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Trend Analysis and Change Point Detection of Temperature Patterns and Relative Humidity in Enugu, South-Eastern Nigeria 

Abstract
This study examined the temporal variations and abrupt changes in temperature patterns and relative humidity in Enugu, South-Eastern Nigeria. A 31-year daily record of temperature (minimum and maximum records) and relative humidity were obtained from the Nigerian Meteorological Agency (NiMET). The data were processed to obtain annual maximum and minimum temperature and annual relative humidity data series for the climatic variables. Three trend detection methods (Linear regression analysis, Augmented Dickey-Fuller (ADF) test, and Mann-Kendall trend test) were employed for the trend detection in the time series data. Sen's slope estimator was used to quantify the magnitude of the trend after Mann-Kendall trend detection test was conducted. Abrupt changes in the temperature and relative humidity data distribution were investigated using Distribution-free cumulative sum (CUSUM) and Sequential Mann-Kendall methods. The results revealed that annual minimum temperature exhibited a statistically significant increasing trend through linear regression (slope = 0.068°C/year, p = 0.035, R² = 0.144) and Mann-Kendall test (tau = 0.284, p = 0.031; Sen's slope = +0.045°C/year). The ADF test confirmed non-stationarity in minimum temperature (ADF = -2.693, p = 0.075), implying a non-constant statistical parameter over time. However, no significant trend was observed in the annual maximum temperature and relative humidity using Linear regression and Mann-Kendall. Change point detection identified significant changes in minimum temperature around 2020-2022 (CUSUM value = 7, critical value = 6.79). 
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1. Introduction
Two climatic variables namely temperature and relative humidity tend to influence climate change strongly (Morice et al., 2021). Many pressing environmental challenges are due to these two climatic variables. The Intergovernmental Panel on Climate Change (2021) have warned about the increasing trend of temperature pre-industrialisation and attributed CO2 and methane gas as the major contributors to the increasing temperature.  It was estimated that the temperature has risen by 1.1°C from 1850 to 2020, and it is predicted to rise as much as 2.1 to 3.5°C in the next 100 years (IPCC, 2021). Morice et al. (2021) also reported that warmer global average temperatures were observed using temperature data from 1850 to 2018. Temperature rise tends to significantly affect crop yield. An increase of temperature by 2 to 4°C can result in a 15 to 35% reduction in the crop yield (FAO, 2001; Jaiswal et al., 2014).
However, the warming of the Earth varies on a regional and local scale, with urban areas often experiencing amplified warming effects due to land use changes, increased impervious surfaces, and concentrated anthropogenic heat sources (Oguntunde et al., 2012; IPCC, 2021). It is reported that stronger temperatures are recorded over land than on ocean areas, with temperatures on land being 1.6times more than what is obtainable on ocean areas.  
The strong evidence found on the increasing trend in temperature was not observed in relative humidity. IPCC (2021) stated that there has not been any long-term trend in the relative humidity since 1978. However, a slight decrease in relative humidity was observed over this period, which was attributed to the warming of the Earth. Shin et al. (2021) reported a significant decrease in relative humidity in South Korea from 1973 to 2018. The changes in climatic variables can be detected using either a parametric or non-parametric statistical approach. Higher elevations give rise to higher relative humidity and lower temperatures. Hence, temperature and relative humidity are inversely proportional, that is, lower temperature brings about higher relative humidity and vice versa (Siloko et al., 2021).
Many climatic studies have relied solely on using trend detection in understanding the climatic variation of a region, without understanding when the abrupt change occurred in the time series. The change points are important as abrupt changes in the time series are characterised by relatively sudden transitions from one climatic state to another (Pacalal et al., 2004). Studying the climatic variability by just trend detection results in a partial understanding and limits one understanding of what activities occurred in that year that resulted in the change. Detecting such change points is essential for understanding the temporal evolution of climate patterns and for attributing changes to specific causal mechanisms (Patakamuri, 2022).
Limited studies have been done on climatic variability in Nigeria, especially in the eastern part. Given that some studies have documented temperature patterns in Nigerian cities broadly (Oguntunde et al., 2012; Eludoyin, 2018), location-specific analyses, including change point detection, are scarce. The primary aim of this study is to comprehensively analyse annual temperature (maximum and minimum) and relative humidity trends; and identify change points in Enugu's temperature and relative humidity patterns over the 31 years from 1992 to 2022.
The objectives of this research are to:
(i) Analyse temporal variations and trends in temperature and relative humidity data series for Enugu using statistical techniques; and
(ii) Change point detection in temperature and relative humidity patterns in Enugu from 1992 to 2022.
2. Materials and Methods
2.1 Study Area
The temperature and relative humidity changes were studied for Enugu, which is the study area shown in Figure 1. Enugu is one of the five Eastern States located in the South-eastern part of Nigeria. Enugu is the capital of Enugu state and historically the administrative centre of Nigeria's former Eastern Region, representing a significant urban centre in South-Eastern Nigeria. Enugu lies between latitudes 6° 18′ 51.1″ N to 6° 28′ 26.0″ N and longitudes 7° 23′ 56.4″ E to 7° 32′ 33.7″ E. Enugu lies on a very hilly terrain with elevation ranging from 140 to 511m, which is above Sea level. The city experiences a tropical rainforest climate characterised by high temperatures throughout most of the year and abundant precipitation mostly during the rainy season. Mean annual temperature ranges between 26°C and 28°C, with relatively small seasonal variation characteristic of tropical locations. The Nigerian Meteorological Agency maintains a meteorological station in Enugu that has operated continuously since 1990.
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Figure 1: Location of Enugu and Rain Gauge Locations
2.2 Data Collection
Daily minimum, maximum Temperature and relative humidity data from 1992 to 2022 were obtained from the Nigerian Meteorological Agency (NIMET), which is the federal government agency responsible for meteorological observations and climate data archival across Nigeria. For the daily climatic data, the annual maximum, minimum and relative humidity data series were obtained. The annual maximum and minimum values of temperature and relative humidity were extracted from daily distributions. A total of 31 annual maximum and minimum temperature and relative humidity values were collected for data analysis.


2.3 Data Analysis
2.3.1 Descriptive Statistics
 Descriptive statistics were employed to summarise the climatic data and detect the trends and change points.  The average and standard deviation of the annual minimum and maximum temperatures and relative humidity were computed using Equations 1 and 2. The coefficient of variation was used in establishing the relative fluctuation in the climatic data, while the skewness was used in assessing the nature of the distribution. Time series plot of the climatic data was done for visualization of temporal patterns and potential anomalies.
 =                                               (1)
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2.3.2 Trend Detection
Three different methods were adopted in detecting the trend in the climatic data distribution. Linear Regression, Augmented Dickey-Fuller test, and Mann-Kendall were all utilised for the trend detection. Linear regression is usually employed for trend detection in hydro-meteorological time series such as temperature, precipitation, relative humidity, streamflow, etc (Suhaila & Yusop, 2017; Olali et al., 2024). Linear Regression is a parametric method and was used to quantify the magnitude and direction of the trend of the temperature or relative humidity distribution.  A statistically significant slope indicates that there is an increasing or decreasing magnitude of the climatic variation, which is not due to chance. The simple linear regression model used is shown in Equation 3. The slope and intercept of the model were obtained by solving the normal equations, as shown in Equations 4 and 5, to obtain  and  (Nwaogazie, 2021). 
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Where x = years,  = intercept,  = slope, and y = temperature 
 = n +                                                      4
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The Augmented Dickey–Fuller (ADF) test which is a parametric method was employed to examine the stationarity of minimum temperature, maximum temperature, and relative humidity time-series distribution. Stationarity in the time series ensures that the mean and variance remain constant over time (Dickey & Fuller, 1979; Mushtaq, 2011). When the time series is stationary, it indicates that no significant trend exists in the temperature and relative humidity distributions over time. Tests were conducted at the 5% significance level with optimal lag lengths determined using the Akaike Information Criterion (AIC).
The trend detection was also investigated using the Mann-Kendall test, which is a non-parametric test. This non-parametric test assesses whether there is a monotonic increasing or decreasing trend (Mann 1945; Kendall 1955; Masi et al., 2023; Ekwueme et al., 2024). The Mann-Kendall test doesn't require the temperature and relative humidity data to follow a normal distribution, thereby making it a more robust test for time series data distribution with extreme skewness (Yue et al., 2002; Sam et al., 2023; Ekwueme et al., 2024). Before the application of Mann-Kendall to detect for trend, autocorrelation analysis was carried out. Series correlation in the time series tends to affect the result of Mann-Kendall test (von Storch, 1999; Yue et al., 2002; Suhaila et al., 2010). Series correlation in the time series results increases the likelihood of a Type I error, whereby an increasing or decreasing trend is falsely established when no true trend exists. 
When there is autocorrelation at lag 1, corrections must be applied to the time series before Mann-Kendall can be used to detect trend on the time series data. However, if no serial autocorrelation is found in the temperature data set, the Mann-Kendall test can be applied without the need for correction. Yue et al. (2002) developed a correction for time series with serial correlation known as “Trend Free Pre-whitening (TFPW)”. The trend analysis was done utilising a Python package called statsmodels (library-pymannkendal).
2.3.3 Theil Sen’s Slope
The Sen's Slope Estimator (SSE) test was used to determine the magnitude and variation of the trend. The Sen slope is estimated using the formula in Equation 6 (Sen, 1968; Theil, 1950). 
 = Median                                                  6
Where  and  are rainfall data values at time  and  (i > j) respectively.
2.3.4 Change Point
Identification of abrupt changes in the minimum temperature, maximum temperature and relative humidity was done using Distribution-free CUSUM and Sequential Mann-Kendall. Both change point methods are non-parametric tests. The Cumulative Sum (CUSUM) test examines cumulative deviations from the series median to detect shifts in central tendency (McGilchrist & Woodyer, 1975). The distribution-free CUSUM statistic is calculated by cumulating differences between each observation and the overall median. The magnitude and timing of maximum absolute deviation indicate the strength and location of the change point. CUSUM values exceeding these thresholds indicate statistically significant change points (Team R Core, 2021; Patakamuri, 2022).
3 Results and Discussion
3.1 Results
3.1.1 Temperature and Relative Humidity Distribution in Enugu
The time series plot for annual minimum and maximum temperatures is shown in Figure 2. Both temperatures showed a dip in temperature from 2005 to 2006. Figure 3 presents the density of annual maximum and minimum temperatures. The annual maximum temperature in Enugu ranged from 35.2 to 39.20°C over the 31 years, with a mean of 37.87°C and a standard deviation of 1.1°C. The Annual minimum temperature exhibited greater relative variability, ranging from 24.1 to 32.5°C with a mean of 27.28°C and a standard deviation of 1.63°C. Table 1 presents the descriptive statistics of climate variables. The mean annual relative humidity is shown in Figure 4. 
3.1.2 Trend Analysis
 The trend analysis result using linear regression is shown in Table 2. Just one out of the three climatic data showed a significant increasing trend. The annual maximum temperature showed an increasing, but not significant, trend of 0.041°C per year with p-value = 0.061 > 0.05 and R² = 0.116. Similarly, the annual relative humidity demonstrated a significantly decreasing trend of -0.062% per year with p-value = 0.273 > 0.05 and R² = 0.041. However, the annual minimum temperature revealed a significant increasing trend with p-value = 0.035 < 0.05 and R² = 0.144. 
The result from the Augmented Dickey-Fuller test is presented in Table 3 which illustrates a non-stationarity of the statistical parameters over time 
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Figure 2: Annual minimum and maximum temperatures from 1992 to 2022
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Figure 3: Annual Minimum and Maximum Temperature
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Figure 4: Relative Humidity



Table 1: Descriptive Statistics of Climate Variables
	Parameter
	Mean
	Std Dev
	Min
	Max
	CV (%)
	Skewness
	Fisher Error
	Skew/Fisher
	Remark

	Annual Maximum Temperature (°C)
	37.87
	1.11
	35.2
	39.7
	2.92
	-0.664
	0.421
	-1.578
	Approximately Normal

	Annual Minimum Temperature (°C)
	27.28
	1.63
	24.1
	32.5
	5.99
	0.779
	0.421
	1.853
	Approximately Normal

	Relative Humidity (%)
	94.79
	2.76
	89.33
	100
	2.91
	-0.325
	0.421
	-0.774
	Approximately Normal


Note: Skew/Fisher was used in evaluating the normality. Since the value is less than 1.96, assume normality. 




Table 2: Linear Regression Analysis for Trend Detection at 5% Significance Level (Enugu, 1992-2022)
	Climate Variable
	Slope
(per year)
	Intercept
	R²
	p-value
	SE
	95% CI
Lower
	95% CI
Upper
	Remark

	Maximum Temperature
	0.041
	37.249
	0.116
	0.061
	0.021
	-0.002
	0.085
	No significant trend

	Minimum Temperature
	0.068
	26.254
	0.144
	0.035
	0.031
	0.005
	0.131
	Significant increasing trend

	Relative Humidity
	-0.062
	95.718
	0.041
	0.273
	0.055
	-0.174
	0.051
	No significant trend


Note. SE = Standard Error; CI = Confidence Interval. Significance level (α) = 0.05. Positive slope indicates an increasing trend; negative slope indicates a decreasing trend. p-value < 0.05 indicates a statistically significant linear trend.

Table 3: Augmented Dickey-Fuller Test for Stationarity at 5% Significance Level (Enugu, 1992-2022)
	Climate Variable
	ADF Statistic
	p-value
	Critical Value (5%)
	Test Result
	Remark

	Maximum Temperature
	-2.924
	0.043
	-2.964
	Reject H₀
	Stationary

	Minimum Temperature
	-2.693
	0.075
	-2.964
	Fail to reject H₀
	Non-stationary

	Relative Humidity
	-2.589
	0.095
	-2.986
	Fail to reject H₀
	Non-stationary


Note. ADF = Augmented Dickey-Fuller; H₀ = Null Hypothesis. Significance level (α) = 0.05. Null Hypothesis: Series has a unit root (non-stationary). Decision Rule: If p-value < 0.05, reject H₀ (series is stationary).





















Before the detection of trend using Mann-Kendall, autocorrelation analysis was done, and the results of the correlograms are presented in Figures 5 and 6. The results indicate no significant serial correlation. 
Mann-Kendall trend test results for annual maximum, minimum temperatures and annual relative humidity are presented in Table 4. The result presents a weak non-significant negative trend for relative humidity. 
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Figure 5: ACF for annual maximum and minimum temperature for Enugu
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Figure 6: ACF for relative humidity for Enugu



Table 4: Mann-Kendall Trend Test Results for Enugu
	Parameter
	Kendall's Tau
	p-value
	Sen's Slope (°C/year)

	Annual Maximum Temp (TFPW)
	0.156
	0.232
	+0.028

	Annual Minimum Temp
	0.284
	0.031*
	+0.045

	Relative Humidity
	-0.113
	0.385
	-0.012


Note: * = Significant at α = 0.05; TFPW = Trend-Free Pre-Whitened

3.1.3 Change Point Detection
Change point detection for annual maximum, minimum and relative humidity for Enugu using distribution-free CUSUM analysis are illustrated in Figures 7, 9 and 11. Statistically significant change point occurred for annual minimum temperature and relative humidity. However, no statistically significant change point occurred for annual maximum temperature.
Sequential Mann-Kendall analysis corroborated these findings. For the annual minimum temperature (Figure 10), the change point occurred between 2020 and 2021 For maximum temperature (Figure 8), the Sequential Mann-Kendall test identified 2017 as a probable change point. For annual relative humidity (Figure 12), Sequential Mann-Kendall testing identified probable change points in 2001-2002 and again in 2013, suggesting possible multiple regimes shifts in humidity patterns. 
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Figure 7: CUSUM change point plot for Annual Maximum temperature for Enugu

[image: A graph showing the number of different types of data

AI-generated content may be incorrect.]
Figure 8: Sequential Mann-Kendall change point plot for Annual Maximum temperature for Enugu
Table 5: CUSUM Statistic for Trend Change Detection (Enugu)
	Climate Variable
	Maximum CUSUM Value
	CI @ 90%
	CI @ 95%
	CI @ 99%
	Change Point Year
	Remark

	Annual Maximum Temperature
	6
	6.7927
	7.5722
	9.0755
	2015
	No significant change point

	Annual Minimum Temperature
	7
	6.7927
	7.5722
	9.0755
	2022
	Significant change point

	Annual Relative Humidity
	8
	6.7927
	7.5722
	9.0755
	2012
	Significant change point


Note. CV = Critical Value. Sample size (n) = 31. Critical values calculated using: CV = k × √n, where k = 1.22 (90%), 1.36 (95%), 1.63 (99%). Decision rule: If Maximum |DF-CUSUM| > Critical Value, there is a significant change point at that confidence level.

Table 6: Sequential Mann-Kendall (SQMK) for Trend Change Detection (Enugu)
	Climate Variable
	Change Point Year(s)
	Crossing Pattern
	Remark

	Annual Maximum Temperature
	2017
	Single Crossing
	Probable change point

	Annual Minimum Temperature
	2020, 2021
	Multiple Crossing
	Probable change point

	Annual Relative Humidity
	2001, 2002, 2013
	Multiple Crossing
	Probable change point


Note: A Single crossing indicates a probable change point in the series. When there is no clear trend in the data, the series will intersect at several locations
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Figure 9: CUSUM change point plot for Annual Minimum Temperature for Enugu
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Figure 10: Sequential Mann-Kendall change point plot for Annual Minimum Temperature for Enugu
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Figure 11: CUSUM change point plot for Annual Relative Humidity for Enugu
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Figure 12: Sequential Mann Kendall change point plot for Annual Relative Humidity for Enugu
3.2 Discussion
3.2.1 Temperature and Relative Humidity Distribution in Enugu
The coefficient of variation in Table 1 revealed that there was a higher fluctuation in the annual minimum temperature relative to the annual maximum temperature. The mean annual relative humidity is shown in Figure 4. The mean annual relative humidity in Enugu was 94.79% with a standard deviation of 2.76%. The distribution plots in Figures 3 and 4 revealed that the climatic data had a relatively bell-shaped curve, showing some form of normality in the data. The standard skewness shown in Table 1 confirmed the normality of the climatic data, as no standard skewness value exceeded in 1.96 threshold. The findings from the results showed that Enugu experienced relatively warmer temperatures, with the average annual maximum temperatures reaching as high as 37.87°C. This was relatively higher than what was obtainable in other Southern states in Nigeria. Olali et al. (2025) reported that the average annual maximum temperature in Bayelsa was 36.43°C, while that for Warri was 36.35°C. This relatively warmer temperature was also observed in the minimum temperature. Significant variation was observed in the annual minimum temperature in Enugu. Olaili et al. (2025) reported that the minimum temperature tends to exhibit higher variability than the annual maximum temperature. 
3.2.2 Trend Analysis in Data Distribution
The trend analysis (Table 2) revealed that only the annual minimum temperature in Enugu showed a significantly increasing trend. 
The annual maximum temperature showed an increasing trend of 0.041°C per year, but it was not significant (p-value = 0.061 > 0.05, R² = 0.116). Similarly, the annual relative humidity showed a decreasing trend of -0.062% per year, but it was also not significant (p-value = 0.273 > 0.05, R² = 0.041). However, the annual minimum temperature revealed a significant increasing trend (p-value = 0.035 < 0.05, R² = 0.144). This statistically significant warming trend in annual minimum temperatures for Enugu ranges from 0.045 to 0.068°C/year. The slope of the annual minimum temperature was 0.068°C /year, which indicates that the annual minimum temperature will increase by 0.068°C every year. Projecting it to 100years, it is estimated that the annual minimum temperature to increase by 6.8°C from its current mean value. This magnitude of temperature increase could pose a serious problem at night-time. 
The result from the Augmented Dickey-Fuller test is presented in Table 3. The results revealed that the annual maximum temperature was stationary (ADF = -2.924, p-value = 0.043 < 0.05), implying that the statistical parameters (mean and variance) were constant over time. Both annual relative humidity (ADF = -2.589, p = 0.095 > 0.05) and annual minimum temperature (ADF = -2.693, p = 0.075 > 0.05) showed non-stationarity. The results indicate that their statistical parameters were not constant over time. The non-stationarity of annual minimum Temperature combined with its significant linear trend suggests systematic warming with potential structural changes in the statistical parameters over time.
Mann-Kendall trend test results are presented in Table 4. For annual maximum temperature, after applying trend-free pre-whitening to remove the significant autocorrelation, the test yielded no significant trend (Kendall's tau = 0.156, p-value = 0.232). For annual minimum temperature, the Mann-Kendall test produced a significant positive trend (Kendall's tau = 0.284, p-value = 0.031). The Sen's slope showed that the minimum temperature increases by 0.045°C/year, suggesting that the annual minimum temperature is estimated to increase by 4.5°C in 100years. The significant warming in minimum temperatures has important implications for nighttime cooling, heat stress, and energy demand. Relative humidity exhibited a weak negative trend that was not significant (Kendall's tau = -0.113, p-value = 0.385). 
Projection of the rise in the annual minimum temperature could rise as high as 6.8°C from the current mean values. Suhaila and Yusop (2017) reported a significant increasing trend in annual minimum temperature in Peninsular Malaysia. Minimum temperature time series tend to have more variation and a significant trend than the maximum temperature series (Suhaila & Yusop, 2017, Olali et al., 2025). They attributed this finding to urbanisation, stating that urbanisation tends to affect annual minimum temperatures more than it affects annual maximum temperatures. Urbanisation creates a phenomenon known as the urban heat island, which refers to the increased temperatures experienced in cities compared to their rural surroundings. This effect arises due to dense concentrations of buildings and roads, reduced vegetation, and human activities, all of which contribute to the retention and gradual release of heat, particularly at night. Additionally, urban areas often experience reduced nocturnal cooling due to decreased longwave radiation loss and reduced evaporative cooling from vegetation loss. Enugu is a city on the hill, very urbanised; this may explain the reason for the greater increasing trend in the annual minimum temperature. The rising minimum temperatures can have profound impacts on energy demand, as alternative methods of cooling, such as the use of air conditioners, would be required. The relative humidity at Enugu was relatively higher than in most Nigerian cities. Eludoyin et al. (2018) reported that most relative humidity in Nigerian cities is below 86%. However, the annual maximum relative humidity recorded in Enugu was as high as 94.79%. A non-significant negative trend was observed in the relative humidity in Enugu. The decreasing trend in relative humidity was also observed in other studies (Brown & DeGaetano, 2013; Shin et al., 2021). The decreasing decline in relative humidity might be attributed to the faster warming of the Earth. An increase in the Earth's temperature results in quicker evaporation of the water held in the air. The results revealed that the annual maximum temperature was stationary (ADF = -2.924, p-value = 0.043 < 0.05) which implies that the statistical parameters (mean and variance) were constant over time, which can be seen in Figure 1. Both annual relative humidity (ADF = -2.589, p = 0.095 > 0.05) and annual minimum temperature (ADF = -2.693, p = 0.075 > 0.05) showed non-stationarity.
3.2.3 Change Point Detection
The identification of a change point in minimum temperature around 2020-2022 (Figure 9) suggests that warming has not proceeded uniformly but rather includes periods of accelerated change. Amadi et al. (2020) emphasised that recent change points in climate time series may indicate emerging responses to intensifying climate change that could signal the beginning of more rapid transitions.
Change point detection using distribution-free CUSUM analysis identified significant shifts in both annual minimum temperature (Figure 9) and relative humidity (Figure 11). Table 5 presents the Cumulative Sum (CUSUM) values for annual maximum, minimum and relative humidity values from 1992 to 2022. For the annual maximum temperature, the CUSUM value reached 6, just below the 90% confidence threshold of 6.79, suggesting no statistically significant change point in the time series. For the annual minimum temperature, the CUSUM plot revealed a maximum value of 7 in 2022, exceeding the 90% confidence threshold of 6.79. This indicated a statistically significant change point, suggesting that the annual minimum temperatures underwent an abrupt shift in recent years rather than changing gradually throughout the study period. For relative humidity, distribution free CUSUM analysis revealed a maximum value of 8, exceeding the 90% confidence threshold of 6.79, indicating a statistically significant change point around 2012. 
Sequential Mann-Kendall analysis corroborated these findings and are presented on Table 6. For the annual minimum temperature, the progressive and retrograde series intersected clearly around 2020-2021, identifying these years as probable change points. This alignment with the CUSUM analysis (which identified 2022) provides strong evidence for a recent fundamental shift in Enugu's annual minimum temperature regime. For maximum temperature, the Sequential Mann-Kendall test identified 2017 as a probable change point, somewhat consistent with the CUSUM suggestion of a change around 2015. Though, neither method produced definitive statistical significance for the annual maximum temperature changes. For annual relative humidity, Sequential Mann-Kendall test identified probable change points in 2001-2002 and again in 2013, suggesting possible multiple regimes shifts in humidity patterns. The 2012-2013 period emerges as the most consistent signal across both methods for a humidity change point. However, care should be taken in interpreting the change point when multiple crossings occur.  
5 Conclusion
Based on the data analysis carried out in this study, the following conclusions can be drawn:
(1) The trend analysis revealed that annual minimum temperature exhibited a statistically significant increasing trend, with linear regression showing a slope of 0.068°C/year (p-value = 0.035, R² = 0.144) and Mann-Kendall test confirming the trend (tau = 0.284, p-value = 0.031; Sen's slope = +0.045°C/year). This represents approximately 1.4°C warming over the study period, with projections suggesting a potential 4.5 to 6.8°C increase over the next century if current warming rates persist. 
(2) In contrast, maximum temperature showed non-significant trends after trend-free pre-whitening correction (tau = 0.156, p-value = 0.232). 
(3) Relative humidity exhibited no significant trend (tau = -0.113, p-value = 0.385); and
(4) A significant change point in minimum temperature occurred around 2020-2022 (CUSUM value = 7, Critical Value = 6.79), indicating a recent increase in warming in Enugu. The increasing trend in the warming of minimum temperatures over maximum temperatures strongly indicates urban heat island effects in Enugu.
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