VARIABILITY OF SURFACE AIR TEMPERATURE AND RELATIVE HUMIDITY AT A TROPICAL SITE IN OSOGBO, NIGERIA

[bookmark: _GoBack]
ABSTRACT
The warmness experienced at the lowest strata of the earth’s atmosphere is largely caused by the increase in air temperature and relative humidity due to the greenhouse gases (GHGs). Consequently, this has significant impact on health conditions and detrimental to human fitness. However, changes in response to the climatic forcing within the boundary layer has substantial impacts on temporal trends of the atmospheric parameters. Therefore, this study utilized eight weeks (8) PurpleAir data (May 1 to June, 30, 2022) acquired from African Centre for Space Science and Technology Education (UN-ARCSSTE-E), NASRDA situated at the Osun State University, Campus, Osogbo, Osun-State to study the variation of surface air temperature, relative humidity and the nexus in the variability. The data collected were sampled at 2 s interval and the dataset were reduced to 30 minutes average for each day and the statistical analyses were carried out using Micro Cal Origin software and Open-Air project for R-statistics. The results showed that at night, the air temperature had similar relationship with relative humidity, it was still lower than the optimum temperature zone, say, (24-30°C). Additionally, two relative humidity peaks were observed in the early morning and at night, aligning with two low points (troughs) in surface temperature. These low temperatures were primarily due to nighttime cooling and loss of heat through long wave radiation. The relative humidity peaks observed in the early morning were attributed to intensified convective activities. Also, the atmosphere were noticed to be more stable at night with reduced turbulence. This stability impedes vertical mixing, allowing moisture to accumulate near the surface, thereby contributing to the higher relative humidity observed during nighttime hours. Correlation analysis between temperature and relative humidity showed that from week 1 to week 8, surface air temperature had a cumulative decrease of 1.32oC while relative humidity had cumulative increase of 4.25% at Osogbo. On the average, 3.21% increase in relative humidity had a correlation of 1oC decrease in surface air temperature at Osogbo.


1.0	INTRODUCTION
The continued buildup of greenhouse gases may force any number of changes to the climate system including the highly-popularized prediction for an increase in mean global temperatures [2]. However, changes in temperature variability are also important in determining the future temperature distributions. While the newer numerical models of climate predict less warming with realistic greenhouse changes than do earlier versions, predictions of temperature variability remain inconsistent [12]. The increase in the major greenhouse gases such as carbon dioxide, CFCs and so on has led to an increase in surface layer air temperature and relative humidity [5]. 
The fluctuation in climate influenced by meteorological variables has led into investigating changes in mean values of some important parameters such as temperature and relative humidity, both for short and long-terms [4]. Previous researches over the years have shown that there is climate change, unlike climate variability which is year-to-year deviation from the mean value. The variability in turn affects the society, bio ecosystem and agricultural yields [8]. Meteorological variables such as surface air temperature and relative humidity contribute immensely to global warming thereby resulting in fluctuations in weather patterns [33]. In addition, anthropogenic activities such as burning of fossil fuels, factory operations and deforestation resulted in the rapid increase in greenhouse gases which is responsible for the global warming [25]. 
The relative humidity constitutes the global atmospheric energy budget cycle due to wind transport which moves water around the earth atmosphere resulting in cloud and precipitation formation [18, 16]. However, water vapor increases due to the greenhouse gas (GHG) and has resulted in the reduction in the escape of longwave radiation and contributed to further warming [20, 28]. Previous researcher reported that an average of 0.7–0.8oC increase in surface temperature were observed over the western Africa region [26, 11]. Also, the mean global surface temperature has increased approximately by 0.3-0.6°C in the last decade prior to the last one [21, 17]. 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 [29, 27]. This increase in surface layer air temperature also enhances rapidly and significantly contributes to global warming [19, 24]. Water vapor and relative humidity based on research, have the greatest positive feedback on global warming. Based on the projections by climate models, there is drastic vapor during the 21st century [22, 31]. 
In Nigeria, [9] reported that the changes in surface layer air temperature and relative humidity are observed that Kano which is under tropical Savannah climate is very hot while Port-Harcourt which is closer to the coast experienced flooding due to rise in sea level and erosion. Simmons, [30], also observed a decreasing trend in relative humidity (RH) over some regions in Europe. He attributed the decreasing trend in relative humidity and surface-air temperature to a lack of moisture from the oceanic region. Relative Humidity, on the other hand, shows significant positive trend across the U.S [32, 7]. Relative humidity increased by 0.5 to 2% per decade on a global scale, which was attributed to increases in surface-air temperature, low-level clouds, and specific humidity [34].
In characterization of land surface air temperature anomaly over Nigeria conducted by [1], seventeen gridded stations across the latitude over Nigeria were selected to determine and characterize land surface air temperature (LSAT) anomaly for both minimum and maximum values within a period 2008 – 2013. Long-term averages of minimum and maximum land surface air temperatures were obtained from National Aeronautics and Space Administration satellite meteorological dataset (1983 – 2007). The results showed that Jos had consistently experienced -10.8 and -4 percent decrease in minimum and maximum LSAT anomaly for the period under review. The implication is that Jos was getting colder than usual. The minimum LSAT anomaly declined by -2.8 percent in Lagos. Other stations across Nigeria showed a considerable percentage increase in minimum LSAT anomaly led by Yola (19.5%), Sokoto (18%) and Katsina (15.5%). Inland stations had percentage increase of minimum LSAT anomaly ranging between 5.8% and 10% except in Osogbo where the percentage increase was 1.8%. Osogbo is a less populated capital city of Osun state with active agricultural activities as heat sink. Percentage increase of minimum LSAT anomaly was not significant in Nigerian coastal areas most especially at Port Harcourt (0.5%). The spatial distribution of maximum LSAT anomaly across Nigerian latitudinal belt, unlike minimum LSAT anomaly, reduced in trend except in Lagos, Makurdi, Abuja, Bida, Minna and Kano. The minimum and maximum anomaly for maximum LSAT was observed at Jos and Makurdi respectively. There are 2 stations to be watched in terms of getting colder in the years ahead namely Jos and Osogbo while Makurdi and Yola were gradually becoming hotspots.
Previous studies showed the surface-air temperature and relative humidity vary with space and time, and is affected by topological factors [6]. More importantly, radiative conditions and the local energy balance regime influence the magnitude distribution of Surface-Air temperature [23]. On the other hand, the magnitude of local surface energy budget balance is determined by the instability of atmospheric conditions as well as Earth surface characteristics [15]. Surface layer air temperature decreases as the topographic elevation increases. But despite the series of researches conducted in Nigeria on the variability of air temperature and relative humidity, the study conducted by [1] pointed out that Osogbo is a station to watch out for, hence, there is need to carry out more intensive study of meteorological variation beyond annual mean values. Thus, this study investigates the variation in the surface air temperature and relative humidity at Osogbo to provide more detailed information on the interactions between temperature and relative humidity.


2.0	MATERIALS AND METHODS
2.1	Description of the Study Area
The study location is situated at UN-ARCSSTE-E laboratory in Osun State University, Osogbo Campus supervised by NASRDA. Osogbo is the capital territory of Osun State in the southwestern geopolitical zone of Nigeria. The study area is in a tropical climate with two prevailing seasons (Wet and Dry). The wet season is characterized by warm, oppressive and overcast spanning from April to October while the dry season is usually hot, muggy and partly cloudy which is from November to March. The average annual rainfall amount of the study area is 1361 millimeters (about 53.6 inches) with the relative humidity ranges from 46-88 % annually. Also, the annual mean temperature is about  and the wind flow is relatively weak (about 3.0 m/s or less) at the surface. Figure 1 depicts the geographical map of the study location in Osogbo.


2.2	Sampling and Analysis of Meteorological Parameters
In this study, eight weeks (8) Purple Air data (May 1 to June, 30, 2022) were collected from UN-ARCSSTE-E laboratory at Osun State University, Osogbo campus. PurpleAir sensors generate high resolution of laser particle counters for real-time observation and measurement of particulate matter particularly PM1, PM2.5 and PM10 as well as other meteorological parameters. This was aided by CAR’s collaboration with Pennsylvania State University The data collected were sampled at 2 s interval and the dataset were reduced to 30 minutes average for each day. The 30 minutes average dataset were used in this study for data analysis on weekly basis and plotting of the time series of the meteorological parameters. Also, the statistical analyses were performed using Micro Cal Origin software and Open-Air project for R-statistics [10, 14, 3]. Diurnal variation and weekly statistics of surface temperature and relative humidity were obtained. Correlation between surface temperature and relative humidity was also analyzed. 
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Figure 1: The Geographical Map of the Study Location in Osogbo.


3.0	RESULTS AND DISCUSSIONS: Variations of Air Temperature and Relative Humidity
[bookmark: _Hlk125241898]Figure 2 depicts the diurnal variation of surface air temperature and relative humidity for week 1 to 4.  It was observed that the air temperature increased at 7:00 hours during the daytime in response to solar heating activities, it reached the peak at 15:00 hours and decreased immediately after the sunset to reach the minimum in the night time. During the observation period, week 1 presented nearly uniform temperatures between 0:00 and 06:00 hours and later increased to a maximum temperature of 35.910C at 16:00 hours and attained minimum temperature value of 27.01oC at 6:00 hours.  The diurnal estimated range was 8.9oC with a mean value of 30.2oC. Relative humidity had opposite trend compared to the air temperature variations with a minimum value of 43.16% at 16:00 hours while the highest value was 68.71% at 6:00 hours with a range value of 25.55%.
For week 2, It was noticed that the air temperature at the early hours had similar variations with what was observed in week 1 and later increased to reach its maximum value of 38.86OC with a range value of 2.96OC (Table 1).  Also, an apparent decline in air temperature was observed around 18:00 hours to attain its minimum value of 27.93OC. A temperature difference of 2.1OC was observed between week 1 and week 2 temperature mean value which is an indication that there was more increase in solar heating in week 2. The relative humidity had minimum value of 36.82% at 16:00 hours while the maximum value of 65.76% at :00 hours was recorded. Week 3 Recorded a minimum temperature of 26.980C at 6:00 hours while the highest temperature of 37.80C at 16:00 hours was noticed with a range value of 10.820C. The minimum relative humidity was 38.06% at 16:00 hours while the highest relative humidity was 66.96% at 6:00 hours with a mean value of 56.98%.
Week 4 had the lowest temperature of 26.090C and the highest temperature was 36.710C, the temperature range difference was 10.620C while the minimum relative humidity of 39.18% and maximum relative humidity value of 68.44% was recorded with a mean value of 57.71%. Fig. 3 presented the diurnal variation of air temperature and relative humidity. It is observed in week 5 that the air temperature increases around 6:00 hours to reach its peak at 15:30 hours. As observed during the study period, week 5 temperature ranged from 26.9-38.60C with a mean value of 31.200C (Table 1). The lowest relative humidity value was 36.37% while the highest value was 69.11%. In week 6, the air temperature was noticed to be minimum around 6:00 hours and increase significantly to attain its peak (35.78%) around 15:30 hours and sharply dropped in values around 16:00 hours till the evening time.  Relative humidity minimum value was 43.33% while its maximum value was found to be 67.63%. Week 7 had the minimum temperature value of 26.250C while its maximum value was 34.820C with a temperature range of 8.570C.  The minimum relative humidity was 44.33% while the maximum relative humidity was 69.14%. Week 7 was observed to be the most humid during the observation period. In week 8, Minimum temperature value was found to be 25.900C while the maximum temperature value was noticed to be 33.840C with range value of 7.940C.  The minimum relative humidity was 46.23%, while the maximum relative humidity was 69.44% with the range and mean values of 23.21 and 60.34% respectively. 
It was generally observed in Figure 2 and 3 that relative humidity tends to lag behind the peak in surface air temperature during the periods of deep convection, which were most noticeable in the late afternoon and evening. This suggests that as surface air temperature rises, the air above the surface could hold more water vapor resulting in a noticeable drop in relative humidity and leading to relatively stable moisture content throughout the day. Additionally, two relative humidity peaks were observed in the early morning and at night, aligning with two low points (troughs) in surface temperature. These low temperatures were primarily due to nighttime cooling and loss of heat through long wave radiation. Moreover, relative humidity was observed to reach its lowest levels in Figure 2 and 3 during the afternoon, coinciding with the highest surface air temperatures. This inverse relationship occurred because relative humidity largely depends on how much moisture the surface air can hold, as such warmer air can hold more moisture than cooler air. As a result, relative humidity tends to drop during the day and higher during the night or cooler periods. The relative humidity peaks observed in the early morning were attributed to intensified convective activities and the results is in agreement with the findings of Moradi et al., (2016). More so, the atmosphere tends to be more stable at night with reduced turbulence. This stability impedes vertical mixing, allowing moisture to accumulate near the surface, thereby contributing to the higher relative humidity observed during nighttime hours.
[bookmark: _Hlk211421470][bookmark: _Hlk211421619]The correlation plots presented in Figure 4 and 5 showed that the surface air temperature had a strong negative correlation with relative humidity. From week 1 to week 2, 2.10oC increase in surface air temperature had 5.57% decrease in relative humidity; from week 2 to week 3, 1.49oC decrease in surface air temperature had 3.26% increase in relative humidity; from week 3 to week 4, 0.84oC decrease in surface air temperature had 0.73% increase in relative humidity; from week 4 to week 5, 1.23oC increase in surface air temperature had 1.32% decrease in relative humidity; from week 5 to week 6, 1.13oC decrease in surface air temperature had 2.28% increase in relative humidity; from week 6 to week 7, 0.99oC decrease in surface air temperature had 2.27% increase in relative humidity; from week 7 to week 8, 0.20oC decrease in surface air temperature had 0.60% decrease in relative humidity. 




Table 1: 	Summary of the Statistical Analysis of Air temperature (T) and Relative Humidity (rh) at the Study Area.
	Weeks
	Parameters
	Min.
	SD
	Max.
	Range
	Mean

	Week 1
	T
	27.01
	3.04
	35.91
	8.90
	30.20

	
	r h
	43.16
	9.08
	68.71
	25.55
	59.29

	Week 2
	T
	27.93
	3.84
	38.86
	10.93
	32.30

	
	r h
	36.82
	10.38
	65.76
	28.94
	53.72

	Week 3
	T
	26.98
	3.65
	37.80
	10.82
	30.81

	
	r h
	38.06
	10.41
	66.96
	28.90
	56.98

	Week 4
	T
	26.09
	3.62
	36.71
	10.62
	29.97

	
	r h
	39.18
	10.09
	68.44
	29.26
	57.71

	Week 5
	T
	26.98
	4.20
	38.58
	11.59
	31.20

	
	r h
	36.37
	12.03
	69.11
	32.74
	56.39

	Week 6
	T
	26.99
	3.01
	35.78
	8.79
	30.07

	
	r h
	43.33
	9.08
	67.63
	24.30
	58.67

	Week 7
	T
	26.25
	3.14
	34.82
	8.57
	29.08

	
	r h
	44.33
	9.29
	69.14
	24.81
	60.94

	Week 8
	T
	25.90
	2.83
	33.84
	7.94
	28.88

	
	r h
	46.23
	8.67
	69.44
	23.21
	60.34
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Figure 2: Diurnal Variations of the Air Temperature and Relative Humidity between Week 1 and Week 4 at the Study Site
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Figure 3: Diurnal Variations of the Air Temperature and Relative Humidity between Week 1 and Week 4 at the Study Site
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Figure 4: Correlation between Air Temperature and Relative Humidity for Week 1 to 4 at the Study Area
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Figure 5: Correlation between Air Temperature and Relative Humidity for Week 5 to 8 at the Study Area.

4.0	CONCLUSION
[bookmark: _Hlk125242049][bookmark: _Hlk211424271]Surface air temperature has a great influence on relative humidity. As a consequence, the effect is significant and greatly impact on human health and detrimental human fitness. However, changes in response to the climatic forcing within the atmospheric surface layer, the atmospheric parameters is greatly affected. This study employed eight weeks (8) Purple Air data (May 1 to June, 30, 2022) acquired from UN-ARCSSTE-E, NASRDA meteorological station situated at the premises of Osun State University, Osogbo Campus, Osun-State. The results showed that at the air temperature was in accordance with existing correlation with relative humidity, the temperature was lower than the optimum temperature zone, (24-30°C). During the period of observations, surface air temperature decreased while relative humidity increased cumulatively. Temporal analysis of the temperature pattern distribution showed that relative humidity pattern decreases more rapidly leading to the heat-surge scenarios. This was followed by a slower return to normal condition afterward. Correlation analysis between temperature and relative humidity showed that from week 1 to week 8, surface air temperature had a cumulative decrease of 1.32oC while relative humidity had cumulative increase of 4.25% at Osogbo. On the average, 3.21% increase in relative humidity had a correlation of 1oC decrease in surface air temperature at Osogbo.
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