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ABSTRACT
This project work examined the 5-year smooth surface air temperature between 1901 and 2023 based on secondary data collected from World Bank website. The study employed deterministic time series techniques and the results shows that the trend of the 5-year surface air temperature exhibit irregular upward movement along the series and likely to increase in the near future. Also, a fitted linear model coefficients are statistically significant and adequate to predict future surface air temperature. Finally, the positive slope of the fitted model indicate that the surface air temperature will continue to increase in the near future.
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CHAPTER ONE
INTRODUCTION
1.1 Background to the study
Surface air temperature is essentially an invaluable weather and climate element and an important indicator of climate change and variability. Assessing its character is very paramount towards having a clear insight about climate change and variability, which maybe different at local, regional and global scales. The Inter-Governmental Panel on Climate Change report (IPCC, 2002) and Malhi & Wright (2004) have pointed out that worldwide, the earth’s global atmosphere is experiencing a swift and human-driven change, with no previous antecedent in both its absolute potential magnitude and change rate. Globally, mean air surface temperature has increased by about 0.74°C and anticipated increase is projected to range between 1.6°C and 4.5°C by2100 with its change rate being considerably different amongst regions (IPCC, 2007). In the last few decades, climate change has been adjudged as perhaps, a serious debilitating and unending environmental concern to the global community, especially in low- and medium-income nations of the world, where majority of their economic activities are seriously vulnerable to climate change. Rising ambient surface air temperatures has triggered off an increased frequency, intensity and duration of heat related events, including heat waves in quite a number of regions. The rate at which droughts occur and their intensity, has increased in some regions and an increase in the intensity of heavy precipitation events at a global scale has also been reported (IPCC, 2019).Worldwide, increase in air surface temperature has been quite widespread during the last few decades, and more significant at higher latitudes in the northern hemisphere. Heterogeneous land surface types and surface albedo, changing evapotranspiration rates and carbon cycle influencing climate in diverse ways has been suggested to be culpable for the variations in the spatial distribution of air surface temperature (Meissner et al., 2003; Snyder, 2004; Dang et al., 2007).
Climate is commonly defined as the synthesis of weather averaged over a long period. It is the statistically appreciable variations of weather parameters that stay for a long period, which could be decades or longer. This is the frequency and magnitude shift of sporadic weather events as well as the slow continuous rise in global mean surface temperature. The purpose of the use of climate data differs but the standard averaging period is 30 years (World Meteorological Organization (WMO), 2017) The anomaly of climate parameters degenerates to climate change which is one of the greatest environmental, social, and economic threats facing our world today (Chomitzet. al., 2006). Climate change occurs because of changes to Earth’s environment, like changes in its orbit around the sun or human modification of the atmosphere. There is nothing inherently wrong with climate change. It has happened in the past and will happen again. The current concern stems from the rate of change – how quickly changes are happening that is beyond human provision for adaptation. Scientists have found that the current rate of temperature increase is higher than any previously seen in the last 800,000 years. The most meteorological variables used in climatic trend studies are rainfall and temperature (Ferrari et al 2018; Medori et al.2012). Globally, the symptoms of the climate change problem are manifesting through, flora and fauna, melting glaciers, and decreasing mountain snow caps. For example, the mosquito belt has considerably expanded to higher elevations due to the temperature increase, frequency, and droughts. From the aggregate of the past events of the earth, climate (global, regional, and local) has never been static. The nonstatic natures are in various magnitudes ranging from variability through fluctuation, trends, and abrupt to gradual changes (Ayoade, 2003).Evidence of global climate change in the past 100 years are shown in the empirical observations and climate models and will likely change more rapidly in the future (Adeleke et al., 2018). There is a term ʺclimate normalʺ. The World Meteorological Organization (WMO)describes climate normal as lubber line used by the Climatologists to relate current climate trends to that of the past (Normal) so as to predict for the future. Scientists traditionally define it as an average over a recent 30- year period (World Meteorological Organization (WMO) (2017). Increase in temperature; rainfall variation; rise in sea level and flooding; drought and desertification; loss of biodiversity; frequent extreme weather events occurrence has been the evidences of changing climate in Nigeria (Elisha et. al 2017; Akande et al 2017). It is widely projected that as the planet warms, climate and weather variability will increase. Changes in the frequency and severity of extreme climate events and in the variability of weather patterns will have significant consequences for human and natural systems. Increasing frequencies of heat stress, drought and flooding events are projected for the rest of this century, and these are expected to have many adverse effects over and above the impacts due to changes in mean variables alone (IPCC, 2012 & IPCC, 2013).
According to Hood (2019) and Herrig & Lindsey (2020), the detailed observations of surface temperature assembled and analyzed by several different research groups showed that the planet’s average surface temperature was 1.4°F (0.8°C) warmer during the first decade of the 21st century than during the first decade of the 20th century, with the most pronounced warming over the past three decades. Since 1980s, temperature has increased significantly (Federal Ministry of Environment, 2014). Also, weather events in different ecological zones revealed that temperature will continue to increase in the foreseeable future (Akande et al 2017). There have been records of farmlands reduction, poor crop yields and lower agricultural productivity, because of higher temperatures, lower rainfall, drought and desertification (Ogbuabor and Egwuchukwu, 2017).

1.2 Aim and objectives of the study
The aim of this project is to study the pattern of the 5-year smooth data series of Nigeria surface air temperature trend using time series techniques.
The objectives are;
i. To examine the distribution of data series within the period under study. 
ii. To identify and fit appropriate model that best describe the data series. 
iii. To forecast the expected future value of surface air temperature data series. 
1.3 Scope and limitations of the study
This project covers 5-year smooth data series of Nigeria surface air temperature observations from 1901 to 2023 as reported on World Bank website. The analysis and results are limited to the period under review using Time series techniques.











CHAPTER TWO
LITERATURE REVIEW
2.1 Literature review
Temperature variations play a major role in climate variability, as such the need to continue to monitor the trends of temperature even in locations where temperature pattern has been established is necessary. Climate Change has been a focus of research due to the fact that the consequences of the impact of Climate Change affect human activities and the natural environment significantly, resulting in havoc all over the world (Oyewole, 2015 & Zoellick, 2009). The temperature trends vary on a global scale, from the usually cold weather condition at Arctic region to the usually warmer conditions at the Tropics.
Global Warming is a gradual increase in Earth’s temperatures. The U.S National Research Council reported that the Earth planet reached the hottest level that it has never seen in the last 400 years, and possibly even the last 2,000 years. Studies have shown that the mean global surface temperature has increased by approximately 0.3-0.6°C over the decades prior to the last one (Lau & Weng, 1999). This is the largest increase recorded in surface temperatures in the last 1,000 years and scientists predict an even greater increase over this century. This warming of the globe is largely attributed to the increase of greenhouse gases in the Earth's atmosphere mainly caused by human burning of fossil fuels, industrial, farming, and deforestation activities (Douglas & Kenneth, 1997).However, solar activity also contributes a certain percentage to global temperature rise (Friis-Christensen & Lassen, 1991). 
In Central Asia, it was observed that the region’s average near-surface air temperature rose by 1°C – 2°C during the twentieth century. Karl et al (1993) analyzed temperature data from 37% of global land mass and found high increment in the minimum compared to the maximum temperature. Overall, year 2014 was the warmest year across global land and ocean surfaces since records began in 1880. The annually-averaged temperature was 0.69°C above the 20th century average of 13.9°C, easily breaking the previous records of 2005 and 2010 by 0.04°C (Yusuf et al., 2017). In Nigeria, according to the year 2012 Nigeria Climate Review, maximum temperatures during the hot season (February - March in the south and March – April in the north) showed that the temperatures ranged between 30.1 and 40.0°C. The maximum temperature gradually increased inland from the coastal areas, with the exception of Jos and its environs (NIMET, 2012). The southeast coastal areas had mean maximum temperatures of 30.0 – 33.0°C, while the coast of the southwest and the inland cities of the south recorded maximum temperatures between 33.0 – 36.0°C. Maximum temperatures over the north central parts ranged between 36.0° - 38.0°C during the period except for Jos and its environs which had mean maximum temperature ranging between 30°-36°C. Jos recorded the lowest maximum temperature of 30.1°C. In other parts of the north, maximum temperatures were between 38.0° - 40.0°C [20]. However, the seasonal northward and southward oscillatory movement of the Inter-Tropical Discontinuity (ITD) largely dictates the weather pattern of Nigeria (Ojo, 2012). The moist south-westerly winds from the South Atlantic Ocean prevail over the country during the rainy season (April – October). On the other side, north-easterly winds, which rise and transport dust particles from the Sahara Desert prevail from the north to the south part of Nigeria during the harmattan period (November – March). The overall changes in temperature and other meteorological variables determined the changes in climate in Nigeria (Ojo, 2012).
[bookmark: _GoBack]Yusuf et al (2017), results shows that in overall, temperature variations in Nigeria were observed to have higher values in the far north, attributed to the influence of Sahara Desert, which has less cloud cover and therefore is more transparent to solar irradiance and lowers values in the south, where there are more cloud cover and abundant vegetation. In conclusion, measured maximum and minimum temperatures in Nigeria are respectively 43.1°C at Yola (north-east part of Nigeria) and 10.2°C for Jos (north-central part of Nigeria). The least temperature variations were recorded for stations in the southern part of the country, while the largest variations were recorded in the north-central region of the country.
Ayeni and Oloukoi (2022), the result revealed increase in observed temperature above the standardized temperature (1981 to 2010). At the end of the first decade (2000), the temperature rose above normal by 1.0°C, while at the end of second decade (2010) and third decades (2020), the temperature increased by 1.9°C and 1.6°C respectively. The findings also revealed that the maximum and minimum temperature of the Satellite Land Surface Temperature increases with decades. In the same vein, the average LST increases from the base year (1990) (26.4°C), to 27.2°C, 27.3°C, and 28.3°C in the year 2000,2010 and 2020 respectively. The decadal increase was 0.8°C (3.0%) between 1990 and 2000; 0.1°C (0.4%) between 2000 and 2010; and 0.1°C (3.6%). The time series showed a trend variation while the time plot showed irregular pattern in the data series. Minimum and maximum temperature series for Akure attained stationarity since p-value (0.001) for the series are less than 5% level of significance. Temperature values is predicted to be in its highest every February of the forecasted years in Akure with February 2022 having the highest forecasted temperature of 34.70C. The indication of these finding is attestation to climate change and to prepare the stake holders to be well prepare to avert the danger of global warming. Further study can be conducted on rainfall variation in the study area.
According to King et al (2024), the trends and variability in surface air temperatures over selected ecoclimatic zones in Nigeria were assessed using Merra-2 datasets from 1981 to 2018. A total of 15 stations spread across the eco-climatic zones in Nigeria were used for this study. The Mann-Kendall, linear trend and Sen’s slope trend test, time series plots and descriptive statistics were used. The coefficients of variability of surface air maximum temperature showed low variability for the Mangrove-swamp rainforest and moderate variability for the Guinea-wooded, Sudan and Sahel savannas. Similarly, the coefficients of variability of surface air minimum temperature showed moderate variability for all the selected eco-climatic zones. The M-K trend test showed that 14 stations had upward trends and 1 downward trend, with 13 stations having statistically significant trend in air surface maximum temperature. All the stations had statistically significant upward trends in air surface minimum temperature. The average increase in maximum and minimum air surface temperatures is estimated to be about 0.035°C and 0.036°C per year, respectively. For Nigeria, the average air surface temperature is estimated to increase by about 0.036°C per year, and the average air surface temperature is estimated to have increased by about 1.4°C over the 38 years. This study then gives a linear trend projection of about 4.3°C increase in estimated mean air surface temperature by year 2100 in Nigeria.










CHAPTER THREE
METHODOLOGY
3.1 Method of data collection
The data set used in this project is a secondary data on 5-year smooth data series of Nigeria surface air temperature ranging from 1901 to 2023 as reported on World Bank website.
3.2 Statistical Methods
3.2.1 Time series analysis
A time series is a set of statistics, usually collected at regular intervals. Time series data occur naturally in many application areas. The methods of time series analysis pre-date those for general stochastic processes and Markov Chains. The aims of time series analysis are to describe and summarize time series data, fit low-dimensional models, and make forecasts. 
The real-valued series of observations can be written as , a doubly infinite sequence of real-valued random variables indexed by . 
3.2.2 Trend, seasonality, cycles and residuals
One simple method of describing a series is that of classical decomposition. The notion is that the series can be decomposed into four elements: Trend () — long term movements in the mean; Seasonal effects () — cyclical fluctuations related to the calendar; Cycles () — other cyclical fluctuations (such as a business cycles); Residuals () — other random or systematic fluctuations. 
The idea is to create separate models for these four elements and then combine them, either additively  
or multiplicatively 
 

3.2.3 Time series Least Square Method
In this method, the goal for a given the data (xi’s and yi’s) is to ﬁnd  and  that determines the line with the best ﬁt to the data series. The principle of least squares regression states that the best choice of the linear relationship is the one that minimizes the square in the vertical distance from the y values in the data and the y values on the regression line. This choice reﬂects the fact that the values of x are set by the experimenter and are thus assumed known.
A series  with linear trends, using least square method
										(3.1)
Where,  is the error term in the equation, while  and  are constant to be estimated. 
Here we assumed that, the errors term,  are normally independent and identically distributed with mean,  and variance , i.e. .

We use normal equation to estimate  and 

Hence

Then, estimate  and  by minimize error to obtain the sum of squares as follows:
Ʃ= Ʃ
Then, differentiate w.r.t  and  and set to zero, we have
-2 Ʃ=0
 									(3.2)


 									(3.3)
Solving equation (3.2) and (3.3) simultaneously we have
	

Then the fitted trend is
,  		.							(3.4)

	














CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND RESULTS
4.1 Data presentation
The data use for this project work are displayed in the Table 4.1 below on 5-year smooth Nigeria surface air temperature (o C) data series. 
Table 4.1. Data set on 5-year smooth Nigeria surface air temperature (o C) (1901 – 2023)
[image: ]
Source: World Bank
The graphical representation of the data series are shown in Figure 4.1 below;



[image: ]
Figure 4.1. Time plot of 5-year smooth of surface air temperature

From Figure 4.1, it can be observed that the data series of surface air temperature exhibit irregular up and down movement over the years which steadily rise in the recent years.
This suggests that the surface air temperature will likely continue to increase in the near future.
4.2 Data analysis and results
	Table 4.2. Descriptive statistics

	Surface Air Temperature, Nigeria (1901-2023)

	N
	Valid
	123

	Mean
	26.9933

	Median
	26.9200

	Mode
	26.92

	Std. Deviation
	.30640

	Variance
	.094

	Skewness
	.380

	Std. Error of Skewness
	.218

	Kurtosis
	-.936

	Std. Error of Kurtosis
	.433

	Minimum
	26.46

	Maximum
	27.58



From Table 4.2, the average for surface air temperature is about 27oC with standard deviation of 0.31oC indicating low variability within the data series over the year. The surface air temperature ranging from 26.46oC to 27.58oC highest experience along the series. Also, distribution of the data series is not normally distributed as shown in Figure 4.2 since the Skewness (0.38) ≠ zero and Kurtosis (- 0.936) < 3 which is the rule of thumb for normality.
[image: ]
Figure 4.2. Normality plot of 5-year smooth surface air temperature
From Figure 4.2, it can be observed that the all the histogram bar did not fall under the normal curve which indicates the data series deviate from normality.
	Table 4.3. Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	.483a
	.233
	.227
	.26937
	.038

	a. Predictors: (Constant), Time (Period)
	
	

	b. Dependent Variable: 5-yr smooth Surface Air Temperature, Nigeria (1901-2023)


From Table 4.3, R (0.483) and R-squared (0.233) indicate a fairly relationship of the data series against time (year). Also, Durbin-Watson (0.038) statistic is relatively very low suggesting a moderate positive autocorrelation along the lags series.
	Table 4.4. ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.     (p-value)

	1
	Regression
	2.674
	1
	2.674
	36.849
	.000a

	
	Residual
	8.780
	121
	.073
	
	

	
	Total
	11.453
	122
	
	
	

	a. Predictors: (Constant), Time (Period)
	
	
	

	b. Dependent Variable: 5-yr smooth Surface Air Temperature, Nigeria (1901-2023)



From Table 4.4, the null hypothesis (H0) is rejected since the p-value (0.000) < α = 0.05 (level of significance) which suggests that the fitted model can adequately describe the data series. In other words, the model capture most information about the data series.

	Table 4.5. Model Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.      (p-value)

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	26.736
	.049
	
	547.040
	.000

	
	Time (Period)
	.0042
	.001
	.483
	6.070
	.000

	a. Dependent Variable: 5-yr smooth Surface Air Temperature, Nigeria (1901-2023)



From Table 4.5, all the coefficients of the fitted model are statistically significant since the p-value = 0.000 < α = 0.05 (level of significance). Hence, the fitted time series model can be written as

[image: ]
Figure 4.3. Plot of the observed and fitted linear model of the surface air temperature

The Figure 4.3 shows that the fitted linear model has a positive slope of 0.0042 which is the rate at which surface air temperature varies with respect to time over years. This implies that the surface air temperature will continue to increase in the near future based on the observed data series. 
	Table 4.6. Residuals Statisticsa

	
	Minimum
	Maximum
	Mean
	Std. Deviation
	N

	Predicted Value
	26.7400
	27.2466
	26.9933
	.14804
	123

	Residual
	-.59147
	.52048
	.00000
	.26826
	123

	Std. Predicted Value
	-1.711
	1.711
	.000
	1.000
	123

	Std. Residual
	-2.196
	1.932
	.000
	.996
	123

	a. Dependent Variable: 5-yr smooth Surface Air Temperature, Nigeria (1901-2023)



From Table 4.6, the mean of predicted surface air temperature is about 27oC which is the same with the actual series mean value (27oC). Also, the mean of the residuals is 0oC with approximate value of 1 (0.996) as standard deviation of the residuals which suggests independent of the observed data series over time and the fitted model can adequately describe the data series. That is, the fitted can be considered as a good fit to surface air temperature. 
























CHAPTER FIVE
SUMMARY AND CONCLUSION 
5.1 Summary of the findings
The following are the summary of the findings;
i. From Figure 4.1, it can be observed that the data series of surface air temperature exhibit irregular up and down movement over the years which steadily rise in the recent years. This suggests that the surface air temperature will likely continue to increase in the near future.
ii. From Table 4.2, the average for surface air temperature is about 27oC with standard deviation of 0.31oC indicating low variability within the data series over the year. The surface air temperature ranging from 26.46oC to 27.58oC highest experience along the series. Also, distribution of the data series is not normally distributed as shown in Figure 4.2 since the Skewness (0.38) ≠ zero and Kurtosis (- 0.936) < 3 which is the rule of thumb for normality.
iii. From Table 4.4, the null hypothesis (H0) is rejected since the p-value (0.000) < α = 0.05 (level of significance) which suggests that the fitted model can adequately describe the data series. In other words, the model capture most information about the data series.
iv. From Table 4.5, all the coefficients of the fitted model are statistically significant since the p-value = 0.000 < α = 0.05 (level of significance). Hence, the fitted time series model can be written as   
v. The Figure 4.3 shows that the fitted linear model has a positive slope of 0.0042 which is the rate at which surface air temperature varies with respect to time over years. This implies that the surface air temperature will continue to increase in the near future based on the observed data series. 
vi. From Table 4.6, the mean of predicted surface air temperature is about 27oC which is the same with the actual series mean value (27oC). Also, the mean of the residuals is 0oC with approximate value of 1 (0.996) as standard deviation of the residuals which suggests independent of the observed data series over time and the fitted model can adequately describe the data series. That is, the fitted can be considered as a good fit to surface air temperature. 
5.2 Conclusion
Based on the analysis, the results shows that the trend of the 5-year smooth surface air temperature exhibit irregular upward movement along the series and likely to increase in the near future. Also, a fitted linear model coefficients are statistically significant and adequate to predict future surface air temperature. Finally, the positive slope of the fitted model indicate that the surface air temperature will continue to increase in the near future.
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