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        Abstract



        
          Background:


          Simultaneous measurements of air temperature were carried out using automatic weather stations at 14 tropical locations in Nigeria. Diurnal variations were derived from the 5-minute update cycle initial data for the years ranging between 2007 and 2013. The temperature trends in Nigeria revealed a continuous variability that is seasonally dependent within any particular year considered.

        


        
          Method:


          The analysis was carried out using available data from the network and the results are presented with a focus to characterize the temperature variations at different locations in the country using the mean, maximum and minimum temperatures from the north which is arid in nature to the south, which is a tropical monsoon climate type and a coastal region.

        


        
          Result:


          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.

        


        
          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.
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      1. INTRODUCTION


      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 [1, 2].


      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.


      In addition, these trends are seasonally dependent [3]. Changes in temperature trends influence Global Warming. According to the Intergovernmental Panel on Climate Change (IPCC), the Green House Gas (GHG) emission is the main cause of Global Warming and the repercussion of the Global Warming/temperature rise would be on the increase for a long period, as long as the GHG emission is not brought under control [4].


      Global Warming is a gradual increase in Earth’s temperatures. The U.S National Research Council [5] 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 [6, 7]. 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 [8].However, solar activity also contributes a certain percentage to global temperature rise [9].


      It is obvious that the rate of Climate Change is different among regions [3]. This difference is caused by different category of land surfaces with varied albedo, evapotranspiration and carbon cycle affecting the climate in different ways [10, 11]. Several works have been carried out on climate systems all over the world. For instance in Europe, reference [12] evaluated mean, maximum and minimum air temperature data in Turkey during the period 1929–1999. Their results revealed spatio-temporal patterns of long-term trends of temperature, change points, and significant warming and cooling periods. The United States Environmental Protection Agency (USEPA) reported an increase in level of warming over the last 30 years [4]. Average global temperatures show a similar trend, and the top 10 warmest years on record worldwide have all occurred since 1998. Within the United States, temperatures in parts of the North, the West, and Alaska have increased the most [13].


      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 [14-17]. Reference [18] analysed 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 [19].


      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 [20]. 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 [21]. 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 [21].


      In this work, we investigated the temperature trend in Nigeria using a network of ground based Automatic Weather Stations (AWS) installed at different locations in Nigeria. Real-time data from the same equipment are strictly applied in spite of some missing data, which occurred either due to power failure or sensor malfunction. However, there is plan in the subsequent work to model the data spatially and temporally using computer Neural Networks. The concern in this present work is strictly to use real time ground-based measurements from equipment installed at each location on the network; while the main purpose of the paper is to categorize the minima, maxima and mean temperatures in the selected locations and also to present the results for tropical climate assessment, environmental study and applications in different fields such as agriculture but not limited to, especially now that Nigeria is focussed on restoring seasonal farming activities as it is undergoing an economic recession due to the drop in price of crude oil in the global market.


      
        Table 1 Size and duration of data used in the work.


        
          
            
              	Station Name

              	Geographical Longitude

              	Geographical Latitude

              	Number of Data Points

              	Duration of Data (Years)
            

          

          
            
              	Abuja

              	7.39°E

              	9.07°N

              	27542

              	2007-2011
            


            
              	Akure

              	7.19°E

              	6.85°N

              	8863

              	2010-2012
            


            
              	Akumgba

              	5.23°E

              	6.40°N

              	23118

              	2008-2011
            


            
              	Anyigba

              	7.17°E

              	7.49°N

              	24021

              	2010-2013
            


            
              	Eburimili

              	7.15°E

              	6.14°N

              	38819

              	2008-2013
            


            
              	Jos

              	8.85°E

              	9.89°N

              	31388

              	2008-2013
            


            
              	Lagos

              	3.50°E

              	6.53°N

              	27294

              	2007-2011
            


            
              	Makurdi

              	8.77°E

              	7.79°N

              	20551

              	2008-2011
            


            
              	Minna

              	6.18°E

              	9.62°N

              	25898

              	2008-2011
            


            
              	Nsukka

              	7.15°E

              	6.15°N

              	48309

              	2007-2014
            


            
              	Ogbomoso

              	3.60°E

              	6.91°N

              	9823

              	2012-2013
            


            
              	Porthacourt

              	7.04°E

              	4.81°N

              	26368

              	2008-2011
            


            
              	Redeemers

              	3.51°E

              	6.79°N

              	6867

              	2010-2011
            


            
              	Yola

              	12.69°E

              	9.58°N

              	20497

              	2009-2012
            

          
        


      


      
        Table 2 Mean maximum and minimum temperatures.


        
          
            
              	

              	Station

              	Maximum Temperature (°C)

              	Time Maximum Temperature is recorded (Local Nigerian Time)

              	Minimum

              Temperature (°C)

              	Time Minimum Temperature is recorded (Local Nigerian Time)
            

          

          
            
              	1

              	Abuja

              	42.1

              	26Mar2009@15h00

              	14.2

              	12Jan2011@06h00
            


            
              	2

              	Akungba

              	37.2

              	12Jan2010@15h00

              	15.9

              	12Dec2010@05h00
            


            
              	3

              	Akure

              	35.7

              	28Jan2011@16h00

              	14.7

              	11Dec2010@06h00
            


            
              	4

              	Anyigba

              	36.7

              	28Mar2012@15h00

              	17.0

              	05Dec2011@06h00
            


            
              	5

              	Eburimili

              	39.8

              	01Sep2011@18h00

              	16.4

              	01Sep2011@16h00
            


            
              	6

              	Jos

              	36.3

              	20Apr2008@15h00

              	10.2

              	16Jan2011@06h00
            


            
              	7

              	Lagos

              	38.3

              	28Feb2011@13h00

              	20.2

              	27Jan2008@05h00
            


            
              	8

              	Makurdi

              	41.3

              	03Mar2010@15h00

              	14.6

              	27Dec2009@06h00
            


            
              	9

              	Minna

              	41.2

              	01Apr2010@16h00

              	17.9

              	26Dec2009@00h00
            


            
              	10

              	Nsukka

              	37.4

              	28Mar2012@16h00

              	17.9

              	03Dec2011@06h00
            


            
              	11

              	Ogbomoso

              	38.1

              	16Feb2013@16h00

              	17.1

              	26Dec2012@06h00
            


            
              	12

              	Portharcourt

              	36.7

              	18Feb2008@15h00

              	20.2

              	19Jan2011@06h00
            


            
              	13

              	Redeemers

              	35.9

              	12Mar2011@14h00

              	16.0

              	01Jan2011@06h00
            


            
              	14

              	Yola

              	43.1

              	06Apr2010@15h00

              	17.0

              	17Jan2011@06h00
            

          
        


      


      
        2. DATA


        The location of Nigeria is within the geographical latitudes 4°N - 14°N and longitudes 2°E - 15°E respectively. Nigeria occupies a total area of 923,768 square kilometers. The country is located between the Equator and the Tropic of Cancer. The latitude of Nigeria falls within the tropical zone, though the climatic conditions are not completely tropical. The climatic condition of Nigeria varies from the northern part to the southern part. The nature of climate condition in the northern part is arid and that of the southern part is an equatorial climate.


        The data employed in this work is meteorological surface temperature data in degree Celsius, at five minutes update cycle, from 14 different stations/locations in Nigeria as shown in (Fig. 1). This data archive has been a source of meteorological data well published in this region (see references [22-26]). The data was obtained from a network of AWS under the Tropospheric Data Acquisition Network (TRODAN) project of the Centre for Atmospheric Research (CAR), National Space Research and Development Agency, Nigeria (Table 1).


        The standard station is a fully configured, solar powered, automated weather station. It consists of a weather-proof enclosure which contains a highly reliable Campbell scientific data logger, barometric pressure sensor, 12V battery and charge controller.


        The weather station is equipped with a standard set of sensors which takes records of air temperature, relative humidity, barometric pressure, wind speed and direction, solar radiation, rain rate, soil temperature and moisture.


        The data logger is programmed using CR basic for the sensors supplied and when completely connected, the weather station will automatically start to take measurements through each of the parameter sensors outside of the box. It is designed for long term unmanned or unattended operation and is ideal for meteorological, weather monitoring and climate study applications.


        [image: ]
Fig. (1)

        Map of Nigeria showing the Station Locations.

        [image: ]
Fig. (2)

        Typical AWS. Anyigba.

        [image: ]
Fig. (3)

        HMP 50 Probes. (Sensor for Temperature).

        The CR1000 datalogger type is used for measurement and data storage in this station at five-minute update cycle. Different choices of communication options are available which include GSM and GPRS, fixed line phone, phone modem, and direct RS232 connection.

      


      
        3. METHOD AND RESULTS


        Measurements obtained from the network were in 5-minute temporal resolution. The hourly mean temperatures were computed for each location to reduce the data and to obtain smoother profiles. The results are graphically presented in Figs. (4 to 17). The day to year numbers are in the x-axis and hours of the day on the y-axis. The temperature in degree Celsius scale is depicted in colours ranging from 15-40 degrees respectively.


        Table 2 shows the maximum and minimum values of the hourly temperatures recorded at the various stations.


        [image: ]
Fig. (4)

        Surface temperature variation at Abuja.
      

    


    
      

      4. DISCUSSION


      Fig. (4) presents the temperature trend in Abuja for the years 2008 to 2011. In spite of the missing data, the temperature trend generally shows a low temperature variation in the morning hours, little increase towards noon and maximum increase at noon. These occurred through the years in view with the exception of January to March where a slight increase in temperature is observed in the morning hours; this is because these months fall within the dry season. In the dry season, tropical continental airmass (CT) blows from the northern Sahara Desert into Nigeria through the northern part and continue to move towards the north-central to the southern part of the country; this is a major natural source that contributes to changes in weather and affects meteorological variables including temperature in Nigeria [20]. The maximum and minimum temperatures of 42.1°C and 14.2°C were observed in Abuja. This high temperature is attributed to the impact of CT coupled with the influence of deforestation. Overall Nigeria is suffering from anthropogenic emissions mainly from oil and gas exploration, traffics and biogenic emissions over forests. These, among other factors, lead to the release of greenhouse gases which contribute to temperature increases over the region. Unfortunately, there is no active emission control available [27]. More stringent emission control in the future will have a significant impact on temperature trend in Nigeria.


      Fig. (5) presents the temperature trend in Akungba for the years 2008 to 2011. Here the temperature trend observed shows little bit lower temperatures compared to Abuja. Temperatures less than 25°C were observed in the early morning and late evening hours throughout the year with the exceptions of slightly higher temperatures recorded in the early morning hours in the months of December to early March that make up the dry season. It is clear from the Figures that temperature decrease coincides with the rainy season (May to October) and the increase coincides with the dry season (November to April). The maximum and minimum temperatures in Akungba are 37.2°C and 15.9°C, respectively. The range of temperatures in Akungba is generally lower than in Abuja. However, the seasons in Nigeria are distinctively categorised into rainy and dry seasons due to the fact that Nigeria’s climate is tropical in nature. Furthermore, the seasons in Nigeria are controlled by the impact of the trade winds known as the tropical continental airmass and the tropical maritime airmass.


      [image: ]
Fig. (5)

      Surface temperature variation at Akungba.

      Fig. (6) shows the temperature trends in Akure for the years 2010 to 2012. In Akure within the years considered in this work, temperatures were generally less than 36°C throughout the season and less than 25°C in the morning hours from around February through to November, and even lower than 20°C during the last days of the years. The maximum and minimum recorded temperatures were 35.7°C and 14.7°C, respectively.


      [image: ]
Fig. (6)

      Surface temperature variation at Akure.

      Figs. (7 to 10) depict the temperature trends of Anyigba, Eburimili, Jos and Lagos within the years of data considered in each location in this work. The trend varies generally from lowest temperature in the early morning hours of rainy seasons to lower temperatures at same hours in the dry season. The observed result shows the maximum and minimum temperatures of 36.7°C and 17.0°C, 39.8°C and 16.4°C, 36.3°C and 10.2°C, and 38.3°C and 20.2°C respectively, for the four stations. Temperatures in Jos are the coolest, an attribute of high altitude location.


      [image: ]
Fig. (7)

      Surface temperature variation at Anyigba.

      [image: ]
Fig. (8)

      Surface temperature variation at Ebirumili.

      [image: ]
Fig. (9)

      Surface temperature variation at Jos.

      [image: ]
Fig. (10)

      Surface temperature variation at Lagos.

      Figs. (11 to 13) show the temperature trends within the years considered in this work for Makurdi, Minna and Nsukka. As can be seen from Fig. (13), years 2008, 2009, 2010 and 2011 have similar trends. The early mornings have temperatures of about 25°C with occasional drops to about 20°C towards the end of the year. In these years, the temperatures rise steadily and sometimes reach a peak of about 35°C especially in the dry season, which is from December to March. It is clear from Fig. (13) that the lower temperatures recorded in the afternoon coincide with the rainy season, which last from May to November in this part of the country. Missing data are observed in the years 2012, 2013 and 2014. However, the available data shows a pattern that conforms to the trend observed in the earlier years of 2008, 2009 and 2011.


      [image: ]
Fig. (11)

      Surface temperature variation at Makurdi.

      [image: ]
Fig. (12)

      Surface Temperature Variations at Minna.

      [image: ]
Fig. (13)

      Surface temperature variation at Nsukka.

      The maximum and minimum temperatures observed in these locations are 41.3°C and 14.6°C (Makurdi), 41.2°C and 17.9°C (Minna), 37.4°C and 17.9°C (Nsukka) respectively. In summary, Makurdi recorded the highest and lowest temperatures followed by Minna, indicating a wide range of temperatures for the locations. Both locations are in the northern part of Nigeria, and are respectively located close to the largest inland water bodies within the country; River Benue and River Niger. The fact that water has a high absorption coefficient and therefore absorbs a lot of the infrared radiation emitted from the Earth’s surface refers it as contributing immensely to the high temperatures recorded in riverside areas.


      [image: ]
Fig. (14)

      Surface temperature variation at Ogbomosho.

      [image: ]
Fig. (15)

      Surface temperature variation at Portharcourt.

      Figs. (14 to 16) present the temperature trends in Ogbomosho, Porthacourt and Redeemers within the years considered in this work. These are locations in coastal regions and they show similar temperature patterns. Lagos also shows a similar temperature pattern. The minimum and maximum temperatures recorded for Portharcourt are respectively 20.2°C and 36.7°C throughout the years considered. For Ogbomosho and Redeemers, the maximum and minimum recorded temperatures are 38.1°C and 17.1°C, and 35.9°C and 17.0°C, respectively.


      [image: ]
Fig. (16)

      Surface Temperature Variations at Redeemers.

      For more clarity, the southern part of Nigeria has tropical rainforest climate characteristics while the central Nigeria has tropical savannah climate characteristics. Also, in the northern part the predominant climate is Sahel Climate.


      Fig. (17) presents Yola temperature trends; this is located in the North-Eastern part of the country, Yola recorded the highest temperature of 43.1°C within the locations considered in this work. Yola is at the border where it is open to direct influence of the tropical continental airmass from the Sahara desert.


      [image: ]
Fig. (17)

      Surface temperature variation at Yola.

      Overall, the temperature trends in Nigeria presented in Figs. (4 to 17) show a continuous variability which is seasonally dependent within any particular year. The variations were observed to have higher values in the north, which is arid in nature and low values in the south which is equatorial monsoon climate area and a coastal region. Fig. (18) shows that Jos station records the lowest temperatures. The temperature variation is however large for the station. Lagos records the least temperature variations; this is as a result of the direct influence of the temperature moderating monsoon originating from the South Atlantic Ocean, resulting in abundant rainfall and consequentially lowering the temperature.


      [image: ]
Fig. (18)

      Maximum and minimum temperature at different stations.

      [image: ]
Fig. (19)

      A comparison of extreme temperatures in this work with those of Reference [29]. In the key, Eludoyin Minimum and Eludoyin Maximum respectively represent monthly means of the minimum and maximum temperatures as observed in Reference [29] while Najib Minimum and Najib Maximum respectively represent minimum and maximum temperatures as observed in this work.
    


    
      CONCLUSION


      An overview of surface air temperature measurements from equipment in the TRODAN network was presented to characterize the surface temperature variations across Nigeria. The results reveal a continuous variability that is seasonally dependent in each of the years.


      Maximum and minimum values are respectively 43.1°C at Yola (north-east Nigeria) and 10.2°C at Jos (north-central Nigeria). The maximum temperature 43.1°C observed at Yola in this work shows an increase of 3.1°C when compared to the NIMET’s Climate report of 2012 which states a maximum temperature of 40.0°C. This temperature increase is connected to the global climate change.


      In general, the temperatures were observed to be higher in the northern parts of the country. This was explained to be consequence of the nearby Sahara Desert, which has less cloud cover and is therefore more exposed to solar irradiance. The southern part of the country was characterized by relatively lower temperatures; the region has more cloud cover and abundant vegetation [28]. The least temperature variations were also recorded for stations in the southern part of the country, while the largest variations were recorded in the north-central region of the country.
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