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Abstract  

This study investigates the combined impacts of land use/land cover (LULC) changes, topographic variability, and climate-

induced stressors on groundwater quality in the Awka Agricultural Zone, southeastern Nigeria. Over the past decades, rapid 

urbanization, agricultural intensification, and climate variability have increasingly degraded groundwater resources in sub-

Saharan Africa. To address this, the study integrated physicochemical data, satellite-derived LULC classifications (2017, 2020, 

2023 and 2024), and climate records of Awka Agricultural Zone from 2017 to 2024 within a GIS-based framework. Findings 

reveal that urban expansion and agricultural encroachment significantly reduce infiltration and elevate pollutant loads, while 

declining rainfall and rising temperatures intensify solute concentrations such as nitrates, TDS, and heavy metals. Statistical 

analyses show strong correlations between groundwater parameters and environmental variables, confirming the interactive 

nature of anthropogenic and climatic pressures. This research offers a spatial-temporal approach for identifying contamination 

hotspots and recharge-limiting zones, providing critical insights for adaptive groundwater governance, spatial planning, and 

climate resilience in data-scarce agro-ecological regions. 
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1. Introduction 

Over the past six decades, the Earth has undergone an unprecedented acceleration in environmental transformation, 

largely driven by explosive population growth, increased resource extraction, and intensified consumption. These 

forces have accelerated land-use changes, fertilizer application, and water withdrawals for agriculture, urbanization, 

and industrial expansion. Collectively, these processes have ushered humanity into the Anthropocene - a new epoch 

marked by significant and often irreversible human impact on Earth's systems. One of the most critical 

consequences of this shift is the widespread degradation of water quality, now recognized as a global environmental 

crisis. Recent studies have reported increasing contamination of freshwater systems by recalcitrant chemicals, 

nutrient over-enrichment, harmful algal blooms, and microbiological pollutants, including antibiotic-resistant 

pathogens (Abdelfattah, Gaber and Geriesh, 2021; Maurizio et al., 2023). This degradation poses threats to 

ecosystem stability, biodiversity, and human health. Furthermore, climate change—manifested through rising 

temperatures, shifting precipitation patterns, and extreme weather events—exacerbates water quality issues by 

intensifying pollution transport and altering hydrological cycles. Climate change introduces significant variability 

into the global water cycle (Saito, Taniguchi and Shimada, 2016). Changes in rainfall regimes, evapotranspiration 

rates, and temperature extremes affect both the quantity and reliability of freshwater resources. The frequency and 

severity of hydrometeorological events—such as flash floods, prolonged droughts, and heat waves—have increased 

in many parts of the world, leading to aquifer depletion, river desiccation, and compromised soil moisture and 

recharge rates (Abbass et al., 2022; Beckmann and Winkelmann, 2022; Santos, Ferreira and Pedersen, 2022). 

Historical climatological records indicate that at least twenty major climate anomalies since 1700 have significantly 

disrupted global water systems, often causing socio-economic and ecological crises (Costa, Zhang and Levison, 

2021; Easterbrook, 2016). Presently, these impacts are particularly severe in regions with fragile water balances or 

insufficient infrastructure. 
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In the face of climate-induced variability, groundwater is increasingly seen as a critical buffer and a reliable source 

of water. It constitutes about 30% of global freshwater and supplies over two billion people for domestic, 

agricultural, and industrial needs. However, despite its importance, groundwater remains poorly monitored and 

vulnerable to overexploitation and contamination. Rapid urban growth, population increase, and the declining 

reliability of surface water sources have intensified groundwater dependence—especially in developing regions like 

sub-Saharan Africa. In urban centers such as Ibadan, Nigeria, residents increasingly rely on boreholes and shallow 

wells, which are often exposed to contamination due to poor sanitation, unregulated land use, and inadequate waste 

disposal (Balogun, Anumah, Adegoke and Maxakato, 2022; Barbieri et al., 2023; Usman, Lawal and Ajayi, 2021). 

Land use and land cover (LULC) changes directly influence hydrological processes, including infiltration, runoff, 

evapotranspiration, and aquifer recharge. While land cover denotes the physical features of the Earth’s surface—

such as vegetation, croplands, or impervious surfaces—land use refers to how humans manage and modify these 

landscapes (Giri, 2021; Sawant, Garg, Meshram and Mistry, 2023). Deforestation, urban sprawl, and agricultural 

intensification disrupt groundwater systems by altering surface permeability, increasing runoff, and reducing 

infiltration (Sulamo, Kassa and Roba et al., 2021). The removal of vegetation also accelerates erosion and sediment 

transport, degrading both surface and groundwater quality. 

There is an urgent need to examine how these interacting drivers shape groundwater recharge dynamics, flow 

systems, and pollution risks. Identifying vulnerable zones, assessing contamination hotspots, and integrating spatial 

and temporal datasets are essential steps toward sustainable groundwater management leveraging on the 

physicochemical data and spatial GIS-based LULC classification to produce an understanding of groundwater 

vulnerability. Topographic factors, particularly slope, also modulate infiltration and recharge potential. Steep 

terrains tend to generate higher surface runoff and reduced recharge, while flat or undulating areas promote water 

percolation into aquifers (Quillet et al., 2017; Sertel, Imamoglu, Cuceloglu and Erturk, 2019; Yuan, Jin and Lee, 

2020). Therefore, groundwater vulnerability is governed by the interplay between LULC patterns and 

geomorphological conditions. Interactions between climate change and LULC dynamics further complicate 

groundwater sustainability (De Giglio et al., 2016). Shifts in land cover influence evapotranspiration and soil 

moisture retention, while climate variability alters recharge timing, rainfall intensity, and evaporation rates. These 

processes affect the chemical and biological properties of groundwater, often leading to elevated concentrations of 

nitrates, heavy metals, salts, and pathogens in aquifers (Aladejana, Kalin, Sentenac and Hassan, 2020; Cochand, 

Molson and Lemieux, 2019 Wilopo, Putra and Hendrayana, 2021). Extreme climatic events such as flooding can 

mobilize surface pollutants, while droughts reduce aquifer dilution, resulting in higher contaminant concentrations. 

These shifts pose increasing risks to groundwater-dependent communities and ecosystems, particularly in semi-arid 

zones where paleo-hydrological records indicate high sensitivity to climate change, and by bridging hydrology, 

climatology, and land system science, it offers an innovative spatial-temporal framework to identify groundwater 

pollution hotspots and recharge-limiting factors. (Amanambu et al., 2020; Mousazadeh, Eftekhari and Ostovari, 

2019). Groundwater plays a critical role in sustaining domestic, agricultural, and ecological functions, especially in 

regions affected by climate stress and poor water infrastructure (Doulgeris, Nikolaidis, and Karatzas, 2023). Yet, the 

combined effects of land use change, topographic variation, and climate variability on groundwater quantity and 

quality remain poorly understood particularly in rapidly urbanizing and agriculturally intensive areas. 

This study seeks to fill this critical knowledge gap by investigating the hydrological and environmental 

consequences of LULC and climatic interactions, with the goal of supporting evidence-based groundwater 

governance, spatial planning, and climate adaptation in vulnerable landscapes in Awka Agricultural Zone. The 

findings will contribute to the growing body of interdisciplinary groundwater research and provide practical 

implications for adaptive water resource governance, land use planning, and climate resilience strategies in 

vulnerable agro-ecological zones such as Awka Agricultural Zone. 

2.0 Materials and methods 

2.1 Study Area 

Awka agricultural zone is one of the four agricultural zones operational in Anambra state, it comprises of five Local 

government areas (LGAs) namely: Awka-North, Awka-South, Anaocha, Njikoka and Dunukofia local government 

areas which are largely involved in agricultural production and rural development. Awka agricultural zone is within 

the derived savanna vegetative zone and experiences a tropical climate with two distinct seasons: the rainy season 

(March to April) and the dry season (October to November), the topography is hilly and in many parts flood erosion 

is a major problem. The soil is classified as deep porous ferralithic which is easy to till but subject to excessive 

leaching because it is formed from sandstone (Nweke and Winch, 1980). 
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Fig. 1: Map of Nigeria showing Anambra State; Fig. 2: Map of Anambra State showing Awka Agricultural Zone;  

Fig. 3: Map showing Awka Agricultural Zone. (Source: ArcGIS 10.8) 

 

 
Fig. 4: Geological Map showing Awka Agricultural Zone. (Source: ArcGIS 10.8) 

2.2 Sample Collection and Data Processing:  

Twenty water samples were collected in duplicate from selected boreholes in five Local Government Areas of the 

Awka Agricultural Zone, the depth of the selected boreholes ranges within 200ft – 500ft. Samples were divided into 

filtered (A) for cation analysis and unfiltered (B) for anion analysis, collected with pre-cleaned plastic cans after 

flushing the taps for five minutes. The cans were filled without airspace, kept in ice packs, and delivered to the lab, 

where batch A was acidified to preserve cations. On-site pH and electrical conductivity measurements were taken 

with appropriate meters, and laboratory analyses followed APHA (1998) guidelines. Land Use and Land Cover 

(LULC) data from Sentinel-2 satellite imagery for 2017, 2020, 2023, and 2024 were processed in ArcGIS 10.8, 

using the Maximum Likelihood Algorithm to classify into six categories, classification accuracy was validated with 

ground truth data. Climate data of Awka Agricultural Zone from 2017 to 2024 were sourced from NiMet's Awka 

Station. All data were integrated in ArcGIS 10.8 to map LULC changes and identify vulnerable zones, aiding 

recommendations for sustainable groundwater quality management. 

3.0 Result and Discussion 

Groundwater quality in the Awka Agricultural Zone of southeastern Nigeria is increasingly impacted by 

anthropogenic activities and climatic shifts. Recent research highlights that heavy metal concentrations and other 

pollutants in Nigerian groundwater are rising due to mining, industrialization, socioeconomic development, and 

notably, land use and land cover (LULC) changes (Ajala et al., 2022; Obasi and Akudinobi, 2020; Omeka and Igwe, 

2023). The region’s geological diversity, rainfall variability, soil types, and topographical features further shape 

groundwater vulnerability (Agbasi et al., 2023; Aryal, Wang and Yeung, 2021; Ayejoto et al., 2023; Unigwe, 

Egbueri and Omeka, 2022). GIS-based LULC analysis from 2017 to 2024 as shown in Figures 5-8 reveals marked 
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urban expansion across Anaocha, Awka South, and Njikoka LGAs, red-coded built-up zones increasingly replaced 

vegetated and open areas. Between 2017 and 2020, vegetated areas, including flood-prone wetlands, declined 

significantly, with further reductions observed by 2023 in central and northern zones. This LULC transformation has 

reduced permeable surfaces, hindering aquifer recharge and amplifying surface runoff. Urbanization introduces 

direct threats to groundwater through increased impervious surfaces, which reduce infiltration and elevate pollutant 

loads. Sources include domestic waste, leaking septic systems, industrial discharges, and hydrocarbon spills (Akhtar, 

Bhat and Wani, 2021; Xu, Yin and Zhang, 2019; Zhang, Zhang, Wang and Cheng, 2018). Additionally, peri-urban 

communities with poor sanitation pose risks of leachate percolation, vegetation loss is especially concerning because 

such areas act as natural filtration buffers that protect aquifers. Their degradation increases vulnerability to 

contamination. Meanwhile, agricultural encroachment particularly in previously open spaces has contributed to 

heightened nitrate, phosphate, and heavy metal concentrations through fertilizer and pesticide applications (FAO, 

2016; Singh, Roshni and Singh, 2024; Zhang et al., 2021). Poorly drained agricultural land also contributes to 

salinization and nutrient leaching. Flooded vegetation in low-lying areas, while potentially beneficial for recharge 

and filtration, also acts as a sink for agrochemicals and waste, particularly during the rainy season (Nnaemeka-

Okeke, Eze-Steven and Ugwu, 2019; Okeke, Chukwu and Agu, 2024; Rahman, Hossain and Rahman, 2019). 

   

         
Fig. 5: 2017 LULC Map of Awka Agricultural Zone; Fig. 6: 2020 LULC Map of Awka Agricultural Zone;  

Fig. 7: 2023 LULC Map of Awka Agricultural Zone; Fig. 8: 2024 LULC Map of Awka Agricultural Zone.  

Source: ArcGIS 10.8 – (Sentinel 2.10m imagery) 

5 6 

7 8 



2634  Umobi et al./ UNIZIK Journal of Engineering and Applied Sciences 5(2), 2630-2642 

 

Table 1: Overall Classification Accuracy and Kappa Coefficient 

Year Overall Accuracy (%) Kappa Coefficient (%) Product Matrix Total 

2017 94.87 82.19 74 78 

2020 94.59 82.56 70 74 

2023 97.26 89.85 71 73 

2024 95.83 85.12 92 96 

The classification accuracy achieved between 2019 and 2024 (Table 1) indicates a consistently high and 

progressively improved performance in land use/land cover (LULC) mapping. Overall classification accuracies 

ranged from 94.59% to 97.26%, while Kappa coefficients varied between 82.19% and 89.85%. These metrics 

surpass the commonly accepted 85% benchmark for reliable remote sensing-based LULC analysis (Akinbile, Oni 

and Abegunde, 2023; Congalton and Green, 2019; Malakar et al. 2021). This reflects the robustness of the applied 

classification techniques and underscores their suitability for spatial-temporal land cover change detection, 

landscape interpretation, and environmental monitoring. The classification for the year 2023 demonstrated the 

highest performance, with a 97.26% overall accuracy and a Kappa of 89.85%, suggesting near-perfect agreement 

beyond random chance. This improvement is likely due to advancements in classification algorithms, more accurate 

training sample collection, or enhanced image quality—possibly obtained during seasons that reduce spectral 

overlap (Zhang, Guo and Zhang, 2021). Across the entire period, flooded vegetation consistently proved to be the 

most difficult class to distinguish, years such as 2019, 2020, and 2024 show notable misclassification between 

flooded vegetation and both water and terrestrial vegetation. This confusion is well-recognized in remote sensing 

literature, as flooded vegetation and water surfaces often share similar reflectance characteristics in the shortwave 

infrared (SWIR) and near-infrared (NIR) wavelengths (Bamal, Sondhi, Singh and Saxena, 2022; Roy et al., 2020). 

Over time, distinct LULC trends emerge, built-up areas expanded modestly from 2019 to 2023, followed by a 

notable decrease in 2024. In contrast, vegetation-cover more than doubled between 2023 (38) and 2024 (71), which 

may reflect environmental recovery, reforestation, or seasonal variation associated with image capture during the 

rainy season (Asoka, Gleeson, Wada and Mishra, 2021; Ayanlade and Jegede, 2022; Rahmati, Pourghasemi and 

Kalantari, 2022). Water bodies remained largely unchanged over the study period, suggesting stability or controlled 

hydrological conditions in the area. Water features were consistently well classified, demonstrating clear spectral 

separability, particularly for static water bodies like lakes or reservoirs (Liu, Liu, Tian and Wang, 2022). 

Table 2: Classification Trends over Time 

Class 2017 2020 2023 2024 Trend Summary 

Water 4 4 3 4 Relatively stable 

Vegetation 44 36 39 71 Sharp increase in 2024 

Open Source 2 3 1 1 Decreasing 

Built-up 24 26 28 17 Dropped in 2024 

Flooded Vegetation 4 5 2 3 Slight variations 

In Table 2, the consistently high classification accuracies across all years support the effectiveness of supervised 

classification techniques such as Random Forest or Maximum Likelihood Estimation in multi-year LULC studies 

(Ansari, Raza and Kant, 2016; Wu, Li and Huang, 2020). The results are valuable for decision-making in land use 

planning, environmental management, ecosystem service evaluation, and disaster risk reduction (Adeoye, Ayeni and 

Akinpelu, 2024; Kassawmar, Dube and Adelabu, 2023). However, recurring misclassifications—especially between 

vegetation and flooded vegetation—highlight the need for more sophisticated classification strategies. Incorporating 

ancillary datasets, such as elevation models, soil moisture maps, or hydrological data, could significantly enhance 

class separability. Additionally, the sharp drop in built-up areas seen in 2024 may result from misclassification, 

possibly caused by vegetation overgrowth in developed plots, insufficient or biased training samples, or limitations 

in spectral differentiation (Mishra, Singh and Yadav, 2021; Schmitt and Brisco, 2022). The classification results 

from 2019 through 2024 demonstrate a high level of accuracy and reliability, making them suitable for long-term 

land cover change monitoring. 

.
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Table 3: Showing the Physicochemical Parameters results with the maximum permissible limits by FAO Water quality for agriculture – (FAO) 2016, World Health Organization - Water quality for 

drinking (WHO) 2017, and Nigerian Standard for Drinking Water Quality (NSDWQ)/Nigerian Industrial Standards (NIS) 2012. 

  AWKA AGRICULTURAL ZONE (AWKA-NORTH, AWKA-SOUTH, DUNUKOFIA, ANAOCHA AND NJIKOKA LGAs) 
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Table 4: ANOVA Table by LGAs in Awka Agricultural Zone 
ANOVA 

 Sum of Squares df Mean Square F Sig. 

Temperature ◦C 
Between Groups .934 4 .233 .024 .999 
Within Groups 343.138 35 9.804   

Total 344.071 39    

pH 
Between Groups .909 4 .227 .766 .554 
Within Groups 10.378 35 .297   

Total 11.286 39    

TDS mgL 
Between Groups 121586.016 4 30396.504 5.121 .002 
Within Groups 207767.784 35 5936.222   

Total 329353.799 39    

Total Hardness mgl 

Between Groups 17571.098 4 4392.775 16.657 .000 

Within Groups 9229.959 35 263.713   

Total 26801.057 39    

Calcium Ca²⁺ mgl 

Between Groups 5635.473 4 1408.868 6.047 .001 

Within Groups 8155.023 35 233.001   

Total 13790.496 39    

Magnesium Mg²⁺ mgl 

Between Groups 1228.509 4 307.127 21.789 .000 

Within Groups 493.342 35 14.095   

Total 1721.851 39    

Nitrate NO₃²⁻ mgl 

Between Groups 594.994 4 148.749 4.739 .004 

Within Groups 1098.665 35 31.390   

Total 1693.659 39    

Electrical Conductivity 
μS 

Between Groups 448551.051 4 112137.763 16.385 .000 

Within Groups 239542.028 35 6844.058   

Total 688093.080 39    

Alkalinity mgl 

Between Groups 9575.584 4 2393.896 17.213 .000 

Within Groups 4867.502 35 139.071   

Total 14443.086 39    

Chloride Cl⁻ mgl 

Between Groups 875.059 4 218.765 2.004 .115 

Within Groups 3820.955 35 109.170   

Total 4696.014 39    

Bicarbonate HCO3 mgl 

Between Groups 24901.465 4 6225.366 108.227 .000 

Within Groups 2013.253 35 57.522   

Total 26914.718 39    

Sulphate SO4²⁻ mgl 

Between Groups 1145.986 4 286.496 2.963 .033 

Within Groups 3384.006 35 96.686   

Total 4529.992 39    

Sodium Na²⁺ mgl 

Between Groups 119.001 4 29.750 11.958 .000 

Within Groups 87.078 35 2.488   

Total 206.078 39    

Potassium K mgl 

Between Groups 398.158 4 99.540 3.229 .023 

Within Groups 1078.984 35 30.828   

Total 1477.142 39    

Iron Fe²⁺ mgl 

Between Groups .016 4 .004 .535 .711 

Within Groups .259 35 .007   

Total .275 39    

Lead Pb mgl 

Between Groups .000 4 .000 .935 .455 

Within Groups .000 35 .000   

Total .000 39    

 
Table 5: Climatic Data of Awka Agricultural Zone 2017 – 2024 (Nigerian Meteorological Agency (NiMet), Awka) 

 2017 2018 2019 2020 2021 2022 2023 2024 

Max. Temp. oC 35.1 30.2 30.4 28.8 30.7 33.6 33.1 32.7 

Min. Temp. oC 23.7 23.7 23 23 24.2 23.5 23 22.7 

Rainfall (mm) 132.4 131.8 130.4 132.1 129.8 131.6 128.8 127.4 

Relative Humidity (%) 71.6 70.3 81.2 70.5 82.6 71.2 72.8 76.4 

Climatic data of Awka Agricultural Zone (Table 5) from 2017 to 2024 show slight declines in annual rainfall of 

Awka Agricultural Zone from 132.4 mm in 2017 to 127.4 mm in 2024 alongside temperature fluctuations. 

Maximum temperatures peaked at 35.1°C in 2017 and 32.7°C in 2024, while minimum temperatures remained fairly 

constant between 22.7°C and 24.2°C. Relative humidity peaked at 82.6% in 2021, sustaining levels above 70% 

through 2024, higher temperatures promote mineral dissolution, thereby increasing Total Dissolved Solids (TDS), 

Electrical Conductivity (EC), and hardness. For example, AS03 recorded TDS of 284.8 mg/L and EC of 438.5 μS. 

Reduced rainfall slows recharge, concentrating ions such as Ca²⁺, Mg²⁺, SO₄²⁻, and NO₃⁻ in groundwater. Intense 
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rainfall events, though infrequent, increase runoff, transporting pollutants into aquifers—as reflected in elevated 

nitrate levels (e.g., 36.7 mg/L in AS03) (Eze, Nnaemeka-Okeke and Ugwu, 2024; Yahaya et al., 2021). High 

humidity fosters organic decay and microbial activity, possibly contributing to low pH (e.g., pH 4.5 in AS03) from 

leachates and soil acidification (IIETA, 2023; Oyeku, Adeyemi and Omole, 2024). Using GIS overlays and 

hydrochemical data, spatial relationships between groundwater quality parameters and dominant LULC classes were 

identified across sampling sites in Awka North, Anaocha, Awka South, Njikoka, and Dunukofia in Table 6. The 

parameters in Table 3 vary significantly across Awka Agricultural Zone as shown in ANOVA table (Table 4), 

suggesting strong spatial correlation with environmental factors (e.g. LULC, rainfall etc.). the following parameters 

TDS (0.002), Total Hardness (0.000), Calcium (0.001), Magnesium (0.000), Nitrate (0.004), Electrical Conductivity 

(0.000), Alkalinity (0.000), Bicarbonate (0.000), Sulphate (0.033), Sodium (0.000), and Potassium (0.023) have 

shown significant p-values (p<0.05), while Temperature (0.999), pH (0.554), Chloride (0.115), Iron (0.711), and 

Lead (0.455) have shown non-significant p-values (p>0.05). Based on the p-values TDS and EC (both being related 

to ionic concentration in water) showed a strong positive correlation, TDS and Total Hardness/Calcium/Magnesium 

showed a strong positive correlation, Nitrate and Land Use (agricultural runoff is a likely cause of variations) 

showed a moderate to strong correlation, Alkalinity and Bicarbonate (bicarbonates dominates alkalinity) showed 

very strong correlation, Sulphate and Land Use (industrial use causing leaching of waste or fertilizers), and Sodium 

and Potassium (anthropogenic activities) showed moderate correlation due to urban waste and agricultural practices. 

Table 6: Spatial Relationships between Groundwater Quality Parameters and Dominant LULC Classes of Awka Agricultural Zone 

 

 
   Spatial Pattern 

 Parameters LULC Link Cause: Built-up zones: Agriculture: 

1 

Total Dissolved Solids 

(TDS) and Electrical 

Conductivity (EC) 

Built-up (AS03, 

AS04) and 
Agricultural (NJ02, 

NJ04) 

Domestic waste discharge, 

urban runoff, and fertilizer 
leaching 

 

EC > 300 μS, TDS > 250 

mg/L 

 

EC between 125–275 
μS 

2 Nitrate (NO₃²⁻) 
Agricultural Land and 

Open Spaces (AN01–
AS02, NJ01) 

Excessive fertilizer/manure 

application and septic leakage 

Built-up zones (e.g., 
AS03) with poor 

sanitation also show 

moderate nitrate 

NO₃⁻ > 25 mg/L 

3 

Total Hardness, Calcium 

(Ca²⁺), and Magnesium 

(Mg²⁺) 

Built-up (AS03, 

AS04) and Flooded 
Vegetation (DN04, 

NJ04) 

Leaching from concrete/rocks, 

industrial effluent, decaying 

biomass 

i. AS03/AS04: 

Hardness > 69 mg/L, 

Ca²⁺ > 51 mg/L 

ii. DN04/NJ04: Mg²⁺ > 

13 mg/L 

- 

4 
Alkalinity and 

Bicarbonate (HCO₃⁻) 

Agricultural and 
Vegetated Zones 

(AN03, NJ01) 

Soil CO₂ interactions, organic 

matter decay 

Moderate in built-up 
zones (e.g., AS01: 80.5 

mg/L) 

HCO₃⁻ > 75 mg/L 

5 Chloride (Cl⁻) 
Built-up and Flooded 

Vegetation (NJ04, 

DN03) 

Urban runoff, wastewater 

seepage, water stagnation 
Cl⁻ > 30 mg/L Cl⁻ < 20 mg/L 

6 Sulphate (SO₄²⁻) 
Agricultural and 

Built-up Zones 
(AS03, AN03, NJ04) 

Fertilizer, pesticide residue, 

industrial discharges 
- 

i. AS03: > 30 mg/L 
ii. AN03, NJ04: ~25 

mg/L 

7 
Sodium (Na⁺) and 

Potassium (K⁺) 

Built-up (AS03) and 

Agricultural (AN02, 

AN03) 

Road runoff, soil salinization, 
fertilizer/manure use 

AS03 – 6.88 mg/L 
AN02 and AN03 – K⁺ 

> 20 mg/L 

8 Iron (Fe²⁺) and Lead (Pb) 
Built-up and Flooded 

Vegetation (AS02, 

NJ04) 

Corroded pipelines, industrial 
residues, organic-rich soils 

Pb > 0.001 mg/L in urban 

zones 

 

Slightly elevated Fe²⁺ 
in organic/flooded 

soils 
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Table 7: Summary of LULC Effect on Groundwater Quality of Awka Agricultural Zone (2017, 2020, 2023 and 2024) 

LULC Class Trend (2017 – 2024) Groundwater Quality Impact Explanation 

Water/Water Bodies Relatively Stable Mixed – Recharge and 

Contamination Potential, if 

polluted sources mix with 

recharge areas 

Mixed – Clean Water Helps, Polluted 

Water Harms. While surface water 

didn’t change much, its proximity to 

contaminated areas may affect 

shallow groundwater quality 

Vegetation Decreased (especially in 

Awka-South, Njikoka and 

Anaocha) 

Negative – Reduced recharge, 

filtration capacity and increased 

erosion 

Vegetation loss limits aquifer 

recharge and natural pollutant 

filtering, while increasing erosion and 

contamination transport 

Open Space Increased (linked to land 

clearing and bare lands in 

Awka-South, Njikoka and 

Anaocha) 

Variable – Potential increase in 

runoff and sediment load 

Open lands may lack cover, 

promoting runoff of pollutants and 

reducing percolation 

Built-up Significantly Increased 

(especially in Awka-

South, Njikoka and 

Anaocha) 

Negative – Increased 

contamination from sewage, 

waste, used-oils, and impermeable 

surfaces 

Urbanization leads to reduced 

infiltration, more runoff, and 

increased contamination from 

domestic and industrial sources 

Flooded Vegetation Slight Increase 

(especially in Awka-

North and Dunukofia) 

Negative – High risk of microbial 

and chemical leaching 

Stagnant water areas act as pollutant 

sinks and often contribute to 

microbial contamination during 

infiltration 

Agricultural/Converted 

Areas 

Expanded (indicated by 

open space and reduced 

vegetation in Awka-

South, Njikoka and 

Anaocha) 

Negative – Agrochemical runoff 

(nitrates , phosphates and 

pesticides) 

Intensive farming contributes 

significantly to groundwater nitrate 

and pesticide contamination in 

groundwater 

4.0. Conclusion  

This study examined the combined effects of land use/land cover (LULC) changes, topographic variability, and 

climate-induced stressors on groundwater quality in the Awka Agricultural Zone, southeastern Nigeria. By 

integrating hydrochemical analysis, GIS-based LULC classification, topographic slope data, and climate records 

(2017–2024), the research revealed that urban expansion and agricultural intensification have significantly reduced 

infiltration capacity, increased pollutant loadings, and altered recharge patterns. Key findings include elevated 

concentrations of nitrates, TDS, sulphates, and heavy metals in areas with intensive land use and poor topographic 

drainage. Climate variability—particularly declining rainfall and rising temperatures—has further exacerbated 

groundwater degradation by reducing recharge and increasing solute concentrations. Significant correlations were 

observed between groundwater quality parameters and environmental drivers, highlighting the interactive nature of 

these stressors. This study provides a spatial-temporal framework for identifying groundwater contamination 

hotspots and recharge-limiting zones, contributing novel insights to interdisciplinary water resource management. It 

emphasizes the importance of integrated land-climate-groundwater monitoring and offers practical implications for 

groundwater governance, spatial planning, and climate adaptation in vulnerable  

References 

Abbass K., Qasim M.Z., Song H., Murshed M., Mahmood H., Younis I. 2022. A review of the global climate 

change impacts, adaptation, and sustainable mitigation measures, Environ. Sci. Pollut. Control Ser. 29 (28) 

42539–42559, https://doi.org/10.1007/s11356-022-19718-6. 

Abdelfattah M., Gaber A., Geriesh M.H., T.M. 2021. Hassan, Investigating the less ambiguous hydrogeophysical 

method in exploring the shallow coastal stratified saline aquifer: a case study at West Port Said Coast, Egypt, 

Environ. Earth Sci. 80 (4) 1–14, https://doi.org/10.1007/s12665-021-09442-8. 

Adeoye, A.O., Ayeni, O.J., Akinpelu, M. 2024. Assessment of LULC changes and their implications on 

groundwater recharge in southwestern Nigeria. Journal of Environmental Hydrology, 32(1), 56–72. 

Agbasi J.C., Egbueri J.C., Ayejoto D.A., Unigwe C.O., Omeka M.E., Nwazelibe V.E., Ighalo J.O., Pande C.B., 

Fakoya A.A. 2023. The impact of seasonal changes on the trends of physicochemical, heavy metal and 

microbial loads in water resources of Southeastern Nigeria: a critical review. Environment and Sustainable 

Development, Climate Change Impacts on Nigeria, pp 505–539 

https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1007/s12665-021-09442-8


Umobi et al./ UNIZIK Journal of Engineering and Applied Sciences 5(2), 2630-2642       2639 

 

 
 

Ajala E.O., Ayanshola A.M., Obodo C.I., Ajala M.A., Ajala O.J. 2022. Simultaneous removal of Zn (II) ions and 

pathogens from pharmaceutical wastewater using modified sugarcane bagasse as biosorbents. Results Eng 

15:100493 

Akhtar, N., Bhat, S.A., Wani, I.A., 2021. Land use land cover dynamics and its impact on groundwater quality: A 

geospatial approach. Environmental Earth Sciences, 80(12), 1–14. https://doi.org/10.1007/s12665-021-09733-2 

Akinbile, C.O., Oni, S.A., Abegunde, O.O. 2023. Urban expansion and groundwater contamination risk in Nigeria: 

A GIS-based approach. Water Resources Management, 37(1), 119–133. https://doi.org/10.1007/s11269-023-

03210-7 

Aladejana, J.A., Kalin, R.M., Sentenac, P., Hassan, I. 2020. Assessing the impact of climate change on groundwater 

quality of the shallow coastal aquifer of Eastern Dahomey Basin, Southwestern Nigeria. Water, 12(1), 224. 

https://doi.org/10.3390/w12010224 

Amanambu A.C., Obarein O.A., Mossa J., L. Li, Ayeni S.S., Balogun O., Oyebamiji A., Ochege F.U. 2020. 

Groundwater system and climate change: present status and future considerations, J. Hydrol. 589 (May) 

125163, https://doi.org/10.1016/j.jhydrol.2020.125163. 

Ansari, M.A., Raza, M., Kant, R. 2016. Land use and land cover changes impact on groundwater quality using 

remote sensing and GIS techniques: A case study. International Journal of Environmental Sciences, 6(5), 911–

920. 

Aryal, R., Wang, Z., Yeung, H.M. 2021. Impact of climate change on groundwater recharge in lowland and 

mountainous aquifers. Hydrological Sciences Journal, 66(4), 621–635. 

https://doi.org/10.1080/02626667.2021.1895560 

Asoka, A., Gleeson, T., Wada, Y., Mishra, V. 2021. Relative contribution of hydroclimatic and anthropogenic 

changes to water availability in India. Environmental Research Letters, 16(7), 074021. 

https://doi.org/10.1088/1748-9326/ac06e7 

Ayanlade, A. Jegede, O.O. 2022. Land cover change and vegetation dynamics in West Africa: A case study of 

Nigeria using satellite data. Environmental Monitoring and Assessment, 194(1), 33. 

https://doi.org/10.1007/s10661-021-09671-9 

Ayejoto D.A., Egbueri J.C., Agbasi J.C., Omeka M.E., Unigwe C.O., Nwazelibe V.E., Ighalo J.O., Pande C.B. 2023. 

Influence of seasonal changes on the quality of water resources in Southwestern Nigeria: a review. Environment 

and Sustainable Development, Climate Change Impacts on Nigeria, pp 423–447 

Balogun M.A., Anumah A.O., Adegoke K.A., Maxakato N.W. 2022. Environmental health impacts and controlling 

measures of anthropogenic activities on groundwater quality in Southwestern Nigeria, Environ. Monit. Assess. 

194 (5) (2022) 384, https://doi.org/10.1007/s10661-022-09805-z 

Bamal A., Sondhi A., Singh N., Saxena P. 2022. Reflections on temporal trends in water quality and climate 

variability at three degradation hotspots of leading rivers in India, in: B. Phartiyal, R. Mohan, S. Chakraborty, 

V. Dutta, A.K. Gupta (Eds.), Climate Change and Environmental Impacts: Past, Present and Future 

Perspective, Springer International Publishing, 2022, pp. 345–368, https://doi.org/10.1007/978-3-031-13119-

6_21. 

Barbieri M., Domenico M., Francesca B., Billi A., Boschetti T., Franchini S., Gori F. 2023. Climate change and its 

effect on groundwater quality, Environ. Geochem. Health 45 (4) (2023) 1133–1144, 

https://doi.org/10.1007/s10653-021-01140-5. 

Beckmann J. Winkelmann R. 2022. Effects of extreme melt events on ice flow and sea level rise of the Greenland 

Ice Sheet, Cryosphere Discuss. (2022) 12–14. August.  

Cochand M., Molson J., Lemieux J.M. 2019. Groundwater hydrogeochemistry in permafrost regions (2019) 90–103, 

https://doi.org/10.1002/ppp.1998. November 2018. 

Congalton, R. G. and Green, K. (2019). Assessing the accuracy of remotely sensed data: Principles and practices 

(3rd ed.). CRC Press. 

Costa D., Zhang H., Levison J. 2021. Impacts of climate change on groundwater in the Great Lakes Basin: a review, 

J. Great Lake. Res. 47 (6) (2021) 1613–1625, https://doi.org/10.1016/j.jglr.2021.10.011. 

https://doi.org/10.1007/s12665-021-09733-2
https://doi.org/10.3390/w12010224
https://doi.org/10.1016/j.jhydrol.2020.125163
https://doi.org/10.1088/1748-9326/ac06e7
https://doi.org/10.1007/s10661-022-09805-z
https://doi.org/10.1007/978-3-031-13119-6_21
https://doi.org/10.1007/978-3-031-13119-6_21
https://doi.org/10.1007/s10653-021-01140-5
https://doi.org/10.1002/ppp.1998.%20November%202018
https://doi.org/10.1016/j.jglr.2021.10.011


2640  Umobi et al./ UNIZIK Journal of Engineering and Applied Sciences 5(2), 2630-2642 

 

De Giglio, O., Barbuti, G., Trerotoli, P., Brigida, S., Calabrese, A., Di Vittorio, G., Montagna, M.T. 2016. 

Microbiological and hydrogeological assessment of groundwater in southern Italy. Environmental monitoring 

and assessment, 188(11), 638. 

Doulgeris, C., Nikolaidis, N.P., Karatzas, G.P. 2023. Groundwater pollution under climate change: Integrated 

modeling approaches. Science of the Total Environment, 869, 161891. 

https://doi.org/10.1016/j.scitotenv.2023.161891 

Easterbrook, D.J. 2016. Evidence-based climate science: Data opposing CO2 emissions as the primary source of 

global warming. Elsevier 

Eze, P. E., Nnaemeka-Okeke, R.C., Ugwu, C.C. 2024. Assessing the influence of seasonal precipitation patterns on 

groundwater quality in the coal-rich environment of Enugu, Nigeria. Heliyon, 10(3), e05837. 

https://doi.org/10.1016/j.heliyon.2024.e05837  

FAO, 2016. Water Pollution from Agriculture: A global review. Rome: Food and Agriculture Organization of the 

United Nations. 

Giri, C. 2021. Remote Sensing of Land Use and Land Cover: Principles (p. 3). 2021. New York: CRC Press. 

International Institute for Environment and Technology Assessment (IIETA). (2023). Influence of rainfall variability 

on groundwater recharge in Nigeria. International Journal of Sustainable Development and Planning, 18(11), 

1234–1245. https://www.iieta.org/journals/ijsdp/paper/10.18280/ijsdp.181123  

Kassawmar, T., Dube, T., Adelabu, S.A. 2023. Mapping and monitoring land use/land cover changes using machine 

learning classifiers and remote sensing data. Remote Sensing Applications: Society and Environment, 32, 

100968. https://doi.org/10.1016/j.rsase.2023.100968 

Liu, X., Liu, M., Tian, H., Wang, X. 2022. Evaluating water body classification accuracy using Sentinel-2 MSI data: 

A comparison of pixel-based and object-based approaches. Journal of Applied Remote Sensing, 16(2), 1–18. 

https://doi.org/10.1117/1.JRS.16.024519 

Malakar P., Sarkar S., Mukherjee A., Bhanja S., Sun A.Y. 2021. cited in: Mukherjee A., Scanlon B.R., Aureli A., 

Langan S., Guo H., A.A. B, McKenzie T.-G.G. (Eds.), Chapter 40 - Use of Machine Learning and Deep 

Learning Methods in Groundwater, Elsevier, 2021, pp. 545–557.  

Maurizio Barbieri, Marino Domenico Barberio, Francesca Banzato, Andrea Billi, Tiziano Boschetti, Stefania 

Franchini, Francesca Gori, Marco Petitta. 2023. Climate change and its effect on groundwater quality Environ 

Geochem Health (2023) 45:1133–1144 https://doi.org/10.1007/s10653-021-01140-5 

Mishra, A.K., Singh, V.P., Yadav, M. 2021. Climate change impacts on groundwater resources: A comprehensive 

review. Environmental Earth Sciences, 80(2), 1–22. 

Mousazadeh M., Eftekhari M., Ostovari Y. 2019. Hydro-chemical assessment and GIS-mapping of groundwater 

quality parameters in semi-arid regions Afshin Honarbakhsh, Aliasghar Azma , Fahime Nikseresht (2019) 509–

522, https://doi.org/10.2166/aqua.2019.009. 

Nnaemeka-Okeke, R.C., Eze-Steven, P.E., Ugwu, C.C. 2019. Evaluating the impact of climate change on the quality 

of groundwater – Case study of a coal enriched environment in Enugu Urban. In S. Laryea & E. Essah (Eds.), 

Proceedings of the 10th West Africa Built Environment Research (WABER) Conference (pp. 536–550). Accra, 

Ghana. https://doi.org/10.33796/waberconference2019.37  

Obasi P.N. and Akudinobi B.B. 2020. Potential health risk and levels of heavy metals in water resources of lead–

zinc mining communities of Abakaliki, southeast Nigeria. Appl Water Sci 10(7):1–23 

Okeke, E.C., Chukwu, E.E., Agu, C.C. 2024. Assessment of groundwater quality influenced by seasonal rainfall 

variation in Enugu urban area, southeastern Nigeria. SN Applied Sciences, 6(1), Article 57. 

https://doi.org/10.1007/s42452-024-05837-x 

Omeka M.E. and Igwe O. 2023. Heavy metals concentration in soils and crop plants within the vicinity of 

abandoned mine sites in Nigeria: an integrated indexical and chemometric approach. Int J Environ Anal Chem 

103(16):4111–4129 

Oyeku, O.M., Adeyemi, D.A., Omole, D.O. 2024. Seasonal assessment of groundwater quality in Ibadan, Nigeria: A 

case for integrated urban water management. Environmental and Earth Sciences Research Journal, 9(3), 94–

104. https://doi.org/10.18280/eesrj.090305 

https://doi.org/10.1007/s10653-021-01140-5
https://doi.org/10.2166/aqua.2019.009
https://doi.org/10.18280/eesrj.090305


Umobi et al./ UNIZIK Journal of Engineering and Applied Sciences 5(2), 2630-2642       2641 

 

 
 

Quillet, A., Larocque, M., Pellerin, S., Cloutier, V., Ferlatte, M., Paniconi, C., Bourgault, M.A. 2017. The role of 

hydrogeological setting in two Canadian peatlands investigated through 2D steady-state groundwater flow 

modelling. Hydrological Sciences Journal, 62(15), 2541–2557. 

https://doi.org/10.1080/02626667.2017.1391387. 

Rahman, M.M., Hossain, M.A., Rahman, M.M. 2019. Impact of land use changes on groundwater quality: A case 

study in Dhaka, Bangladesh. Groundwater for Sustainable Development, 9, 100226. 

https://doi.org/10.1016/j.gsd.2019.100226. 

Rahmati, O., Pourghasemi, H.R., Kalantari, Z. 2022. Mapping groundwater contamination susceptibility using 

machine learning models. Environmental Modelling & Software, 146, 105238. 

https://doi.org/10.1016/j.envsoft.2021.105238 

Roy, D.P., Wulder, M.A., Loveland, T.R., Woodcock, C.E., Allen, R.G., Anderson, M.C., Zhu, Z. 2020. Landsat-8: 

Science and product vision for terrestrial global change research. Remote Sensing of Environment, 185, 137–

149. https://doi.org/10.1016/j.rse.2020.111745 

Saito, T., Taniguchi, M., Shimada, J. 2016. Temperature change affected groundwater quality in a confined marine 

aquifer during long-term heating and cooling. Journal of Hydrology, 538, 1–10. 

https://doi.org/10.1016/j.jhydrol.2016.04.001  

Santos F.D., Ferreira P.L., Pedersen J.S.T. 2022. The climate change challenge: a review of the barriers and 

solutions to deliver a Paris solution, Climate 10 (5) (2022) 1–32, https://doi.org/10.3390/cli10050075. 

Sawant S, Garg R.D., Meshram V, Mistry S. 2023. Sen-2 LULC: land use land cover dataset for deep learning 

approaches. Data Brief 51:109724. https://doi.org/10.1016/j.dib.2023.109724 

Schmitt, A. and Brisco, B. 2022. SAR remote sensing for land cover classification and change detection: A review. 

ISPRS Journal of Photogrammetry and Remote Sensing, 182, 284–300. 

https://doi.org/10.1016/j.isprsjprs.2021.10.003 

Sertel, E., Imamoglu, M.Z., Cuceloglu, G., Erturk, A. 2019. Impacts of Land Cover/Use Changes on Hydrological 

Processes in a Rapidly Urbanizing Mid-latitude Water Supply Catchment. Water, 11(5), 1075. 

https://doi.org/10.3390/w11051075 

Singh A.K., Roshni T, Singh V. 2024. Evaluating the association of food mapping with land use and land cover 

patterns in the Kosi River Basin (India). Acta Geophysica 0123456789. https://doi. org/10.1007/s11600-024-

01353-z 

Sulamo, M.A., Kassa, A.K., Roba, N.T. 2021. Evaluation of the impacts of land use/cover changes on water balance 

of Bilate watershed, Rift valley basin, Ethiopia.  

Unigwe C.O., Egbueri J.C., Omeka M.E. 2022. Geospatial and statistical approaches to nitrate health risk and 

groundwater quality assessment of an alluvial aquifer in SE Nigeria for drinking and irrigation purposes. J 

Indian Chem Soc 99(6):100479 

Usman, A.B., Lawal, A.F., Ajayi, O. 2021. Impacts of land use on groundwater quality in peri-urban Lagos, Nigeria. 

African Journal of Environmental Science and Technology, 15(6), 240–251. 

Wilopo W., Putra D.P.E., Hendrayana H. 2021. Impacts of precipitation, land use change and urban wastewater on 

groundwater level fluctuation in the Yogyakarta-Sleman Groundwater Basin, Indonesia, Environ. Monit. Assess. 

193 (2) (2021), https://doi.org/10.1007/s10661-021-08863-z 

Wu, J., Li, Y., Huang, X. 2020. The impact of land use change on groundwater quality in a karst area in China. 

Science of the Total Environment, 719, 137496. https://doi.org/10.1016/j.scitotenv.2020.137496 

Xu, Y., Yin, H., Zhang, Y., Liu, X. 2019. Impacts of urbanization on groundwater quality: a case study in a typical 

city in North China. Environmental Science and Pollution Research, 26, 28345–28360. 

Yahaya, T.O., Oladele, E.O., Fatodu, I.A., Abdulazeez, A., Yeldu, Y. I. 2021. The concentration and health risk 

assessment of heavy metals and microorganisms in the groundwater of Lagos, Southwest Nigeria. arXiv 

preprint arXiv:2101.04917. https://arxiv.org/abs/2101.04917  

Yuan, Y., Jin, X., Lee, J. 2020. Impacts of land use changes on hydrology in urbanizing watersheds: A case study of 

Gwacheon, Korea. Water, 12(4), 1170. https://doi.org/10.3390/w12041170 

https://doi.org/10.1080/02626667.2017.1391387
https://doi.org/10.1016/j.gsd.2019.100226
https://doi.org/10.1016/j.envsoft.2021.105238
https://doi.org/10.3390/cli10050075
https://doi.org/10.1016/j.dib.2023.109724
https://doi.org/10.3390/w11051075
https://doi.org/10.1007/s10661-021-08863-z


2642  Umobi et al./ UNIZIK Journal of Engineering and Applied Sciences 5(2), 2630-2642 

 

Zhang, Y., Guo, H., Zhang, Y. 2021. Influence of land use and land cover on groundwater nitrate pollution: A case 

study of Jilin Province, China. Environmental Monitoring and Assessment, 193(3), 1–17. 

https://doi.org/10.1007/s10661-021-08949-y 

Zhang, W., Zhang, Y., Wang, X., Cheng, G. 2018. Effects of land use/cover change on groundwater quality in a 

semi-arid area of China. Hydrological Processes, 32(9), 1265–1278. https://doi.org/10.1002/hyp.11476 

https://doi.org/10.1002/hyp.11476

