing and roads have led to widespread degradation of vegetative resources. Makinde and Badejo (2015) reported that urban development in areas like Ikorodu, Lagos State, has caused the continuous decline of vegetation cover, contributing to issues like increased flooding, soil erosion, and rising local temperatures. Additionally, converting vegetated areas into impervious surfaces leads to poorer air quality, disrupted rainfall patterns, and increased vulnerability to natural disasters. Without effective environmental policies and reforestation efforts, the loss of vegetation in Nigeria may contribute to long-term ecological and socio-economic instability.
      Human activities are the primary drivers of vegetation change globally. These changes stem from a combination of socio-economic, political, and demographic factors. For example, rapid population growth increases the demand for food, shelter, and infrastructure, which often results in the conversion of vegetated areas into agricultural lands, housing, and urban infrastructure (Madulu, 2004; FAO, 2010). Urbanization is one of the dominant forces behind vegetation loss, particularly in developing countries like Nigeria. Land-use models also serve various purposes. They help achieve a better understanding of the urban dynamic system and also enable virtual experimentation, allowing the possible impacts of new infrastructures, technologies, or policies to be determined (Berglund 2014). As rural populations move to urban areas in search of better opportunities he demands for housing and services grows. This leads to the clearance of natural vegetation for construction projects. According to Orji and People (2015), land conversion due to urban sprawl in Nigeria often occurs without adequate consideration for environmental sustainability. Industrialization and infrastructural development also play a significant role in modifying vegetated landscapes. Projects like road construction, mining, and urban development lead to the widespread removal of vegetation. Often, these developments are carried out without comprehensive Environmental Impact Assessments (EIAs), increasing the risk of soil degradation, habitat destruction, and climate-related challenges (Makinde & Badejo, 2015). Poverty also drives unsustainable land use practices, particularly in rural areas where economic survival depends on the land. People may resort to practices like shifting cultivation, charcoal production, and timber extraction, further exacerbating vegetation loss and land degradation (Adeola et al., 2004). While climate variability is not inherently anthropogenic, it interacts with human-induced drivers to accelerate vegetation loss. Prolonged droughts, erratic rainfall, and flooding can worsen vegetation degradation, especially when combined with unsustainable farming practices or overgrazing (Ellis, 2011). Overall, vegetation change results from a complex interaction of economic pressures, policy failures, weak governance, and environmental factors. In places like Ezza South, the lack of effective land use management and enforcement mechanisms allows for indiscriminate land exploitation, which threatens vegetation cover and long-term ecological sustainability.
      The aim of this study is to conduct a geospatial assessment of the of land use/land cover and vegetation health/change in Ezza South LGA from 2014 to 2024, in order to identify the primary patterns of change and providing recommendations for sustainable land management practices. To achieve this aim, the following objectives have been established:
(i) To generate and validate annual Land Use/Land Cover (LULC) maps for Ezza South LGA for the period 2014–2024 using Sentinel-2 imagery and the Google Dynamic World dataset. (ii). To quantify the primary LULC transitions between 2014 and 2024, specifically focusing on the rates of deforestation, agricultural expansion, and urbanization. (iii). To analyze the long-term trend in vegetation health and density from 2014 to 2024 by generating a Normalized Difference Vegetation Index (NDVI) time-series chart from the harmonized Landsat satellite archive. (iv). To synthesize the findings from the LULC and NDVI analyses to provide an integrated assessment of landscape change in the context of the region's known socio-economic and environmental pressures.
1.1 Study Area.  
     Ezza South is a Local Government Area situated in Ebonyi State in south-eastern Nigeria. Its administrative headquarters is located in Onueke, which also functions as a central settlement for the Ezza people and as the administrative centre of the Ebonyi Central senatorial district. The LGA shares boundaries with Abakaliki to the north, Onicha to the south, Ezza North to the east, and Ikwo to the west. The people are predominantly of Igbo stock. They speak Ezza dialect and the central Igbo language. South-eastern Nigeria is an area in tropical African that is well known for high population growth rate and crude density, high rate of urbanization and poor agricultural resource base (Okafor.2005). Their major occupations are farming and trading as well as emerging civil servant class. It has an area of 324 km2 and a population of 133,625 people based on 2006 census (National Population Census (NPC), (2006), (Brinkhoff 2013) and now estimated to be about 197,097 people using the national annual growth rate of 2.5 percent.  Coordinates for Ezza South LGA are: 6.1777°N 8.0403°E   
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[image: ]  Fig.1: Map of Nigeria Showing Ebonyi State   			  Fig. 2: Map of Ebonyi showing Ezza South LGA 

2.0   MATERIALS AND METHODS

2.1 Research Design 
This study employs a descriptive and retrospective geospatial research design. It utilizes a quantitative analysis of multi-temporal satellite imagery to systematically document, quantifies and analyses historical changes in land use/land cover (LULC) and vegetation health within Ezza South LGA from 2014 to 2024. 
2.2 Types of Data 
Primary and secondary data were used in this study. Primary data includes visits to the area, observations made, and interactions with farmers, and community leaders, stakeholders in the area during ground-truthing. Secondary data were collected from satellite (satellite image).
Sources of Data 
The primary and secondary data used for the analysis were derived from two key satellite programs: Sentinel-2 for high-resolution LULC mapping and the Landsat program for long-term vegetation trend analysis and interactions with people in the area as well as review of available literature on the area.
Instrumentation 
      The primary data for the analysis were derived from two key satellite programs:  Sentinel-2: Used for high-resolution LULC mapping. The Google Dynamic World dataset, which provides near real-time, 10-meter resolution classifications, leverages Sentinel-2 imagery. Landsat Program: Utilized for long-term vegetation trend analysis. This included harmonized data from Landsat 5 TM, Landsat 7 ETM+, Landsat 8 OLI, and Landsat 9 OLI-2. All data acquisition, preprocessing, and analysis were conducted within the Google Earth Engine (GEE) platform, a cloud-based computational platform designed for planetary-scale geospatial analysis. 
Procedure for Data Collection 
      The study followed a descriptive and retrospective geospatial research design, focusing on quantitative analysis of multi-temporal satellite imagery in carrying out this research. More so, necessary consultations with the leaderships of the area were made and required permission granted. Safety and security measures were taken in the course of data collection, ground-truthing, and visits.
Data Acquisition and Preprocessing:  
      The administrative boundary of Ezza South LGA was imported into GEE as an Area of Interest (AOI) to filter and clip all satellite data for LULC analysis (2014–2024), the GOOGLE/DYNAMICWORLD/V1 Image Collection (from Sentinel-2) was filtered by date and spatially to the Ezza South AOI. A temporal aggregation technique, specifically the mode reducer, was applied to the time-series of the label band for each year to create a single, representative LULC map. For long-term vegetation trend analysis (2014–2024), Tier 1 Surface Reflectance collections from Landsat 5, 7, 8, and 9 were merged into a single, harmonized Image Collection. A function was created for cloud masking using the QA_PIXEL band in each Landsat image.
      Here's a breakdown of the methodology used: Sampling Size and Sampling Technique For the validation and accuracy assessment of the Land Use/Land Cover (LULC) classification, a minimum of 300 validation points was generated across the study area using a stratified random sampling design. This method ensured that all LULC classes were adequately represented within the validation sample.
Data Analysis and Interpretation
Five main methods of data analysis were adopted in the study.
(i). Cluster analysis
(ii). Maximum Likelihood Classification
(iii). Calculation of the Area in hectares of the resulting land cover types for each study year and subsequently comparing the results.
(iv). Overlay Operations
(v). Error matrix and a Kappa analysis
The first two methods above were used for image classification to produce land cover map of the study area. The data were imagery of 2014, 2016, 2018, 2020, 2022 and 2024. Calculation of the Area in square kilometer assisted in identifying the percentage change, trend, and rate of change between the periods of investigation. 
Land Cover Classification System 
In this study, the Food and Agriculture Organization (FAO) Land Cover Classification System (LCCS) was employed. Based on field data and ancillary information obtained during the investigation, the land cover types within the study area were delineated. These are outlined as follows:
1. Cultivated and Managed Terrestrial Areas (Farm/Fallow Land): This category comprises areas where the natural vegetation cover has been substantially modified and replaced through anthropogenic activities. It includes all vegetated croplands established with the primary objective of agricultural production and subsequent harvesting.
2. Natural and Semi-Natural Vegetation: Natural vegetation refers to areas in which the vegetative cover exists in equilibrium with the biotic and abiotic components of the ecosystem. Semi-natural vegetation, by contrast, consists of vegetation not deliberately planted by humans but which has been indirectly influenced by anthropogenic activities.
3. Artificial Surfaces and Associated Areas: This class encompasses land surfaces that have been significantly altered by human activities, resulting in artificial land cover. It includes construction sites, extraction areas such as mining and quarrying locations, excavated lands, and waste disposal sites.
4. Bare Areas: These are surfaces with minimal or no anthropogenic influence and very limited or absent vegetation cover. Typical examples include exposed rock formations, bare sand, and desert-like terrains.
5. Natural Water Bodies: This category includes areas that are naturally inundated or permanently covered by water, such as rivers, streams, lakes, and similar aquatic features.
6. Built-up Areas: These refer to land occupied by human settlements, including towns, residential areas, commercial establishments, industrial facilities, and associated infrastructure.
Development of a Classification Scheme
The classification scheme was developed based on prior knowledge of the study area spanning over 14 years, complemented by a preliminary reconnaissance survey and supplementary information derived from existing studies conducted within the area. The scheme was formulated in accordance with the Food and Agriculture Organization (FAO) Land Cover Classification System (LCCS). They include Built-up (BU), Water body (WB), Swamp (SW), Farmland (FL), Forest (FT) and Bare surface (BS) as shown in Table 3.
Table 1: Classification Scheme
	Code
	Land Cover Categories

	WB
	Water body

	SW
	Swamp

	BU
	Built-up 

	FL
	Farmland

	FT
	Forest

	BS 
	Bare surface



Supervised classification
The supervised classification is the essential tool used for extracting quantitative information from remotely sensed image data [Richards, 1993, p85]. Using this approach, the analyst has access to a sufficient number of known pixels from which representative statistical parameters for each land cover class can be derived. This process is referred to as training. Following the training stage, the classifier is applied to assign class labels to all image pixels based on the derived class signatures. The most widely used supervised classification technique is the Maximum Likelihood Classification (MLC), which assumes that each spectral class follows a multivariate normal distribution. In this study, five training sites were selected and subsequently categorised into the classes specified in the classification scheme.
Change Detection
One of the most widely used applications of change detection involves the identification of urban land-use change and the evaluation of urban sprawl. Such analyses support urban planners and policy-makers in formulating effective strategies for environmental management. Various approaches have been developed and employed in different studies to quantify the spatial extent of land-cover change. It has further been observed that differing change detection techniques yield varying change maps (Araya and Cabral, 2008). The methods employed in this study are outlined below.
Image Differencing
Image differencing is a technique based on the subtraction of remotely sensed images acquired at two different time periods. This operation is carried out on a pixel-by-pixel or band-by-band basis to generate a difference image. In this process, the digital number (DN) value of a given pixel for a specific band at one date is subtracted from the corresponding DN value of the same band at another date (Singh, 1989; Tardie and Congalton, 2004). As the procedure relies on pixel-level comparison, the use of unprocessed or raw input imagery may lead to suboptimal or unreliable results.
Vegetation Index Differencing
This method is applied to analyze the amount of change in vegetation versus non vegetation by computing Normalized Deference Vegetation Index (NDVI). NDVI is one of the most common vegetation indexing method and is calculated by:


                               NDVI= NIR-RED
                                                                 -1.0 ……………………… equation 1
                               NIR+RED 

Where NIR is the near infrared band response for a given pixel and RED is the red response 
Post Classification Comparison: 
This approach is regarded as one of the most straightforward, widely applied, and appropriate techniques for land cover change detection. It involves the comparison of independently classified images from two time periods, T1 and T2. Through this procedure, the analyst is able to generate a change map that represents a complete change matrix (Singh, 1989).
Post-Classification Detection Technique: 
The post-classification comparison technique is one of the most frequently employed and conceptually straightforward approaches to change detection (Blaschke, 2004). In this study, post-classification comparison, recognised as the most direct method, was adopted. Land cover maps for the years 2014, 2016, 2018, 2020, 2022 and 2024 were first reclassified into six broad categories. Subsequently, post-classification comparison was undertaken by comparing the corresponding classified maps in order to produce change maps. The resulting change statistics were presented in tabular form and used to quantify both the frequency and magnitude of land cover transitions. It is important to note that the accuracy of change detection outputs is entirely dependent on the reliability of the individual classifications. Consequently, image classification and post-classification comparison are inherently iterative processes that require continual refinement to enhance the robustness and precision of change detection results (Fan et al., 2007; Eziamaka et al., 2025).

Table 2: Error Matrix and Kappa Analysis
	Year
	Kappa Coefficient
	Overall Accuracy

	2014
	1.0
	100%

	2016
	1.0
	100%

	2018
	1.0
	100

	2020
	1.0
	100%

	2022
	0.99
	99%

	2024
	0.98
	98%

	Average 
	0.99
	98.5%



          Ogoro et al, (2020), postulates that Spatio-temporal change analysis is one of the methodologies use in studying current and ongoing change in landuse in an area.
3.0   RESULTS AND DISCUSSION

3.1   Land Use Land Cover 2014-2024
[bookmark: _Hlk201742966]     The LULC analysis for the period 2014 to 2024 reveals a dynamic and rapidly transforming landscape in Ezza South. The classification results for the start and end years of the high-resolution analysis are summarized in Table 1, showing the area and percentage cover for each major LULC class.
[image: ]               [image: ]Fig.3: LULC 2014 image for Ezza South LGA based on Sentinel-2 	Fig. 4: LULC  2016 image for Ezza South LGA based on Sentinel-2
Figure 3 above shows the satellite image of Ezza South indicating the different land use classes like water bodies, forest, swamp, farmland, built-up area and bar surface for the year 2014. As shown in Table 1. Water bodies occupied 2.17km2 while forest is 101.94km2, swamp is 0.02km2, farmland is 145.66km2, built-up area is 17.51km2 and bare surface is 0.07km2. 
      Figure 4 above shows the satellite image of Ezza South indicating the different land use classes like water bodies, forest, swamp, farmland, built-up area and bar surface for the year 2016. The magnitude of the different classes as shown in table 1 are water bodies  2.12km2 , forest is 85.49km2, swamp is 0.03km2, farmland is 158.36km2, built-up area is 21.32km2 and bare surface is 0.04km2. 
[image: ]     [image: ]
Fig.5: LULC 2018 Image for Ezza South LGA based on Sentinel-2     Fig.6: LULC 2020 Image for Ezza South LGA based on Sentinel-2 

      Figure 5 above shows the satellite image of Ezza South indicating the different land use classes like water bodies, forest, swamp, farmland, built-up area and bar surface for the year 2018. The magnitude of the different classes as shown in table 1 are water bodies  2.04km2 , forest is 82.23km2, swamp is 0.03km2, farmland is 155.89km2, built-up area is 27.13km2 and bare surface is 0.02km2. 
      Figure 6 above shows the satellite image of Ezza South indicating the different land use classes like water bodies, forest, swamp, farmland, built-up area and bar surface for the year 2020. The magnitude of the different classes as shown in table 1 are water bodies  2.02km2, forest is 79.48km2, swamp is 0.02km2, farmland is 158.48km2, built-up area is 27.35km2 and bare surface is 0.02km2. 
[image: ]        [image: ]
  Fig. 7: LULC 2022 Image for Ezza South LGA based on Sentinel-2             Fig. 8: LULC 2024 Image for Ezza South LGA based on Sentinel-2 

      Figure 7 above shows the satellite image of Ezza South indicating the different land use classes like water bodies, forest, swamp, farmland, built-up area and bar surface for the year 2022. The magnitude of the different classes as shown in table 1 are water bodies  2.16km2 , forest is 103.91km2, swamp is 0.08km2, farmland is 132.65km2, built-up area is 28.41km2 and bare surface is 0.16km2. 
      Figure 8 above shows the satellite image of Ezza South indicating the different land use classes like water bodies, forest, swamp, farmland, built-up area and bar surface for the year 2024. The magnitude of the different classes as shown in table 1 are water bodies  1.94km2 , forest is 52.7km2, swamp is 0.01km2, farmland is 182.97km2, built-up area is 28.41km2 and bare surface is 0.33km2. 
           Table 3: LULC Distribution in Ezza South for 2014 to 2024
	
	
	Land Use/Land Cover Class Area (km2)

	S/N
	Class/Category
	(km2)
2014
	(km2)
2016
	(km2)
2018
	(km2)
2020
	(km2)
2022
	(km2)
2024

	1
	Water body
	2.17
	2.12
	2.04
	2.02
	2.16
	1.94

	2
	Forest
	101.94
	85.49
	82.23
	79.48
	103.91
	52.7

	3
	Swamp
	0.02
	0.03
	0.03
	0.02
	0.08
	0.01

	4
	Farm Land
	145.66
	158.36
	155.89
	158.48
	132.65
	182.97

	5
	Built-up
	17.51
	21.32
	27.13
	27.35
	28.41
	29.43

	6
	Bare Surface
	0.07
	0.04
	0.02
	0.02
	0.16
	0.33



      The most striking trend observed between 2014 and 2024 is the dramatic shift or changes that occur among the following variables: forest, farmland, built-up area and water bodies. Table 4 quantifies the net changes over this eight-year period by clearly showing the magnitude of change and the percentage of change that occur among the variables, and equally highlighting the primary trajectories of landscape transformation. Thus as seen in Table 4 below, water bodies decreased from 2.17km2 in 2014 to 1.94km2 in 2024 by (-0.016)  representing 0.81 % change. Forest decreased from 101.94km2 in 2024 to 52.7km2 in 2024 by 49.24km2 representing 48.3% change. Swamp experienced no significant change in magnitude. Farmland increased from 145.66km2 in 2014 to 182.97km2 in 2024 by 37.31km2 representing 25.6%  overall change during the period. 
      From Table 4 below it is clearly evident that farmland recorded the highest increase of 68.43% change in 2024 followed by forest with 19.71% and built-up area with 11%.  This indicates that the vegetation change in Ezza South is driven by population growth as increase in farmland cultivation is geared towards food production for the growing number of people while forest is being rapidly transformed into farmland and built-up area with a view to catering for the increasing population of Ezza South which has grown by over 68% between 2006 and 2024.
      Thus the impact or effect of land use change on vegetation change in Ezza South is significant, substantial ad portends serious threat to the ecosystems and livelihoods in the area if left unchecked. Efforts should be made deliberately to reduce the number of people in Ezza South that depend on forests and forest resources for livelihoods in order to reduce the pressure on forest resources and the overall land use in the area. Better agricultural practices that will enhance yields per unit of land cultivated should be encouraged, as well as public enlightenment on public health concerns particularly family planning. Women should be empowered and made to have choices regarding reproduction health.


Table 4: Magnitude of Change Between 2014 – 2024
	S/N
	Class/Category
	2014 (km2)
	2024 (km2)
	Magnitude of Change (km2)
	Percentage of change 2014     (%)
	Percentage of change 2024     (%)
	Percentage of change (%)

	1
	Water
	2.17
	1.94
	-0.106
	0.81
	0.73
	0.098

	2
	Forest
	101.94
	52.7
	49.24
	38.13
	19.71
	0.483

	3
	Swamp
	0.02
	0
	0.02
	0.01
	0.01
	0

	4
	Farmland
	145.66
	182.97
	37.31
	54.48
	68.43
	0.256

	5
	Built-up 
	17.51
	29.43
	11.92
	6.55
	11
	0.679

	6
	Bare Surface
	0.07
	0.33
	0.26
	0.03
	0.12
	3





                 
Fig. 9: Percentage of change in 2014 Category based on Table 1 and 2        Fig.10: Percentage of change in 2024 Category based on Table 1 and 2

The results clearly indicate three dominant processes shaping the Ezza South landscape: 
The most significant change was a drastic reduction in forest cover, with a net loss of 32.79 km2. This represents a loss of over 38 percent of the forest area that existed in 2014.
      Farmland emerged as the most rapidly expanding land use, gaining 24.61 km2. This gain corresponds closely with the area of forest lost, suggesting a direct conversion of forested land to agricultural use. By 2024, farmland constituted over 68 percent of the entire LGA. 
      Built-up areas also showed significant growth, expanding by 8.11 km2, an increase of approximately 38% from its 2016 extent. This points to a steady pace of urban and infrastructural development. Other changes were minor in comparison. Water bodies showed a slight decrease, and bare surfaces increased marginally, which could be linked to construction, erosion, or mining activities. The complete disappearance of the 'Swamp' class suggests it was either too small to be consistently classified or was converted to other uses.  
3.2 Long-Term Vegetation Health Trend (2000–2024)  
      The long-term vegetation dynamics were assessed using a time-series of the Normalized Difference Vegetation Index (NDVI) from 2000 to 2024. The resulting line chart (Figure 13) plots the mean NDVI value for the entire Ezza South LGA for each available Landsat image over the 24-year period.  
 [image: ]               Fig. 11: Mean NDVI Trend in Ezza South based on earth blox

3.3   The NDVI time-series exhibits several key characteristics:
Strong Seasonality: 
     The chart displays a distinct and repeating cyclical pattern, with NDVI values typically peaking during the wet season (roughly April-October) and reaching a trough during the dry season (November-March). This reflects the natural phenological cycle of the derived savannah ecosystem, where vegetation flourishes with the onset of rains and senesces or becomes dormant during the dry, Harmattan-influenced months.
High Variability: 
      The mean NDVI values show considerable fluctuation, ranging from highs of approximately 0.27 to lows dipping into negative values.1 While the positive values indicate periods of healthy, dense vegetation, the sharp negative spikes are likely attributable to atmospheric contamination (e.g., clouds, haze) that were not fully removed by the cloud-masking algorithm, or the presence of water bodies and bare surfaces within the pixels used to calculate the mean.
No Clear Long-Term Greening Trend: 
      Despite the seasonal peaks, the time-series does not show a consistent, long-term increasing trend (or "greening") over the 24-year period. The mean NDVI values appear to oscillate around a relatively stable, albeit highly variable, baseline. The absence of a positive trend, especially in the face of significant deforestation revealed by the LULC analysis, suggests that the expansion of seasonal croplands has not compensated for the loss of permanent, year-round forest cover in terms of overall vegetation density and health.
      The results from both the LULC change analysis and the NDVI time-series provide a clear, data-driven narrative of landscape transformation in Ezza South, driven by powerful anthropogenic pressures. The findings are consistent with the research problem and align with established trends across Southeastern Nigeria. The most significant finding is the rapid conversion of forest to farmland. The loss of nearly 33 km2 of forest in just eight years is a stark indicator of the immense pressure on land resources. This directly supports the hypothesis that agricultural expansion is a primary driver of environmental change in the region. This expansion is fuelled by the socio-economic reality of Ezza South: a growing population with a heavy dependence on subsistence agriculture. As the population increases, the demand for food and cultivable land rises, leading to the clearing of natural vegetation to create new farms. The steady growth of built-up areas by over 8 km2 further corroborates the impact of population growth and urbanization. This trend is a hallmark of developing regions in Nigeria, where administrative centers like Onueke expand, consuming surrounding agricultural and natural lands for housing and infrastructure. This process fragments the landscape, reduces green spaces, and intensifies the pressure on the remaining agricultural land. The role of mining as an indirect driver, as proposed in the research problem, provides a crucial layer of context to these findings. While the LULC analysis primarily captures the direct conversion of forest to farm, the underlying reasons for this expansion may be more complex. Extensive lead-zinc mining in areas like Ameka is known to cause severe soil and water contamination with heavy metals, reducing soil fertility and crop yields. Farmers facing declining productivity on contaminated lands are likely forced to abandon them and seek new, fertile ground, which often means clearing virgin forest. Therefore, the observed deforestation is likely a combined result of population-driven demand and a desperate search for uncontaminated land, a cycle where one form of environmental degradation (mining pollution) catalyses another (deforestation). The NDVI analysis complements this narrative. The lack of a long-term greening trend, coupled with high variability, suggests an ecosystem under stress. While the expansion of agriculture adds seasonal greenness, the loss of permanent forest cover represents a net loss in year-round biomass, carbon storage, and ecological stability. The forest provides consistent, high NDVI values throughout the year, whereas cropland values are high only during the growing season and drop significantly after harvest, contributing to the high amplitude of the NDVI signal. The overall trend suggests that the landscape's ecological resilience is being eroded, not enhanced. In conclusion, the results paint a picture of a landscape caught between the competing demands of a growing population for food and settlement, and the degrading legacy of resource extraction. The conversion of forest to farmland is the dominant spatial process, driven by a combination of direct population pressure and indirect pressures from environmental degradation caused by mining. This transformation, confirmed by both high-resolution LULC mapping and long-term vegetation health analysis, underscores the urgent need for integrated land use planning and sustainable resource management to mitigate further environmental decline in Ezza South. The study, "Land Use and Vegetation Change in Ezza South, Ebonyi State, Nigeria (2014–2024), employed geospatial techniques to analyze land use and vegetation changes and its findings  are consistent with similar findings that used means techniques in assessing the effects of land use and vegetation change. 
      Agumagu et al, (2025) in their study which aimed to understand the changing distribution of various land cover types and their potential influence, considering that the Niger Delta Region is one of the rapidly growing regions in Nigeria, found that between 1986 and 2024, built-up and agriculture areas substantially increased by about 561% and 79%, respectively, with a concomitant decrease in mangrove and rainforest areas of about 54% and 42%, respectively. Rainforest and mangrove areas have decreased substantially over the study period, largely being replaced with built-up and agricultural land classes across the Niger Delta. Changes across the states were not consistent, with Delta, Bayelsa, Cross River, and Rivers States experiencing the highest decrease in rainforest, with losses of 64%, 55%, 45%, and 44%, respectively. The decrease in the mangrove, forest areas, and water bodies in the Niger Delta Region is anticipated to intensify runoff in the region, enhancing flood risk and impacts on livelihoods across the study region. As a result, mangrove restoration is becoming more extensively recognized as a significant approach for mitigating and adapting to the effects of climate hazards (Obenade et.al, 2025; Agumagu et. al, 2025. 
      Also, Odoh et al (2024) concluded that the analysis of LULC changes and slope dynamics between 2017 and 2023 in Enugu North, Enugu South, Nkanu East, and Nkanu West LGAs reveals significant trends with profound environmental and socio-economic implications. The most notable change is the substantial reduction in tree cover from 565.99 km² to 432.48 km², indicating extensive deforestation driven by urban expansion and agricultural land conversion. This reduction in forested areas threatens biodiversity, disrupts carbon sequestration processes, and alters local climate and hydrological cycles, underscoring the urgent need for effective forest conservation strategies Obenade et al, 2025; Odoh et al, 2024).
The findings of our earlier study on the environmental and agricultural implications of land use land cover change for Ebonyi state as quoted in Obenade et al, (2025) reveal that Bareland increased from 1.16 km2 in 1986 to 11.76km2 in 2025 representing an increase of +630%. Water bodies increased from14.25km2 in 1986 to 18.91km2 in 2025 representing an increase of +33%. Built-up area increased from 27.90km2 in 1986 to 46.66km2 in 2025 representing an increase of +67%. Forest decreased from 933.54km2 in 1986 to 618.69km2 in 2025 representing a decrease of -34% while cultivated area increased from 1364.69km2 in 1986 to 3990.67km2 in 2025 representing an increase of +192%, and Shrubland decreased from 4,083.26km2 in 1986 to 1,738.56km2 in 2025 representing a decrease of 57%. The trends of change in Ezza South agree completely with the change in the state as a whole (Moses Obenade et al, 2025).
4.0   CONCLUSIONS
      The geospatial analysis reveals that Ezza South LGA has undergone substantial land use and vegetation dynamics between 2014 and 2024. The observed changes, particularly the expansion of built-up areas, agricultural lands, and a corresponding decrease in natural vegetation covers such as forests and grasslands, underscore the environmental pressures faced by the region. These transformations have significant implications for the local ecosystem, including potential impacts on biodiversity, soil erosion, water resources, and overall ecological balance. The continuous monitoring of these changes using remote sensing technologies is crucial for understanding the drivers of land degradation and for informing sustainable land management practices. The reliance on the Google Earth Engine platform proved effective in handling and processing large volumes of satellite data, enabling comprehensive and timely assessments of environmental change though the main limitation of this study was not being able to do a complete ground-truthing of the entire Local Government.
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