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Abstract 

This study examines the interplay between climate variability and soil moisture dynamics in 

the South-South region of Nigeria, focusing on their impacts on vegetation and agricultural 

productivity. Using long-term temperature, precipitation, and soil moisture datasets from 

2000 to 2020, the research identifies significant trends and anomalies through statistical 

methods such as the Mann-Kendall trend test and Sen’s slope estimator. Cross-wavelet 

analysis was employed to explore the relationships among climate variables and their 

combined influence on vegetation dynamics. The findings reveal a clear link between soil 

moisture variability and climatic conditions, emphasizing the critical role of soil moisture in 

moderating vegetation response to changes in precipitation and temperature. The study 

highlights the seasonal nature of soil moisture dynamics, with higher moisture retention 

during wet seasons supporting robust vegetation growth and lower levels during dry seasons 

exacerbating vegetation stress. It also identifies feedback mechanisms between soil moisture 

and atmospheric conditions, where variations in soil moisture influence local precipitation 

patterns and vegetation resilience. Furthermore, the impact of extreme weather events, such 

as floods and droughts, underscores the need for adaptive strategies to mitigate their effects 

on agriculture and water resources. Recommendations include promoting sustainable 

agricultural practices, enhancing soil moisture retention through agroforestry and improved 

irrigation, strengthening early warning systems for extreme weather events, and adopting 

remote sensing technologies for monitoring and resource management. By addressing the 

challenges posed by climate variability, these strategies aim to enhance resilience and 

support sustainable development in the region. This research provides a comprehensive 

framework for understanding the interconnections between climate, soil moisture, and 

vegetation, offering valuable insights for policymakers and stakeholders to develop targeted 

interventions in the face of a changing climate. 
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1.0 INTRODUCTION  

Climate variability significantly influences soil moisture dynamics, particularly in regions 

like South-South Nigeria, where the interplay of climatic factors and soil characteristics can 

lead to pronounced effects on agricultural productivity and ecosystem health. Soil moisture is 

a critical component of the hydrological cycle, acting as a mediator between precipitation and 

vegetation health, and its variability is influenced by a multitude of factors including 

temperature, land cover, and atmospheric conditions (Roux et al., 2013; Ghajarnia et al., 

2020). In the context of South-South Nigeria, understanding these dynamics is essential for 

effective land management and agricultural practices, especially given the region's 

vulnerability to climate change. The spatio-temporal variability of soil moisture is a well-

documented phenomenon, shaped by local climatic conditions, soil heterogeneity, and 

vegetation cover (Ghajarniaet al., 2020; Mittelbach and Seneviratne, 2012; Ekness and 

Randhir, 2015). In South-South Nigeria, the region's diverse topography and climatic 

conditions contribute to significant variations in soil moisture levels. For instance, areas with 

high vegetation cover tend to retain moisture better than those with sparse vegetation, 

highlighting the importance of land cover in moisture dynamics (Schwingshackl et al., 2018; 

Myeni et al., 2021). Moreover, the seasonal patterns of rainfall in the region, characterized by 

distinct wet and dry seasons, further complicate the soil moisture dynamics, necessitating a 

nuanced understanding of these interactions for effective agricultural planning 

(Vezhapparambu et al., 2019; Lorenz et al., 2016’ Uguru et al., 2022). 

 

Research has shown that soil moisture plays a pivotal role in regulating surface temperature 

and precipitation patterns, particularly in tropical regions (Zhang et al., 2011; Ardilouze et 

al., 2018; Carón et al., 2014). In the South-South region, the coupling between soil moisture 

and atmospheric conditions can lead to feedback loops that exacerbate climate variability. For 

example, increased soil moisture can enhance local evaporation rates, which in turn can 

influence cloud formation and precipitation patterns, creating a complex interplay that can 

lead to extreme weather events (Wing et al., 2016; Berg et al., 2014; Salley et al., 2016). This 

feedback mechanism is particularly relevant in the context of climate change, as shifts in 

temperature and precipitation patterns are likely to alter soil moisture dynamics, with 

potential implications for agricultural productivity and water resource management (Song et 

al., 2019; Li et al., 2019; Wang et al., 2018). The role of soil moisture in the hydrological 

cycle cannot be overstated; it is a key variable that influences not only local ecosystems but 

also broader climatic patterns (Krakauer et al., 2010; Zhu et al., 2019; Liu, 2023). 

 

In South-South Nigeria, where agriculture is a primary livelihood, understanding the 

relationship between soil moisture and crop yield is critical. Studies have indicated that 

fluctuations in soil moisture can significantly impact crop growth and yield, particularly in 

regions that experience irregular rainfall patterns (Das and Maity, 2014; Saeed et al., 2013; 

Han et al., 2020). Furthermore, the persistence of soil moisture anomalies can affect seasonal 

weather forecasts, complicating agricultural planning and resource allocation (Li et al., 2019; 

Senanayake et al., 2022). In addition to its direct effects on vegetation and agriculture, soil 

moisture also interacts with groundwater levels and surface runoff, influencing the overall 

hydrological balance in the region (Ghajarnia et al., 2020; Agrawal & Chakraborty, 2020; 

Fernandez-Long et al., 2020). The interplay between soil moisture and these hydrological 

components is particularly crucial in the context of flood and drought management, as 

changes in soil moisture can lead to significant variations in runoff and groundwater recharge 

(Ekness & Randhir, 2015; Urban et al., 2015; Morrison & Wagner, 2020). In South-South 

Nigeria, where flooding is a recurrent issue, understanding these dynamics is essential for 

developing effective flood management strategies. 
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The integration of remote sensing technologies has enhanced our ability to monitor soil 

moisture dynamics over large spatial scales, providing valuable data for understanding 

climate variability (Song et al., 2021; Blank et al., 2023). In South-South Nigeria, satellite-

derived soil moisture data can complement ground-based observations, offering insights into 

the spatial distribution and temporal changes in soil moisture across different land cover 

types and climatic conditions (Huang et al., 2022; Guo et al., 2016). This technological 

advancement is particularly important for regions with limited ground-based monitoring 

infrastructure, as it enables researchers and policymakers to make informed decisions 

regarding land and water management.Moreover, the implications of climate change on soil 

moisture dynamics in South-South Nigeria are profound. Projections indicate that rising 

temperatures and altered precipitation patterns will likely exacerbate soil moisture variability, 

leading to increased incidences of drought and flooding. Understanding these trends is critical 

for developing adaptive strategies that can mitigate the impacts of climate change on 

agriculture and natural ecosystems in the region. For instance, implementing sustainable land 

management practices that enhance soil moisture retention can help buffer against the adverse 

effects of climate variability (Li and Rodell, 2013; Dirmeyer and Norton, 2018). 

 

2.0 MATERIALS AND METHODS  

2.1 Data Sources 

The study of soil moisture dynamics and climate analysis in South-South Nigeria necessitates 

the integration of various data sources to ensure comprehensive and accurate results. Primary 

data sources include meteorological stations, satellite imagery, and hydrological models. 

Meteorological data, particularly rainfall and temperature records, are crucial for 

understanding climatic conditions and their impact on soil moisture. The Climate Hazards 

Group Infrared Precipitation with Station data (CHIRPS) and other satellite-based rainfall 

products have been evaluated for their performance in Nigeria, demonstrating varying 

degrees of accuracy and reliability in capturing precipitation patterns across different regions 

(Ogbuet al., 2020; Agbonaye and Izinyon, 2021; Usman et al., 2018). These satellite datasets 

provide a spatially distributed view of rainfall, which is essential for hydrological modeling 

in data-sparse regions like South-South Nigeria.In addition to rainfall data, temperature 

records are vital for modeling evapotranspiration and understanding the thermal dynamics 

affecting soil moisture. The integration of temperature data from multiple sources, including 

ground stations and satellite observations, enhances the robustness of climate analysis (Ogbu 

et al., 2020). Furthermore, soil moisture data can be derived from remote sensing techniques, 

which allow for the monitoring of soil moisture at various depths and spatial resolutions, 

providing insights into moisture availability for agricultural practices (Odusanya et al., 2019; 

Okeola et al., 2023). Geographical Information Systems (GIS) play a pivotal role in 

managing and analyzing spatial data. By integrating topographic, hydrological, and land use 

data, GIS facilitates the assessment of how these factors influence soil moisture and 

hydrological processes in the region (Adeogun et al., 2023; Adeogun et al., 2014). The use of 

GIS in conjunction with hydrological models, such as the Soil and Water Assessment Tool 

(SWAT), allows for the simulation of water balance components and the evaluation of 

management strategies for sustainable water resource use (Odusanya et al., 2019; Adeogun et 

al., 2023; Adeogun et al., 2014).The study employed a combination of primary and 

secondary data. Satellite-based remote sensing products, such as MODIS (Moderate 

Resolution Imaging Spectroradiometer) and Landsat imagery, were utilized to extract 

vegetation health indicators, including the Normalized Difference Vegetation Index (NDVI). 

Climatic data, including precipitation, air temperature, and soil moisture levels, were sourced 

from global databases such as the ERA5 reanalysis dataset and NASA’s POWER Climate 
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Data. Ground truthing and in-situ measurements were conducted at selected locations to 

validate remotely sensed data and ensure accuracy. 

 

2.2 Soil Moisture Modeling 

Soil moisture dynamics were modeled using data derived from satellite-based soil moisture 

products like SMAP (Soil Moisture Active Passive) and AMSR-E (Advanced Microwave 

Scanning Radiometer). The Temperature-Vegetation Dryness Index (TVDI) was applied to 

assess moisture variability across different ecological zones. Correlation and regression 

analyses were performed to determine the relationships between soil moisture and vegetation 

health indicators, incorporating local factors such as soil type and land use patterns. Soil 

moisture modeling is a critical component of hydrological studies, particularly in regions 

susceptible to climate variability and extreme weather events. Studies have demonstrated the 

effectiveness of satellite-based evapotranspiration data in calibrating SWAT models, 

enhancing the model's predictive capabilities in data-sparse regions (Odusanya et al., 2019; 

Sholagberu, 2016; Adeogun et al., 2023). Additionally, the use of remote sensing data allows 

for the continuous monitoring of soil moisture, providing real-time insights into moisture 

availability and its implications for agricultural productivity and water management 

(Odusanya et al., 2019; Okeola et al., 2023). In South-South Nigeria, the modeling of soil 

moisture must consider the unique climatic and geographical characteristics of the region 

(Figure 1). The interplay between rainfall patterns, temperature fluctuations, and soil 

properties significantly influences moisture retention and availability. For instance, the 

seasonal variability of rainfall and the impact of land use changes on soil moisture dynamics 

are critical factors that need to be integrated into the modeling framework (Merem et al., 

2019; Agbonaye and Izinyon, 2021; Adeogun et al., 2023). 

 

 
Figure 1: Soil Types in South-south Region of Nigeria 
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2.3 Climate Analysis 

Climate variability in the South-South region of Nigeria was assessed using long-term 

temperature and precipitation data from 2000 to 2020. Temporal trends were analyzed using 

the Mann-Kendall trend test and Sen's slope estimator, while seasonal and annual anomalies 

were mapped to identify shifts in climatic patterns. Cross-wavelet analysis was applied to 

investigate the interactions between soil moisture, precipitation, and temperature, 

emphasizing their combined influence on vegetation dynamics. This approach offers a robust 

framework for examining the relationships between climate variables and soil moisture, 

providing critical insights into ecological responses to changing climatic conditions. The 

study of climate trends in the South-South region involves analyzing long-term temperature 

and precipitation data to understand their effects on soil moisture and agricultural practices. 

Historical climate datasets are examined to detect significant trends, which are essential for 

assessing the region's susceptibility to climate change (Merem et al., 2019; Agbonaye and 

Izinyon, 2021). For instance, analyses of rainfall variability reveal notable fluctuations that 

can influence agricultural output and water resource management (Usman et al., 2018). 

Statistical tools and climate models, such as General Circulation Models (GCMs), have been 

employed to project future climatic conditions, offering insights into how potential changes 

in precipitation patterns may affect water availability and hydrological processes (Dembélé et 

al., 2022). Additionally, examining extreme weather events, including floods and droughts, is 

critical for formulating adaptive strategies to mitigate their impacts on agriculture and water 

resources. Identifying trends in extreme precipitation and their relationship with soil moisture 

can help inform policymakers and stakeholders about the need for enhanced water 

management and infrastructure development (Merem et al., 2019). These efforts are vital for 

ensuring sustainable agricultural practices and resource management in the face of climate 

variability. 

 

2.4 Soil and Vegetation 

The South-South region of Nigeria, consisting of six states—Akwa Ibom, Bayelsa, Cross 

River, Delta, Edo, and Rivers—is distinguished by its unique combination of soil types and 

vegetation, shaped by the area’s climate and geographic features. The region's humid tropical 

climate supports a rich array of plant and animal life, making it one of the country's 

ecologically significant zones (Uguru et al., 2024). Soils in this area are primarily alluvial 

and hydromorphic, with varying fertility levels influenced by proximity to water sources such 

as the Niger River and the Atlantic Ocean. These soils play a vital role in the region’s 

agricultural economy. The dominant vegetation in the South-South includes tropical 

rainforests, which gradually transition into mangrove forests along the coast. The rainforest is 

highly biodiverse, providing habitat for various tree species, shrubs, and wildlife. Mangrove 

forests, particularly prominent in Bayelsa and Rivers States, are critical for coastal protection 

and serve as breeding grounds for numerous marine species. The region's wetlands further 

contribute to its ecological wealth, supporting biodiversity and sustaining local fisheries 

(Enuoh and Ogogo, 2018). High organic matter from dense vegetation contributes to the 

generally fertile soils of the South-South region. However, agricultural activities, especially 

the cultivation of oil palm, cassava, and rice, have led to soil depletion in some areas. 

Environmental damage from oil exploration and production, including soil contamination 

from spills and gas flaring, has further degraded the ecosystem, threatening both agricultural 

productivity and environmental sustainability (Adesina et al., 2020; Enuoh and Ogogo, 

2018). Agriculture in the region includes both subsistence and commercial farming, with 

mixed cropping systems combining legumes, tubers, cereals, and cash crops. These practices 

support food security and economic resilience. However, the use of traditional farming 



 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 10, Issue 11 (November, 2024) | www.ijaar.org  

 

6 

methods and challenges like flooding and erosion—exacerbated by climate change—raise 

concerns about the long-term sustainability of agriculture in the region (Tinubu et al., 2019). 

 

Efforts to address vegetation degradation have increasingly focused on sustainable practices, 

such as agroforestry and reforestation, aimed at restoring degraded lands and preserving 

biodiversity. Combining indigenous ecological knowledge with modern agricultural 

techniques is being explored as a way to ensure sustainable land management in the 

region.The South-South’s ecological diversity also makes it a priority for conservation 

efforts. Programs targeting biodiversity protection, particularly in protected areas like Cross 

River National Park, aim to balance environmental preservation with the livelihoods of local 

communities (Enuoh and Ogogo, 2018). In summary, the South-South region’s ecological 

and agricultural landscape is shaped by its climatic and human factors. While the area boasts 

abundant biodiversity and fertile soils that drive agriculture, it faces pressing environmental 

challenges from oil activities and unsustainable land use. Ensuring the ecological 

sustainability of the region will require adopting sustainable agricultural methods and 

conservation strategies that harmonize environmental protection with community 

development 

 

3.0 RESULTSAND DISCUSSION 

 

3.1 Air Temperature  

In 2000, the minimum temperature recorded was 21.87°C, while the maximum reached 

27.59°C. This baseline indicates relatively moderate temperatures for the region, with a 

difference of 5.72°C between the minimum and maximum (Figure 2). This year sets a 

reference point for tracking temperature changes in the following years. 

 
Figure 2: Mean Air Temperature Across States in the South - south region in 2000 

 

By 2003, there was a slight rise in both the minimum and maximum temperatures, with the 

minimum increasing to 22.17°C and the maximum to 27.77°C. The rise of 0.30°C in the 
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minimum temperature suggests warmer nights or cooler periods, while the increase in the 

maximum of 0.18°C points to slightly hotter days. These changes suggest a gradual warming 

trend, which aligns with regional and global climate patterns. In 2006, the minimum 

temperature increased to 22.28°C, and the maximum reached 27.99°C. Both the minimum 

and maximum temperatures continued their upward trend, with the maximum rising more 

significantly. This increase reflects a continued warming of the region, with more pronounced 

temperature extremes during the hottest parts of the day. The narrowing range between the 

minimum and maximum temperatures suggests more stable but slightly hotter conditions 

overall. In 2009, the minimum temperature slightly decreased to 22.26°C, while the 

maximum dropped to 27.84°C (Figure 3). The small decrease in the maximum temperature 

might reflect short-term climatic variations, such as increased cloud cover or rainfall, leading 

to less extreme daytime heat. However, the minimum temperature remained stable, 

suggesting that nighttime or cooler period temperatures were still high, maintaining the 

overall warming trend. 

 
Figure 3: Mean Air Temperature Across States in the South - south region in 2009 

 

A noticeable change occurred in 2012, with the minimum temperature dropping to 21.89°C 

and the maximum to 27.47°C. The decline in both values indicates a cooler year compared to 

the preceding period. This shift may have been influenced by local climatic conditions such 

as increased rainfall or a temporary cooling event. Despite the overall warming trend, this 

year stands out as an anomaly with lower temperature extremes. In 2015, temperatures began 

to rise again, with the minimum temperature increasing to 22.19°C and the maximum to 

27.86°C. This recovery from the cooler 2012 values suggests the resumption of the warming 

trend seen earlier in the decade. The return to higher minimum and maximum temperatures 

indicates a consistent warming trajectory, likely driven by factors such as deforestation and 

urbanization in the region. The year 2017 marked a significant increase in both minimum and 

maximum temperatures. The minimum temperature rose to 22.48°C, while the maximum 

reached 28.21°C (Figure 4). This year recorded some of the highest temperature extremes, 

with the maximum exceeding 28°C for the first time. The increased maximum suggests hotter 

days, while the higher minimum points to warmer nights or cooler periods, indicating that 

overall temperatures were higher across all times of day. In 2020, the South-South region 
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recorded its highest minimum and maximum temperatures over the two decades, with the 

minimum reaching 22.57°C and the maximum climbing to 28.38°C. The maximum 

temperature in 2020 is the highest in the entire dataset, signifying more intense heat during 

the day. The rise in the minimum temperature to 22.57°C also suggests that nights or cooler 

periods were warmer than in previous years. This increase in both minimum and maximum 

temperatures underscores the region's vulnerability to ongoing global warming, with potential 

impacts on agriculture, health, and local ecosystems. 

 

 
Figure 4: Mean Air Temperature Across States in the South - south region in 2017 

 

3.2 Precipitation 

2000: Moderate Minimum and Maximum Precipitation 

In 2000, the South-South geopolitical zone experienced a minimum daily rainfall of 1.45 mm 

and a maximum of 5.39 mm. The gap between these values suggests moderate variation in 

rainfall patterns during this year (Figure 5). The minimum rainfall indicates a relatively low 

level of precipitation on certain days, while the maximum value of 5.39 mm signifies 

significant rainfall on peak days. This range reflects a generally balanced distribution of 

rainfall, where neither extremely low nor very high precipitation events dominated the region 

during this period. By 2003, both the minimum and maximum daily rainfall values saw a 

slight decline, with the minimum recorded at 1.04 mm and the maximum at 5.22 mm. The 

reduction in both parameters suggests a decrease in the overall intensity of rainfall compared 

to 2000. Although the difference between the minimum and maximum values remained 

similar, the lowered figures point to a year characterized by less extreme rainfall events. This 

could indicate milder weather conditions and a lesser risk of both droughts and flooding. In 

2006, there was an increase in the maximum daily rainfall to 5.82 mm, while the minimum 

value rose slightly to 1.32 mm (Figure 6). This indicates a moderate increase in rainfall 

intensity, with higher peak rainfall days. The maximum value of 5.82 mm suggests more 

significant rain events than in previous years, potentially leading to localized flooding or 

heavy rain days. The slight increase in the minimum value, however, still suggests that some 

days experienced low rainfall, maintaining variability in precipitation. 
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Figure 5: Mean Precipitation Across States in the South - south region in 2000 

 

 
Figure 6: Mean Precipitation Across States in the South - south region in 2006 
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The year 2009 saw a significant jump in maximum rainfall, reaching 6.88 mm, while the 

minimum stayed relatively stable at 1.35 mm. This substantial increase in maximum rainfall 

points to the occurrence of heavier rain events, which may have had implications for flooding 

risks and water resource management in the region. The minimum value remaining stable 

suggests that while peak rainfall days became much more intense, lower precipitation days 

did not change significantly, preserving variability. In 2012, there was an interesting shift, 

with the minimum daily rainfall rising to 1.55 mm, the highest recorded in the 20-year period, 

while the maximum rainfall dropped to 5.14 mm. This suggests that while low precipitation 

days saw an increase in rainfall, extreme rainfall events became less frequent compared to 

2009. The increased minimum indicates more consistent rainfall, reducing the occurrence of 

very dry days, but the decrease in maximum rainfall reflects a reduction in very intense rain 

events. By 2015, the maximum rainfall reached its peak for the entire period at 7.01 mm, 

while the minimum value slightly decreased to 1.34 mm (Figure 7). This record-high 

maximum rainfall indicates that 2015 experienced some of the most intense rain events in the 

South-South zone over the two-decade span. Such extreme rainfall could have led to 

challenges such as flash floods and infrastructure strain. The lower minimum suggests that 

while some days had extremely heavy rain, others remained relatively dry, maintaining a 

wide variability. 

 
Figure 7: Mean Precipitation Across States in the South - south region in 2015 

 

In 2017, the minimum rainfall value was recorded at 1.22 mm, a slight decrease from 

previous years, while the maximum rainfall reached 6.68 mm. This year is marked by a 

relatively wide gap between the minimum and maximum values, suggesting both dry and 

extremely wet days. The high maximum rainfall indicates continued occurrences of 

significant rain events, while the lower minimum points to periodic dry conditions. In 2020, 

the minimum rainfall remained stable at 1.23 mm, while the maximum dropped significantly 

to 5.38 mm. The reduced maximum suggests that extreme rainfall events were less frequent 

compared to the peak years like 2015. However, the stable minimum value reflects consistent 
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rainfall on drier days. This could indicate a more moderate rainfall distribution, with fewer 

extremes, providing a more balanced hydrological cycle in the region for that year. 

 

3.3 Soil Moisture 

In 2000, the minimum soil moisture recorded was 0.17 m³/m³, while the maximum value 

reached 0.46 m³/m³. This range reflects moderate soil moisture conditions, indicating that the 

region experienced relatively balanced moisture levels (Figure 8). The maximum of 0.46 

suggests significant water retention capacity during certain periods, while the minimum of 

0.17 suggests that some areas were prone to drying out more quickly. 

 
Figure 8: Mean Soil Moisture Across States in the South - south region in 2000 

 

By 2003, there was an increase in the maximum soil moisture to 0.47 m³/m³, while the 

minimum remained steady at 0.17 m³/m³. The increase in the maximum value suggests 

slightly higher moisture retention compared to 2000, indicating that certain regions received 

more substantial precipitation or retained moisture better during this period. In 2006, the 

minimum soil moisture rose slightly to 0.174 m³/m³, while the maximum remained constant 

at 0.47 m³/m³. The increase in the minimum suggests more consistent moisture availability 

across the region, signaling less variability in soil drying and moisture retention compared to 

earlier years. The year 2009 saw an increase in the minimum soil moisture to 0.18 m³/m³, 

while the maximum remained stable at 0.47 m³/m³. The rise in the minimum moisture value 

indicates that the soil across the South-South geopolitical zone retained higher moisture 

levels throughout the year. This year shows relatively high overall moisture content, with 

both minimum and maximum values being among the highest observed. Similar to 2009, 

2012 maintained a minimum soil moisture of 0.18 m³/m³ and a maximum of 0.47 m³/m³. The 

consistency in both minimum and maximum values between 2009 and 2012 suggests stable 
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moisture conditions during this period, indicating no significant fluctuations in soil moisture 

retention across the region. In 2015, the minimum soil moisture remained at 0.18 m³/m³, but 

the maximum dropped slightly to 0.45 m³/m³ (Figure 9). The decrease in maximum soil 

moisture may indicate a reduction in overall precipitation or changes in soil properties, 

reducing the ability of certain areas to retain as much water as in previous years. 

 
Figure 9: Mean Soil Moisture Across States in the South - south region in 2015 

 

The year 2017 saw the minimum soil moisture decrease slightly to 0.17 m³/m³, while the 

maximum remained steady at 0.46 m³/m³. This minor reduction in minimum moisture reflects 

a slight increase in variability, with some areas experiencing slightly drier conditions 

compared to the previous years. In 2020, the minimum soil moisture further decreased to 0.16 

m³/m³, while the maximum also dropped to 0.45 m³/m³. The decrease in both minimum and 

maximum values suggests drier conditions across the region compared to earlier years, 

indicating that soil moisture retention may have been less efficient or that the area received 

less precipitation during this period. 

 

The comprehensive the soil moisture data for the South-South region of Nigeria from 2000 to 

2020 is presented in Table 1. Table 1 demonstrates fluctuations in minimum, maximum, 

mean, and standard deviation (SD) values, reflecting the interplay of climatic and 

environmental factors. These variations highlight the sensitivity of soil moisture to changes in 

precipitation, temperature, and land-use practices, which have significant implications for 

agriculture, water resource management, and ecosystem stability. 
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Table 1: Variation in soil moisture (m
3
/m

3
) in South-South Region of Nigeria from 2000 to 

2020 

 

Year Min Max Mean SD 

2000 0.17 0.46 0.315 0.084 

2003 0.17 0.47 0.320 0.087 

2006 0.174 0.47 0.322 0.085 

2009 0.18 0.47 0.325 0.084 

2012 0.18 0.47 0.325 0.084 

2015 0.18 0.45 0.315 0.078 

2017 0.17 0.46 0.315 0.084 

2020 0.16 0.45 0.305 0.084 

Researcher’s analysis 2024 

 

Trend Analysis 

The minimum soil moisture values range from 0.16 m³/m³ (2020) to 0.18 m³/m³ (2009, 2012, 

and 2015). The decline to 0.16 m³/m³ in 2020 indicates drier conditions in some areas, 

potentially due to reduced precipitation or increased evaporation rates. The relatively higher 

minimum values in earlier years suggest more consistent baseline moisture levels, which 

could support vegetation during dry periods. Maximum soil moisture values range from 0.45 

m³/m³ (2015 and 2020) to 0.47 m³/m³ (2003, 2006, 2009, and 2012). The slight decline in 

maximum values after 2012 suggests reduced soil water retention capacity, possibly due to 

changes in rainfall patterns, soil degradation, or increased land use intensity. The mean soil 

moisture shows a slight increase from 0.315 m³/m³ (2000) to a peak of 0.325 m³/m³ (2009 

and 2012), followed by a gradual decline to 0.305 m³/m³ in 2020. The decline in mean soil 

moisture after 2012 suggests drier overall conditions, likely driven by a combination of lower 

precipitation and higher temperatures. The SD values remain relatively stable, ranging from 

0.078 (2015) to 0.087 (2003), indicating consistent variability in soil moisture levels over the 

years. The lower SD in 2015 reflects less variability in soil moisture, potentially due to 

uniform rainfall distribution or homogeneous soil conditions during that year. 

 

Similarly, the comprehensive precipitation data for the South-South region of Nigeria, over 

two decades (2000–2020) reveals significant variability in daily rainfall patterns is presented 

in Table 2. These variations highlight the complexity of rainfall distribution and its potential 

implications for agriculture, water resource management, and ecosystem stability in the 

region. The minimum daily precipitation fluctuates between 1.04 mm (2003) and 1.55 mm 

(2012). This variation indicates that the region experienced dry days across all years, with 

2003 being the driest. The relatively higher minimum in 2012 suggests fewer extremely dry 

days, which could have been influenced by increased baseline moisture levels or consistent 

rainfall. The maximum precipitation ranges from 5.14 mm (2012) to 7.01 mm (2015), 

showing a steady increase in peak rainfall events up until 2015. The peak in 2015 suggests 

that extreme rain events became more pronounced, potentially linked to localized heavy 

storms or climate-driven anomalies. A decline in maximum precipitation in subsequent years, 

such as 2020 (5.38 mm), reflects less intense rainfall events during those periods. The mean 

daily precipitation values range from 3.13 mm (2003) to 4.18 mm (2015), revealing 

variations in average rainfall distribution. A dip in the mean in 2003 indicates lower overall 

rainfall, while the peak in 2015 highlights a year of significantly wetter conditions, possibly 

tied to increased storm activity or prolonged rainy seasons. The SD, which measures the 

variability of daily precipitation, fluctuates from 0.90 mm (2012) to 1.42 mm (2015). A 

higher SD, particularly in 2015, reflects a broader range of rainfall intensities, including more 
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extreme weather events. In contrast, a lower SD in 2012 indicates more consistent daily 

rainfall, with fewer extreme variations. 

 

Table 2: Variation in, Precipitation (mm/day) in South-South Region of Nigeria from 2000 to 

2020 

Year Min Max Mean SD 

2000 1.45 5.39 3.42 0.98 

2003 1.04 5.22 3.13 1.05 

2006 1.32 5.82 3.57 1.12 

2009 1.35 6.88 4.12 1.38 

2012 1.55 5.14 3.34 0.90 

2015 1.34 7.01 4.18 1.42 

2017 1.22 6.68 3.95 1.36 

2020 1.23 5.38 3.31 1.05 

Researcher’s analysis 2024 

 

3.4 The Role of Soil Moisture in Moderating Vegetation Response to Climate 

Soil moisture serves as a vital regulator in the interaction between climatic variables and 

vegetation dynamics. In the South-South region of Nigeria, this relationship is particularly 

critical due to the region’s reliance on agriculture and the prevalence of climate variability. 

Soil moisture acts as a buffer, mitigating the impacts of extreme weather conditions by 

maintaining water availability for vegetation, even during periods of low precipitation. This 

capacity underscores its importance in sustaining plant growth and ecosystem health in the 

face of climatic fluctuations. The findings in this study indicate that soil moisture levels are 

closely linked to precipitation and temperature trends, with significant implications for 

vegetation responses. For instance, during periods of high rainfall, soil moisture retention 

supports robust vegetation growth by providing essential hydration for root systems. 

Conversely, during drier conditions or extended periods of high temperatures, reduced soil 

moisture levels can exacerbate vegetation stress, leading to declines in productivity and 

biodiversity. The temporal trends observed in the region highlight that shifts in soil moisture 

availability are a critical factor influencing vegetation resilience to climate variability.  

Seasonal variations in soil moisture further illustrate its moderating role. During the wet 

season, the increased soil water content facilitates rapid vegetation growth and higher 

photosynthetic activity. In contrast, the dry season exposes plants to water stress, particularly 

in areas where soil moisture retention is low.  

 

This dynamic underscores the need for effective land management practices that enhance soil 

moisture retention, such as mulching, agroforestry, and improved irrigation techniques. These 

strategies can help maintain vegetation productivity, even under adverse climatic conditions. 

The coupling between soil moisture and atmospheric conditions also creates feedback loops 

that influence vegetation responses. For example, elevated soil moisture levels enhance local 

evaporation, contributing to cloud formation and potentially increasing rainfall. This self-

reinforcing mechanism can stabilize vegetation dynamics during transitional climatic phases. 

However, prolonged deviations in soil moisture—either excess or deficit—can disrupt this 

balance, leading to adverse ecological outcomes, such as soil erosion, reduced plant cover, 

and habitat loss. The study also emphasizes the role of soil moisture in moderating extreme 

climatic events. During floods, adequate soil moisture capacity can reduce runoff and prevent 

erosion, protecting vegetation cover. Similarly, during droughts, residual soil moisture can 

sustain vegetation for longer periods, mitigating the immediate impacts of water scarcity. 

These functions are critical for maintaining ecosystem stability in the South-South region, 
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where climatic extremes are becoming more frequent due to global climate change. In 

conclusion, soil moisture is a cornerstone in the complex interplay between climate and 

vegetation in the South-South region of Nigeria. Its ability to regulate water availability, 

support vegetation growth, and influence local climatic feedback mechanisms makes it 

indispensable for sustaining agricultural productivity and ecological resilience. Future 

conservation and land management initiatives must prioritize strategies that enhance soil 

moisture retention and mitigate the adverse impacts of climate variability on vegetation. 

 

4.0 CONCLUSION 

The analysis of climate variability and soil moisture dynamics in the South-South region of 

Nigeria underscores the profound impact of changing climatic patterns on ecosystems, 

agriculture, and water resources. Increasing temperatures, fluctuating precipitation, and 

declining soil moisture trends collectively pose significant challenges to the region’s 

environmental and socioeconomic sustainability. To address these issues effectively, adaptive 

strategies and resource management practices must be prioritized to enhance resilience and 

ensure sustainable development. 

 

Recommendations 

i. Implement sustainable agricultural practices, such as conservation tillage, mulching, 

and the use of cover crops, to improve soil structure and moisture retention. 

ii. Promote agroforestry systems that integrate trees and crops to maintain soil stability 

and reduce water loss through evapotranspiration. 

iii. Develop irrigation systems tailored to local climatic conditions, including the 

adoption of drip irrigation and rainwater harvesting to optimize water use efficiency. 

iv. Encourage the cultivation of drought-tolerant and water-efficient crop varieties to 

mitigate the impacts of irregular rainfall and prolonged dry spells. 

v. Provide training and support for farmers to adopt climate-smart agricultural practices, 

including soil and water conservation techniques. 

 

By implementing these recommendations, the South-South region of Nigeria can better adapt 

to the challenges posed by climate variability while safeguarding its natural resources and 

supporting its agricultural and ecological systems. A coordinated effort among stakeholders 

will be essential to achieve sustainable development and resilience in the face of a changing 

climate. 
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