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Comparative assessment of climatic variability across Rivers and Bayelsa States of Nigeria
Abstract:
This research evaluates long-term climatic variability across Rivers and Bayelsa States of Nigeria. A 65-year data set (1958–2023) comprising rainfall and temperature records obtained from the Climatic Research Unit (CRU) and the Nigerian Meteorological Agency (NIMET) was analyzed using statistical and geospatial techniques, including Mann–Kendall, Spearman’s Rho, linear regression, and GIS mapping. Results reveal a statistically significant decreasing trend in rainfall and a corresponding increasing trend in temperature across states at a significance level of α < 0.01. Change point analysis indicates major shifts in rainfall and temperature patterns around the early 1980s. The first climatic period (1958–1987) recorded higher rainfall and lower temperature variability compared to the second period (1988–2023), which showed reduced rainfall and elevated temperature levels. Seasonal analysis further confirms declining rainfall and increasing temperature trends, with implications for water resource availability, flood risk, and agricultural productivity. The study highlights the growing vulnerability of Nigeria’s coastal regions to climate change and underscores the need for adaptive water resource management strategies.
Keywords:Climate variability, rainfall trend, temperature trend, coastal Nigeria, Mann–Kendall
1.0	INTRODUCTION
Climate change refers to a change in the condition of the climate that can be distinguished (e.g. by statistical tests) by a variation in the mean and /or the variability of its characteristics that is sustained over a long period, usually decades or longer. According to Intergovernmental Panel on Climate Change IPCC (2007), climatic change was an occurrence where climatic conditions were rebalanced in a new equilibrium state where the values of the climate elements had significant changes. 
According to Obineche et al. (2021), precipitation constitutes the primary source of water, serving both groundwater recharge processes and the replenishment of surface water bodies. In situations where surface water resources are inadequate, rainwater often provides an alternative supply for domestic purposes. Adriano et al. (2011) further noted that in many regions characterised by substantial rainfall but lacking integrated and modern water supply infrastructure, rainwater has become a principal source of water. Two of the most vital variables in climate sciences and hydrology are precipitation and air temperature. Precipitation plays a very important role in the relations of rainfall runoff and affects the assessment of flood/drought and mitigation. Temperature has a significant and familiar role with evaporation, transpiration, and water demand (animal and human) and therefore has a significant impact on water demands as well as strategies to ensure its availability. Modifications in precipitation and temperature have implications, and it is important that the water resource planners must determine their behaviour and effects on other hydrologic variables correctly. Nigeria has experienced many variations of rainfall on various climatic regions and individual sites with disasters that come along with them. The coastal part of the country is especially susceptible to the geographic position and the geographical aspect that the swift development of the urbanization and urban poverty in this area also elevates the risk of flooding. 
A hydrological system largely relies on climate as a primary input and its variation has a great impact on hydrological regimes. The change of the global and regional climates brings a particular significance to the impact of climate change on water resources, as the global and regional climate have already varied and will vary further (Srivastav et al., 2021). Research has discovered that climate change is no longer a debate as increasing evidence keeps pointing to the fact that the effects of climate change are already occurring and would only deteriorate with time as an aspect of social necessity making adaptation a very essential factor in society (Moses, 2017).
Reliable hydrological and meteorological data required for long-term climate analysis are often incomplete, inconsistent, or spatially fragmented, leading to weak predictive capacity for local climate modeling (Akinsanola and Ogunjobi, 2017). Existing assessments largely depend on short-term or station-based datasets that fail to capture spatial variability and long-term trends in rainfall and temperature across the coastal belt (Odjugo, 2001; NIMET, 2021). The research aim was to assess the climatic change and variability across the coastal regions of Nigeria using long-term spatial and temporal analyses on Bayelsa, and Rivers States as case studies representing a coastal region and to make sustainable recommendations on strategies for flood and erosion management based on the study findings, toward improving adaptive water resource planning in Nigeria’s coastal areas.
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Description of Study Area
The study area, Bayelsa, and Rivers State covers part of the coastal region of Nigeria, geographically extending between longitudes 6.26oE and latitude 4.92oN and 7.10oE and 4.4oN respectively. This region has a climatic condition that is typically tropical maritime, characterized by high temperatures and humidity throughout the year, with mean annual temperatures ranging between 24°C and 33°C (NIMET, 2023). Rainfall is abundant and spatially variable annually (Audu et al., 2021 and NIMET, 2023). The time frame of analysis covers 65 years (1958 – 2023) to capture both historical and recent patterns of climatic change. The major climatic variables analyzed are rainfall and temperature key determinants of hydrological balance and water resource dynamics (IPCC 2021; Akinsanola and Ogunjobi 2017). These parameters were subjected to statistical and geospatial analyses, including Mann–Kendall, Spearman’s Rho, and Linear Regression tests, as well as GIS-based mapping to identify spatial and temporal trends, variability, and abrupt change points.
Materials 
The materials used in this study include both primary analytical tools and secondary datasets required for climatic trend analysis and spatial mapping. Climatic Data (Rainfall and Temperature):Long-term rainfall and temperature records were obtained from the Climatic Research Unit (CRU TS v4.08) and the Nigerian Meteorological Agency (NIMET). These data sets provide consistent and quality-controlled monthly climate information used for trend and variability assessment across the coastal region. Geographic Information System (GIS) Software: ArcGIS 10.x software was employed for spatial visualization and mapping of climatic variables. It was used to generate maps showing spatial patterns of rainfall and temperature distribution, as well as trend intensity across the study area. Statistical and Analytical Software: Software tools such as TREND v1.0.2, Microsoft Excel, and SPSS were used to conduct trend tests, correlation analyses, and computation of coefficients of variation. The Mann–Kendall and Spearman’s Rho tests were implemented through these analytical tools to detect monotonic and abrupt changes in climate time series.Topographic and Base Maps: Topographic maps and administrative boundary shapefiles were sourced from NIMET and the National Space Research and Development Agency (NASRDA). These served as spatial references for delineating the study area and plotting climatic stations. 
Geology of the study area
The soils of the coastal zone are largely alluvial and hydromorphic, derived from marine and fluvial deposits. They are typically poorly drained, with high organic matter content in swampy areas. Sandy loam and lateritic soils dominate the upland portions, while mangrove and peat soils occur in the deltaic plains (Aizebeokhai, 2011).
Data Collection and Sources
Monthly temperature and rainfall data for the period of 59 years (rainfall) and 60years (temperature) collected in part from the Nigerian Meteorological Agency (NIMET), Lagos State.  This data span from 1958-2016 (rainfall) and 1958-2017 (temperature). The period 59-60 years was chosen to enable for partitioning of the annual climatic time series into two different climate years of 30 years each.  NIMET data was collected for Port-Harcourt synoptic stations. While, climatic data for Bayelsa was downloaded from the archival dataset of the Global Climatic Research Unit CRU TS 3.21. The gridded Climatic Research Unit (CRU) Time-series (TS) data version 4.07 data are month-by-month variations in climate over the period 1901-2022, provided on high-resolution (0.5x0.5 degree) grids, produced by CRU at the University of East Anglia and funded by the UK National Centre for Atmospheric Science (NCAS), a NERC collaborative centre (University of East Anglia Climatic Research Unit et al., 2023). This action was taken due to the absent of NIMET archival data or synoptic station in Yenegoa, Bayelsa State Rainfall and temperature raster data were assembled from CRU TS 3.21 dataset on monthly basis for a period of 70 years as with NIMET data scale, using a raster calculator geographic information system.  
Test for reliability of CRU Dataset
To test for reliability of CRU dataset for use in Bayelsa, the Pearson’s Product Moment Correlation statistics was performed to determine the degree of association between CRU values and data from NIMET. The equation is given as follows;
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Where, rxy is the correlation coefficient 	
x and y were the 2 sets of observation 
All the analysis will be performed using excel mathematical tool at 0.05 level of significance
Test for Significance of the Correlation Coefficient
To test for the significance of the coefficient, this study employed the student’s t test, as follows
									2
Where, and  are the means of the first and second periods respectively, and m and n are the number of observations in the first and second periods respectively, and S is the sample standard deviation (of the entire m and n observations).  
Data Analysis
The analysis of climatic data involved a comparative evaluation of mean values of selected parameters, alongside detailed time-series analyses aimed at identifying trends and potential step changes within the climatic variables. A combination of statistical techniques was employed, including linear regression, the Mann–Kendall test, rank-sum test, Spearman’s rho, distribution-free CUSUM, cumulative deviation, and the Worsley likelihood ratio statistics.

Data analysis was conducted using established statistical tools, notably the TREND software (version 1.0.2), developed by the Cooperative Research Centre for Catchment Hydrology, Australia. This software was utilised to detect trends, shifts (step changes), and deviations from long-term norms in annual climatic variables. The TREND analytical tool has been widely applied in previous studies and is regarded as a robust method for identifying trends and structural changes in climatic time-series data (Mu et al., 2007; Ma et al., 2008; Zhang and Lu, 2009).
The following model was used the analysis of the result
Mann-Kendall test
This method tests whether there is a significant trend in the time series data. The n time series values (X1, X2, X3, ….., Xn) were first replaced by their relative ranks (R1, R2, R3,….., Rn) (starting at 1 for the lowest up to n). The test statistic S is: 


Where, Sgn(x) = 1 for x > 0
Sgn(x) =0 for x = 0
Sgn(x) = -1 for x <0
If the null hypothesis Ho is true, then S is approximately normally distributed with:
µ = 0
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3.0	RESULTS AND DISCUSSION
Results
Annual Rainfall Pattern over Baysela and Rivers States
The results are organized into subsections that show annual, seasonal, and spatial patterns of climatic variables using tables, and charts. The outcome of annual rainfall variability in Bayelsa State is presented in figure 1 . The first two decades (1958-1977) and the onset of the third decade (1980s) were generally wet periods. This rising trend was interupted by a continous  downward trend from 1982 (years in which rainfall values are below mean value of 2669.5mm).  Below the mean value, rainfall distribution showed marked variability with some years around the mean while, other years far below the mean level. Annual lowest rainfall in Bayelsa was observed in 2001 with annual rainfall of 1874.24mm. Other years of significantly low rains (below mean level) are 1982(189.13mm), 1986 (2070.1mm), 2013 (2087mm), 2003 (2149.2mm), 2005 (2149.191mm), while highest rainfall was recorded in 1969 (3530.9mm). Other years of significant extreme rainfall are 1960 (3509.2mm), 1965 (3487.2mm), 1966 (3413.39mm), and 1980 (3363.9mm). 


Figure 1: Annual rainfall Trend in Bayelsa State, 6 years moving average

The annual rainfall variability in Port-Harcourt synoptic station, Rivers State is presented in figure 2.  Annual rainfall in the first two decades was generally above the mean level of 2653.81mm, suggesting wet years. This was interupted by a continous downward trend from 1980’s onset.  Annual lowest rainfall in Port-Harcourt was observed in 1983 with annual rainfall of 1844.6mm. Other years of significantly low rains are 2001 (1917.6mm), 2015 (1935.3mm), 1986 (2033.3mm), 2013 (2094.7mm), 1982 (2114.9mm) and 1992 (2124.3mm), while highest rainfall was recorded in 1969 (3687.2mm). Other years of significant extreme rainfall are 1960 (3644.3mm), 1962 (3509.8mm), 1965 (3502.6mm), 1966 (3467.2mm) and 1980 (3387.2mm). Rainfall decreases away from the coastline and this is expected, hence locations closer to the the Gulf of Guinea, which is part of the Atlantic Ocean tend to receive more rains. Hence, Abdullahi et al. (2019) pointed out that the terrain and proximity to the Atlantic Ocean both significantly influenced variations in rainfall features in Nigeria.

Figure 2: Annual rainfall Trend in Rivers State, 6 years moving average

Annual Temperature Pattern over Coastal of Nigeria
The results of long-term mean annual temparature values across the study area is as presented in figure 3 and 4, respectively for all the staions. Temperature values showed marked fluctuation around mean lines, although generally revealed signs of increasing trends beginning from mid 1970s for some locations and early 1980s for others.

Figure 3: Mean Annual Temperature in Bayalsa State, 6years moving average


Figure 4: Mean Annual Temperature in Rivers State, 6years moving average


Descriptive Statistics and Coefficient of Variation in Time Series of Rainfall and Temperature Distributions

[bookmark: _GoBack]Table 1 indicates that, during the first climatic period, rainfall totals and their corresponding mean values were generally higher across the study locations, namely the synoptic stations in Bayelsa and Rivers States. In contrast, Table 2 reveals that all stations exhibited an increase in temperature during the second climatic period relative to the first. These findings corroborate earlier results, which suggest an overall upward trend in temperature during the second climatic period, accompanied by a decline in rainfall across the study area.

The coefficient of variation (CV), expressed as a percentage, was employed to assess the degree of dispersion of rainfall and temperature values around their respective means over the time series spanning 1958–2017. Evidence from Tables 1 and 2 suggests that rainfall variability during the second climatic period was more pronounced across the study locations, coinciding with a notable increase in temperature. This pattern reflects significant rainfall anomalies in Nigeria, which may be associated with large-scale global and regional sea surface temperature anomalies (SSTAs) that have persisted since the 1950s. Giannini et al. (2008) observed that anomalous sea surface warming enhances convective activity over oceanic regions, thereby limiting the inland penetration of the convergence zone over the Sahel. Similarly, Onyutha and Willems (2015) demonstrated that variations in sea surface temperature can disrupt the heat flux balance, leading to anomalous atmospheric circulation and altered rainfall regimes.

Furthermore, Table 3 presents the percentage deviations of rainfall and temperature values relative to the baseline (first climatic period). The presence of both negative and positive deviations further confirms that the second climatic period is characterised by elevated temperature levels alongside increased variability in rainfall patterns across the study area.


Table1: Descriptive statistics of annual rainfall (mm) distribution for different climatic Periods
	Climatic Station
	Period
	Mean
	SD
	Min
	Max
	Range
	Count
	SE
	%CV

	Bayelsa
	1st  Climperiod
	2976.7
	450.2
	1895.1
	3530.9
	1635.8
	30yrs
	82.2
	17.12

	
	2nd Clim. Period
	2351.7
	214.8
	1874.2
	2811.4
	937.2
	29yrs
	39.9
	9.13

	

	Rivers 
	1stClimperiod
	2959.2
	489.2
	1844.6
	3687.2
	1842.5
	30yrs
	89.3
	16.53

	
	2nd Clim. period
	2337.9
	199.6
	1917.7
	2701.0
	783.3
	29yrs
	37.1
	8.54



Table2: Descriptive statistics of annual Temperature (0C) distribution for different climatic Periods
	Climatic Station
	Period
	Mean
	SD
	Min
	Max
	Range
	Count
	SE
	%CV

	Bayelsa
	1st  Climperiod
	30.2
	0.5
	29.3
	31.3
	2.1
	30yrs
	0.1
	1.66

	
	2nd Climperiod
	30.7
	0.2
	30.1
	31.2
	1.1
	30yrs
	0.0
	0.65

	Rivers
	1st  Climperiod
	30.4
	0.5
	29.5
	31.4
	1.9
	30yrs
	0.1
	1.64

	
	2nd Clim. period
	30.9
	0.3
	30.1
	31.5
	1.3
	30yrs
	0.1
	0.97




Table 3: % Deviation of annual rainfall and temperature from first climatic Period 
	
	Rainfall mm
	
	
	Temperature0C
	
	

	Clim Station
	Period
	
	%deviation 
	Period
	
	% deviation

	Bayelsa
	1st  Climperiod
	2976.7
	11.7
	1st  Climperiod
	30.2
	-0.82

	
	2nd Clim. period
	2351.7
	
	2nd Clim. period
	30.7
	

	Rivers 
	1st  Climperiod
	2959.2
	11.73
	1st  Climperiod
	30.4
	-0.82

	
	2nd Clim. period
	2337.9
	
	2nd Clim. period
	30.9
	


(Used 1st climatic period as baseline): % deviation computed as the difference in values bwteeen climatic periods, multiplied by 100 and divided by the sum of values in the two climatic periods.



Seasonal Rainfall Differences across the Study Area in the Two Climatic Periods
The seasonal distribution of rainfall in the first climatic period was higher than pattern observed in the second climatic period for locations in the southernmost part of the study area. However, this pattern is different towards the southwestern part of the coast where seasonal distribution distributions in the second climatic period were higher than monthly values in the first climatic period. In Bayelsa station average seasonal rainfall (Jan -Dec) in the first climatic period was 248.1mm and 195.9mm in the second climatic period. Percent of deviation of average seasonal rainfall from first climatic period is 11.76%. Difference in monthly rainfall between the two climatic periods is significant at p>0.05, d = 0.0006 P(T<=t) two-tail) (Figure. 5 and table 4.) In Rivers State average seasonal rainfall (Jan -Dec) in the first climatic period was 246.6mm and 194.8mm in the second climatic period. Percent of deviation of average seasonal rainfall from first climatic period is 11.74%. Figure 6 and table 4, shows the difference in monthly rainfall between the two climatic periods is significant at p>0.05, d = 0.0001 P(T<=t) two-tail) 




Figure 5. Mean monthly Rainfall differences in Bayelsa State

Figure 6. Mean monthly Rainfall differences in Rivers State
The seasonal distribution of temperature in the second climatic period was higher than pattern observed in the first climatic period across the study area. In Bayelsa station average seasonal temperature (Jan-Dec) in the first climatic period was 30.160C and 30.680C in the second climatic period. Percent of deviation of average seasonal temperature from first climatic period is -0.85% (Figure 7 and Table 4). In Rivers State average seasonal temperature (Jan-Dec) in the first climatic period was 30.390C and 30.860C in the second climatic period. Percent of deviation of average seasonal temperature from first climatic period is -0.77% as shown in figure 8, respectively.

Figure 7. Mean monthly Temperature differences in Bayelsa State

Figure 8.Mean monthly Temperature differences in Rivers State
Table 4. % Deviation of Seasonal Rainfall and Temperature from First Climatic Period 
	
	Rainfall mm
	
	
	Temperature 0C
	
	

	Clim Station
	Period
	
	%deviation 
	Period
	
	% deviation

	Bayelsa
	1stClimperiod
	248.1
	11.76
	1stClimperiod
	30.16
	-0.85

	
	2nd Clim. period
	195.9
	
	2nd Clim. period
	30.68
	

	Rivers 
	1stClimperiod
	246.6
	11.74
	1stClimperiod
	30.39
	-0.77

	
	2nd Clim. period
	194.8
	
	2nd Clim. period
	30.86
	


(Used 1st climatic period as baseline): % deviation computed as the difference in values bwteeen climatic periods, multiplied by 100 and divided by the sum of mean values in the two climatic periods

Trend Analysis of Annual Climatic Variables in Bayelsa and Rivers States, Nigeria. The analysis of temporal trends in annual climatic variables across Bayelsa and Rivers States was undertaken using time-series data derived from individual observation points, a commonly employed approach for characterising localised climate trends. A range of robust statistical techniques, including the Mann–Kendall test, linear regression, and Spearman’s rho, are widely utilised to examine variations occurring across different temporal scales at specific locations (Kendall, 1975; Yue and Hashino, 2003).

In this study, both non-parametric methods—namely the Mann–Kendall test and Spearman’s rho—and the parametric approach of linear regression were employed to detect and quantify trends. Additionally, change detection was conducted using statistical tools such as the distribution-free CUSUM test, the cumulative deviation test, and the Worsley likelihood test, in order to identify potential shifts within the climatic time series. Results of trend analysis is presented in Table 5, while in Table 6, results of change detection analysis for long term annual rainfall and temperature was presented.  



Table 5. Results of trend analysis for rainfall and temperature (1958-2016/2017)
	
	Time series
	Mann-Kendal
	Significance level 
	Spearman’s Rho
	Significance level 
	Linear Regression
	Significance level 

	
	Annual
	z-test
	
	z-test
	
	t-test
	

	Bayelsa
	Rainfall (mm)
	-5.977
	α<0.01
	-5.717
	α<0.01
	-9.457
	α<0.01

	
	Temp (0C)
	5.16
	α<0.01
	5.086
	α<0.01
	6.421
	α<0.01

	Rivers 
	Rainfall (mm)
	-5.389
	α<0.01
	-5.389
	α<0.01
	-8.555
	α<0.01

	
	Temp (0C)
	5.128
	α<0.01
	4.944
	α<0.01
	6.264
	α<0.01



In Bayelsa, there is strong evidence of decreasing rainfall pattern in Table 5.  Trend results of rainfall for were -5.977 (Mann-Kendall), -5.717 (Spearman’s Rho) and -9.457 (Linear regression). Downward trend was detected in rainfall time series at α<0.01 for all the three trend tests which suggest strong evidence of statistically significant direction in rainfall annual time series. Temperature distribution in Bayelsa showed evidence of increasing trend in Table 5. Results of temperature, trend were5.16 (Mann-Kendall), 5.086 (Spearman’s Rho) and 6.421 (Linear regression). Increasing trend in time series of temperature distribution was detected at α<0.01 for all the three tests which suggest very strong evidence of rising in temperature distribution in Bayelsa. While, in River State there is strong evidence of decreasing rainfall pattern in Table 5.  Trend results of rainfall for were -5.389 (Mann-Kendall), -5.389 (Spearman’s Rho) and -8.555 (Linear regression). Downward trend was detected in rainfall time series at α<0.01 for all the three trend tests which suggest strong evidence of statistically significant direction in rainfall annual time series. Temperature distribution in Port-Harcourt, River State showed evidence of increasing trend. Results of temperature trend were 5.128 (Mann-Kendall), 4.944 (Spearman’s Rho) and 6.264 (Linear regression). Increasing trend in time series of temperature distribution was detected at α<0.01 for all the three tests which suggest very strong evidence of rising in temperature distribution in Port-Harcourt, River State as shown in Table 5. 
Change Detection Results of Climatic Variables over Study Region
Results of change detection in the time series of climatic variables (Rainfall and temperature) for the study area are presented in Table 6, while Figures. 9- 12 show graphs of change point in annual time series of Rainfall and temperature across the study area.
Table 6.  Results of change detection analysis for long term annual rainfall and temperature across coastal region of Nigeria, (1958-2016/2017)
	
	Time series
	CUSUM
	
Significance level 
	Cumulative deviation
	
Significance level 
	Worsley Likelihood
	
Significance level


	
	Annual
	Max. Deviation
	
	Q/Sqrt(n)
	
	W
	

	Yenagoa
	Rainfall (mm)
	24
	α<0.01
	3.325
	α<0.01
	14.082
	α<0.01

	
	Temp (0C)
	19
	α<0.01
	2.788
	α<0.01
	8.389
	α<0.01

	Port-Harcourt
	Rainfall (mm)
	24
	α<0.01
	3.293
	α<0.01
	13.501
	α<0.01

	
	Temp (0C)
	17
	α<0.01
	2.508
	α<0.01
	6.799
	α<0.01



Results of Change Detection over Change detection results over Yenegoa, Bayelsa State 
Rainfall in Bayelsa State presented evidence of change detection results in time series of rainfall in Yenegoa town were 24 (Free distribution CUSUM/Maximum deviation), 3.325 (Cumulative deviation) and 14.082 (Worsley likelihood ratio). Change in the time series of rainfall over Yenegoa town for the various tests was detected at α<0.01 which suggest a very strong evidence of change in the time series of rainfall in Table 6.  Temperature distribution in Yenegoa town showed evidence of step jump in Table 6. Results of change detection were 19 (Free distribution CUSUM/maximum deviation), 2.788 (cumulative deviation), and 8.389 (Worsley Likelihood ratio). Change in the time series of temperature distribution was detected at α<0.01 for all the three tests which suggest very strong evidence of the existence of step jump/change in temperature distribution.  Change points in the annual time series of temperature in Yenegoa Town occurred in 1986 (CUSUM) and 1980 (Cumulative deviation).[image: ]
Figure 9. Change point inannual time series of Rainfall in Yenegoa, Bayelsa (CUSUM)
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Figure 10.Change point inannual time series of Rainfall in Yenegoa, Bayelsa (Cumulative 
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Figure 11. Change point inannual time series of Temperature in Yenegoa, Bayelsa (CUSUM)
[image: ]
Figure 12. Change point inannual time series of temperature in Yenegoa, Bayelsa (Cumulative Deviation)
Change detection results over Rivers State
Rainfall over Port-Harcourt, Rivers State presented evidence of change in Table 6.  Change detection results in time series of rainfall in Port-Harcourt were 24 (Free distribution CUSUM/Maximum deviation), 3.293 (Cumulative deviation) and 13.501 (Worsley likelihood ratio). Change in the time series of rainfall over Port-Harcourt for the various tests was detected at α<0.01 which suggest a very strong evidence of change in the time series of rainfall. Change points in the annual time series of rainfall occurred in 1981 for CUSUM and Cumulative deviation tests respectively in figures 13 and 14.  Temperature distribution in Port-Harcourt showed evidence of step jump (Table 6). Results of change detection were 17 (Free distribution CUSUM/maximum deviation), 2.508 (cumulative deviation), and 6.799 (Worsley Likelihood ratio). Change in the time series of temperature distribution in Port-Harcourt was detected at α<0.01 for all the three tests which suggest very strong evidence of the existence of step jump/change in temperature distribution.  Change points in the annual time series of temperature in Port-Harcourt occurred in 1986 (CUSUM) and 1980 (Cumulative deviation) as shown in Figures 15 and 16.

[image: ]
Figure 13 Change point inannual time series of Rainfall in Port-Harcourt Synoptic Station, Rivers State (CUSUM)
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Figure 14Change point inannual time series of Rainfall in Port-Harcourt Synoptic Station, Rivers State (Cumulative deviation)
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Figure 15. Change point inannual time series of temperature in Port-Harcourt Synoptic Station, Rivers State (CUSUM)
[image: ]
Figure 16:  Change point in annual time series of temperature in Port-Harcourt Synoptic Station, Rivers State (Cumulative deviation)
Discussion
This study presents a quantitative assessment of rainfall and temperature response patterns to climate change and variability in Bayelsa and Rivers States, Nigeria. The findings are expected to inform the future planning and implementation of water resource management projects, as well as guide mitigation strategies aimed at addressing the impacts of both excessive water—such as flooding and erosion—and water scarcity, including shifts in rainfall onset and occurrences of false onset, within the region.

The results provide compelling evidence of ongoing climatic change across the study area. Notably, however, the magnitude and rate of changes in rainfall and temperature exhibit spatial variability, differing between the two states under investigation. The following are summary of the study major findings;
For all the station annual rainfall revelaed a  zigzag pattern, though there are indications of rising trends from 1980s for some locations, while download trends in other locations. Locations in the sourthemost part of the study area revealed sign of decreasing trend in the second climatic period or near-absent of trend in rainfall annual distribution.  This zigzag pattern of annual rainfall from this study is in consistent with previous studies such as  Efe and Ndakara (2012), Ndakara (2016). The thermal characteristics of the Gulf of Guinea, in conjunction with the cold Benguela Current, play a significant role in shaping atmospheric moisture content and temperature gradients, thereby promoting increased precipitation in coastal locations. These factors, among others, are recognised as key determinants of the intensity and spatial distribution of rainfall in Nigeria, particularly during the wet season. Furthermore, Abdullahi et al. (2019) emphasised that both topography and proximity to the Atlantic Ocean exert substantial influence on the variability of rainfall patterns across the country. Long-term temperature trend results showed evidence of rising trend for all the locations, an observation the further reinforced our initial findings of increasing temperature in the coastal region of Nigeria since the second climatic period. The rising temperature trend and inconsistent rainfall distribution are inconsistent with previous studies have already shown that Nigeria has been experiencing changes in temperature and precipitation patterns over the last century (Odjugo, 2005;  Oguntundeet al. 2006.
CONCLUSION
This study confirms the presence of significant climatic variability in Bayelsa and Rivers State regions, characterized by decreasing rainfall and increasing temperature over the past six decades. The identified shift around the early 1980s marks a critical transition in the regional climate system.
The reduction in rainfall combined with rising temperatures has serious implications for water resource management, agriculture, flood control, and ecosystem sustainability in the study areas. The observed trends indicate increasing climate instability, which poses a growing risk to socio-economic development in the locations under study. Overall, the findings emphasize the urgent need for data-driven planning and adaptive strategies to mitigate the adverse impacts of climate change in vulnerable coastal environments. It could be recommended that Government agencies such as NIMET should expand meteorological stations and improve data quality for better climate tracking. Again, sustainable water management strategies should be implemented to address variability in rainfall and water availability. In addition, construction of drainage systems, levees, and coastal protection structures should be prioritized in high-risk area. Finally, farmers should adopt drought-resistant crops, irrigation systems, and climate-smart agriculture techniques. 
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Rainfall Amount (mm)	
1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2763.6428571428537	3289.25	3509.1785714285697	3271.964285714263	3487.1785714285697	3320.3571428571777	3042.1785714285697	3345.214285714263	3413.3928571428569	3131.714285714263	3214.071428571458	3530.9285714285697	3125.214285714263	3010.5714285714589	2840.6428571428537	2726.8571428571786	3051.7142857142626	3155.7857142857142	3223.4285714285697	2853.1428571428537	3096.5357142857374	3342.3571428571777	3363.8928571428573	2916.3214285714589	2151.8623492371812	1895.1349649163051	2246.9114759521822	2465.4923128869186	2070.0723880976398	2445.7303115219911	2499.6545226573912	2378.5235044817805	2537.6002409276939	2520.5769953205995	2242.7244433004903	2361.8700677262846	2435.7829115278937	2811.3980414718358	2418.7177495732872	2426.6844130285999	2174.3078266807925	2662.6566125644072	2266.3844064410209	1874.2405753817002	2349.1222869764451	2087.6795218895572	2258.2070450314418	2149.1906336375823	2469.3987677842342	2573.258772252922	2477.9437675837921	2622.2544851143143	2404.488907349958	2509.2256665958257	2253.2279828265273	2082.9540686468954	2188.4144238766007	1925.9023947013236	2236.9497405876	Years

Rainfall Amount (mm)

Rainfall Amount (mm)	
1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2801.2727272727279	3377.3636363636365	3644.3333333333858	3240.1515151515359	3509.8181818181815	3003.848484848485	3164.666666666632	3502.5757575757875	3467.1515151515359	3123.1212121212125	3130.454545454546	3687.1515151515359	3037.1212121212125	3071.5151515151747	2927.0606060606037	2599.4848484848244	2846	2867.181818181818	3133	2927.9090909090905	3147.6969696969486	3296.121212121212	3387.181818181818	3010.1515151515359	2114.974030776475	1844.6437084150998	2159.0215355176006	2370.0383748195372	2033.2814628057376	2351.8908033709622	2417.8355728221072	2287.3613575516524	2458.9919942924739	2454.8426200602958	2124.3401077516119	2245.211813070589	2281.6618282969889	2700.9948769591042	2361.2602238366067	2442.9166031425616	2216.2416709494378	2679.3250501426746	2286.1947440071503	1917.6609475702908	2374.5962435693418	2150.6071259108417	2265.4372780196559	2163.1827853421337	2506.4679317149207	2556.6166797914198	2503.9265272382522	2634.5758846239537	2475.8999324531446	2520.8217444382572	2285.8337889232412	2094.7270067939207	2192.8596633808152	1935.3085385100358	2263.0169853857033	Years
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Mean Annual Temperature (0C)
First climatic period (1958-1987)	jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	51.857997587393292	80.733869650676127	153.17305021700994	226.96832442028187	295.61946410444983	447.31823039056638	433.06299336022192	280.08688516194638	452.82495933565372	344.60671077611869	156.72652437780931	53.712307847805661	Second Climatic Period (1988-2016)	jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	24.956883868435312	42.435120404115253	108.55303880587815	164.19931406799785	245.07304497814673	363.11730717897814	397.06544599572732	251.27849682566031	331.74122512129526	281.31912341814183	112.37887056071735	29.583534841761555	Months
Rainfall Amounth (mm)
First climatic period (1958-1987)	jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	49.605237614326001	85.102979734238858	155.30949435128701	206.89782871017007	277.05942817787928	435.11078313146982	434.35091467084402	330.41375006139123	450.36060724110899	327.41640430002423	158.18655122017083	49.392129088381338	Second Climatic Period (1988-2016)	jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	23.853587739815495	42.766870684530012	107.57000493222741	164.89469077445492	245.31995648382073	360.61343240361924	378.53878054699169	258.46051968585266	332.85591243356242	279.57601386458663	113.43640722123979	30.000634489608927	Months
Rainfall Amount (mm)
First climatic period (1958-1987)	Jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	30.88928571428573	31.601785714285835	31.758809523809518	31.37857142857143	30.730833333333134	29.585833333333024	28.34988095238095	28.234166666666695	28.710357142857148	29.287857142857145	30.472261904761705	30.903690476190476	Second Climatic Period (1988-2016)	Jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	31.317142857142859	32.320833333333326	32.424047619047073	31.900833333333054	31.264880952380953	30.24880952380952	28.754761904761889	28.302380952380929	29.085833333333017	29.743571428571428	31.177142857142826	31.711190476190495	Months
Tempreture (0C)
First climatic period (1958-1987)	Jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	31.220803368369289	32.006069518716075	31.925014854426589	31.702349970290868	30.957724301841889	29.885822935234689	28.618894830659535	28.400448603683731	29.11745692216283	29.504281045751632	30.435641711229771	30.850175282234105	Second Climatic Period (1988-2016)	Jan	feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	31.628834670231686	32.673922311348811	32.671278223410546	32.211838978015443	31.404650920974454	30.359644979203789	28.844645721925126	28.308827985739729	29.285912061794413	29.908475935828882	31.264230540700868	31.792152406417113	Months
Temperature (0C)
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