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ABSTRACT 
The study assesses and compares the variation of temperature between the urban and rural areas of Gwagwalada satellite town. 

Temperature data were collected from the University of Abuja Mini campus and Paiko village strategic positions, representing the urban 

and rural environments. Readings were taken in the morning, afternoon and evening periods at exactly 6am, 12pm and 6pm respectively 

from the locations. The study also showed the scenarios of temperature variations between the rural and urban area of Gwagwalada town, 

as well as ascertained the level of significance of temperature variation. T-test, line graphs and tables were used to check for level of 

significant variation, present and discuss findings made in the field. At the end of the research it was found that the average daily 

temperature range of the urban area rose steadily above the average daily temperature range of the rural area. Among the numerous 

recommendation advised in this study includes; encouraged afforestation practice in the area, building without sealing the surfaces, and 

also implementing proper land use policies, and sanctioning of defaulters. 

General Terms: Temperature anomaly; Urban and rural temperatures 

Keywords: Temperature anomaly; urban heat island; temperature scenarios; temperature trends, temperature range; Surface 

temperature; temperature variation; Gwagwalada town. 

 

1.       INTRODUCTION 
 

Over the years, the rapid growth in population, and industrialization have resulted in the concentration of economic and social 

functions in the urban areas, and such have altered urban morphology and energy composition. Just like many satellite towns, Gwagwalada 

town consists of the planned and the unplanned sections. Population, increase over the past two decades, as well as the moving of the seat 

of power from Lagos to Abuja in 1991 (Ejaro, 2013). Other social and economic functions such as the University of Abuja, University of 

Abuja Teaching Hospital (UATH), the intended siting of Federal Government seat of power in Gwagwalada town before it was moved out 

due to intense temperature rise and its clumsiness contributed to the high rate of land use conversion which altered Gwagwalada land cover, 

resulting to temperature anomaly (Ejaro, 2013). Gwagwalada town experiences urban heat and the urban and rural areas show great 

anomaly. 
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Fig.1: Map of the Study Area 

Source: Department of Land use Administration, Gwagwalada Area Council (2018) 
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(Hassan et al., 2008) carried out a study regarding temperature anomalies in Gwagwalada town, Federal Capital Territory, Abuja. 

In the study, they took account of elevation of the town, ground water level i.e. the water table, neglecting the contributions of the physical 

features and their varying capacity for emissions, hence their distribution and its effect in the study area, Haruna (2005) had initially laid 

forward similar research and arrived at similar conclusion based on depth of water table and comparison with neighboring environments 

and also in the researches. They didn‟t pay much attention on the anomalies which occurred between the planned (town) and unplanned 

(rural) areas of Gwagwalada satellite town, also, they didn‟t analyze trends in temperature between the two areas. Hence, this study 

identified the spatial gap and work towards filling the gap.  

 

The aim of this research is to determine temperature anomalies between the urban and rural areas of Gwagwalada town. The aim of the 

study will be achieved with the help of the following sets of objectives; 

i. Obtain temperature data in the morning, afternoon and evening in rural and urban area of Gwagwalada town. 

ii. Examine the scenarios of temperature in the rural and urban locations at exactly 6am, 12pm and 6pm.  

iii. Ascertain the level of variation of the obtained results in i and ii. 

 

2. THE STUDY AREA 
 

The study area is Gwagwalada town. Gwagwalada town is one of the largest satellite towns and the third largest urban centre in 

the Federal Capital Territory (NPC, 1991). It is one of the most densely populated areas in the federal capital territory (FCT) and the 

headquarters of one of the oldest councils in the Federal Capital Territory, Abuja (Ejaro, 2013). Nigeria new Federal Capital Territory was 

established in 1991, all federal establishments were meant to relocate their corporate headquarters to Abuja. The city witnessed a 

tremendous influx of civil servants and the organized private sector bringing about an explosion of population into and around the federal 

capital city (FCC). As a result Gwagwalada also witnessed remarkable expansion and increased land conversion rate leading to temperature 

increase over time. The gradual loss of vegetal cover for construction and subsequent buildings and urbanization generally led to 

temperature increase in Gwagwalada town with time (Ejaro, 2013). Gwagwalada town is located about 55 kilometers away from federal 

capital city (FCC) within the Federal Capital Territory. It lies between latitude 08055‟N and 09000‟N and longitude 07000‟E and 07005E 

(Balogun, 2001). Gwagwalada township region has a total land mass of about 6,500 hectares. 

 

Gwagwalada town consists of the older traditional and new planned sections. The old is the pre-1976 section, while the latter 

results from the development of the Federal Capita Development Authority in accordance with its planned role in the spatial development 

of the Federal Capital Territory (FCT). Its two parts internal structure is quite similar to the pre-colonial urban centres in western and 

northern parts of Nigeria (Balogun, 2001). The urban or planned areas are places in Gwagwalada, where the development of the town is 

intended to spread out from hence acting as growth pole of Gwagwalada town such places are phase1,2,and 3, (FCDA, 2000). 
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     Fig.2: Map of Gwagwalada Town 

     Source: Department of Land use Administration, Gwagwalada Area Council (2018) 

3. LITERATURE REVIEW 

 

3.1 Concept of Urban Heat Island     
Urban heat islands are a result of the physical properties of buildings and other structures, and the emission of heat by human 

activities. They are most pronounced on clear, calm nights, their strength depends also on the back-ground geography and climate, and they 

are often cool islands in parks and less-developed areas. Some old city centres no longer show warming trends relative to rural 

neighborhoods, because urban development has stabilized (David, 2010). The urban heat island is the elevation of air temperature within 

cities, and to a smaller extent within towns and villages, relative to the surrounding countryside. It is caused mainly by the retention of solar 

heat in the fabric of buildings and ground surfaces, and the obstruction and reabsorption of night-time outgoing long wave radiation by 

buildings which obstruct the sky view. Paved ground surfaces transport more solar heat downwards than the soil. This heat is then available 

for release overnight. Reduce ventilation can hinder the dispersal of urban heat islands. An important contribution to some urban heat 

islands is the emission of heat by human activities such as transport, and by heating and air conditioning of buildings. Accelerated run off 

rainwater, along with reduced vegetation cover can reduce moisture availability in cities. This can enhance the urban heat island by 

reducing the fraction of solar energy converted into latent heat and increasing the fraction becoming sensible heat (Kings, 2002). 

Conversely, dry-climate cities with irrigated vegetation can have an urban cool island. Local enhancement of atmospheric aerosol 

concentrations may also affect urban temperatures. Generally, the urban island is strongest at night in high rise city-centres, weaker in 

residential suburbs, and also reduced in parks, although exceptions to this have been reported. During day time, some of the solar heat 

absorbed by the urban structures is transferred to the overlying air, turbulent convection then mixes the warm air with cooler air aloft, so 

that the urban heat island is weak and may even be completely annulled locally by shading of the ground by tall buildings. Because both 

solar and outgoing long-wave radiation are restricted by cloud, the urban heat island is weakened in cloudy weather. Because winds and the 

associated turbulence mix air both horizontally and vertically, the urban heat island is also weakened in windy weather, (Robert and 

Dickinson, 2005).     

     

Urban heat island, differ from city to city because of the different design of the structures and because of the different 

background climate. A city with few high rise buildings will have a weaker heat island than one with many tall structures. The effect of 

urbanization will also depend on the nature of the natural land surface. If for example the land is marshy, the construction of the city may 

not raise night time temperatures because these would have naturally been elevated by the thermal properties of the marsh. A city in a 

cloudy climate will have a weaker heat island, on average, than a city with a sunny climate. A city in a coastal sea-breeze zone may 

sometimes, but not always, have a weaker heat island than a city further inland. A city in a mountainous setting may have anomalous 

thermal regimes owing to katabatic winds. The urban heat island may also be displaced downwind, affecting suburbs or nearby rural areas, 

though with reduced amplitude (Peterson, 2006). 

 

3.2       Urban Heat Island and Detection of Climate Change  
If observations of temperature in growing cities are used in the assessment of global warming trends, these trends may be over-

estimated. However, the centres of well-established cities may not undergo further warming relative to rural areas because the urban 

infrastructure is no longer increasing its ability to retard outgoing long wave radiation and the anthropogenic heat inputs are stable. Thus 

Jones et al (2008) have shown that temperatures in Central London and Vienna did not rise relative to rural locations nearby in recent 

decades. Nevertheless, suburban sites continue to warm relative to nearby rural areas until local urbanization is complete, as shown for 

London‟ Heathrow report by Jones and Lister (2008). In some regions such as China, the impact of urban development on temperature 

trends is likely to be greater than in the world as a whole, owing to concentrated urban development in the region. In such regions it may be 

difficult to find sufficiently rural sites which to define the background temperature trends free of urban influence (Jones, 2008). 

 

However for the world as a whole, a Global Climate Observing System (GCOS) Surface Network (GSN) has been established, 

choosing the stations through a scoring scheme which militates against urban sites both explicitly and implicitly through the weight given 

to homogeneity and to membership of the world meteorological organization set of climate reference stations. Furthermore, the influence of 

urban heat islands on estimates of global warming is limited by the fact that about 70% of the earth‟s surface is ocean and is absolutely 

unaffected by urban warming. The Sea Surface Temperatures (SSTs) from this vast area are included in estimates of global temperature 

trends (Jones, 2008). 

 

3.3       Concept of Temperature Abnormally        
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Air temperature varies from place to place and over time at a given location. The distribution of temperature over a given area is 

normally shown by isotherms, while the variation of temperature in time is shown by some form of graph. Several factors influence the 

distribution of temperature over the earth or part thereof. They include the amount of insulation received, nature of the surface, distance 

from water bodies, relief, nature of the prevailing winds, and ocean current (Adakayi, 2009). Latitude is the primary control of the amount 

of insulation that a given place would receive. This is because the astronomical variation of insulation is a function of latitude. The angle of 

incidence of solar rays and the length of day at any given place are all determined by the latitudinal location off such a place. As mentioned 

earlier, cloud and other atmosphere constituents like across and carbon dioxide (Co2) also affect the amount of solar energy that reaches the 

earth‟s surface. 

 

The nature of the surface under consideration is also of significance since it will determine the values of albedo and specific heat. 

If albedo is high, less radiation will be absorbed by the surface to raise its temperature. Similarly, if the specific heat of the surface is high, 

more energy will have to be absorbed by the surface to increase its temperature. The specific heat of Sea water is for instance about 0.94 

while that of granite is 0.2. In general, water absorbs five times as much heat in order to increase its temperature by the same amount as the 

earth (Ayoade, 2004). Distance from water bodies influences air temperature because of the basic differences in the thermal characteristics 

of land and water surface. These differences help produce the continental effect in which the land surface heats and cools more rapidly than 

the water surface. The consequences of this fact are follows: 

 Over the land, the leg between periods of maximum and minimum surface temperatures is only ones month. Over the ocean and at 

coastal locations the lag is as much as two months.  

 The annual range in temperature is less at coastal locations than for inland locations. 

 Because of the greater land area of the northern hemisphere summers there are warmer and winters colder thank those of the southern 

hemisphere. 

 

Relief has an attenuating effect on temperature primarily because air temperature normally decreases with increasing elevations 

at the average rate of 0.6oC per 100 metres within the troposphere. In an area of varied topography and slopes aspect and the degree of 

exposure of location are important factors influencing temperature anomalies (Ayoade, 2004). Elevation is an important factor influencing 

temperature in the tropics. The relatively thermal uniformity prevailing in the tropics is distorted mainly by the effect of attitude the lapse 

rate is however, variably being controlled primarily by elevation and cloudiness. There can also be large differences in temperature 

conditions between locations on the windward side and those on the leeward side of a mountain. In the temperate region, the lapse rate 

varies considerably with the season being higher in summer than in winter. The lapse rate in the tropics varies les with the season. It is 

however generally large in the dry season than in the rainy season. This is because under cloudy conditions such as prevail during the rainy 

season, the effects of radiation are greatly reduced. For the same reason, lapse rate is higher in the dry tropics than near the equator.  

Whether in the dry or humid tropics, high elevation lowers the temperature and thus brings relief from the oppressive heat of the lowland 

tropics (Ayoade, 2004). Prevailing winds and ocean currents also influence air temperatures because they can transport or advert 

„„warmth‟‟ or „„cold‟‟ from one are to another depending on the thermal characteristics vis-a-vis the area they influence. For instance, 

coastal areas washed by cold currents have low temperature than station located in similar latitudes but not affected by cold currents. The 

winter temperatures in northwest Europe are for instance some 11oC or more above what the temperatures should be judging from the 

latitudinal location. These increases in temperature in northwest Europe in winter are due to the effect of the warm North Atlantic Drift 

adverting warmth from the low latitude towards the middle and upper latitudes. 

 

The pattern variation shows that: 

 Air temperature generally decreases pole ward from the equator, a clear evidence of the important role of latitude in influencing 

isolation and temperatures. 

 The general equator to pole temperature decline is modified by the location of land and water surfaces and the seasonal changes in the 

sun‟s position relative to these surfaces. 

 Isotherms are more or less parallel and widely spaced in the southern hemisphere where there is a more nearly homogenous surface. 

 In the more heterogeneous northern hemisphere. Isotherms show wide deflections when they pass from ocean to land surfaces.  

 In January, isotherms are deflected southward over land and northward over the oceans. Also, within a given latitudinal zone, 

temperatures are low on land but high on ocean surface. 

 In July, the situation is reversed with isotherms pushed for north over the land surface. 

 Generally speaking, there is greater thermal uniformity with regard to both seasons and places in the tropics than in the temperature 

region. The thermal uniformity is strongest around the equator and decreases pole ward with increasing latitude (Ayoade, 2004). 

 

3.4       Seasonal temperature abnormally across larger areas         
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The seasonal variations in temperature result largely from the seasonal variations in the amount of isolation received at any given 

location on the globe. Temperatures are highest in summer when isolation amounts are largest and lowest in winter when isolation receipts 

are lowest. The seasonal variations in air temperature are greatest in the extra- tropical areas particularly the continental interiors while they 

are lowest around the equatorial belt, particularly the water surfaces. We can therefore say that the seasonal variations in temperature 

increase with latitude and the degree of continentality (Adakayi, 2009).  

In the equatorial zone, the sun is in the zenith twice a year at the equinoxes and temperatures are highest then. The lowest 

temperature occurs at the solstices. The temperature curve for Jakarta (6o5107oE) is typical of the equatorial zone. Because the sun is higher 

in the sky throughout the year temperature variations are rather small. Human comfort is therefore determined more by humidity than 

temperature.  However, with increasing latitude and degree of continentality, greater variations in the annual march of temperatures occur, 

with increasing latitude, there are wider variations in the altitude of the sun in the course of the year, particularly between summer and 

winter seasons. Also, with creasing latitude the days become longer during the summer season while the nights become shorter. During the 

winter, the situation is reversed as days become shorter and nights become longer. On the other hand, in the equatorial zone and much of 

the tropics, days and nights are more or less of equal durations virtually throughout the year.  As would be expected the annual range is 

small in man time locations while it is large in continental locations. This is because the moderating influence of the ocean on temperatures 

on land decreases with increasing distance towards the linter land (Ayoade, 2004). 

 

3.5      Daily Temperature abnormally of Urban and Rural settlement      
The processes that produce seasonality in air temperature values also account for the diurnal variations in temperature, though 

there are differences in degree. Because the daily cycle is much shorter than the annual cycle, we find that the penetration of the surface by 

solar radiation is shallow. Hence the diurnal range of temperature is relatively large. Also, because of the shortness of the cycle, horizontal 

exchanges of heat are not important except along coasts where there are land and sea breezes (Adakayi, 2009). The diurnal range of 

temperature generally decreases from the equator towards the pole. This is primarily because the daily variation in the elevation of the sun 

is large in daily variation in the elevation of the sun is large in low latitudes and rather small in high latitudes. Also, the diurnal range of 

temperature is smaller over the ocean than over land partly owing to the already mentioned continentality effect arising from differences in 

the thermal properties of land and ocean surfaces. Another reason is that the diurnal range of temperature is influenced by cloud cover and 

the amount of moisture in the air. Clouds reduce insulation during the day and augment the downward radiation from the sky at night.  

 

Other factors which influence the diurnal range of temperature of a given surface include wind speed and the conductive capacity 

of the surface. The range of temperature at the surface is smaller on windy days than on calm days. This is because on windy days the heat 

exchange affects a deeper layer of air than on calm days. Also, the more the heat conductive capacity of a surface the smaller will be the 

diurnal range of temperature (Ayoada, 2004). Over the globe as a whole, the diurnal range of temperature is higher over land than over the 

ocean and is higher in low latitudes than in the middle and high latitudes. Over the ocean, the diurnal range of temperature is usually less 

than 0.7OC and is everywhere smaller than the annual range. Overland, in the low latitudes, the diurnal range is higher than the annual 

range. In drier areas, the diurnal range is so large that it affects plant and animal life. The large diurnal ranges of temperature in the low 

latitude deserts are due to the fact that both the ground and air are dry. The conductive capacity of soil-decrease with aridity and the 

moderating influence provided by the formation of dew on the diurnal range of temperatures in the more humid areas is absence (Ayoade, 

2004).  

 

Latitude and location relative to the oceans influence diurnal ranges of temperature. In the tropics, the day of day variations in 

temperature are not only generally small but the diurnal temperature cycle is also rather regular. In contrast, the diurnal march temperature 

in the temperate region also varies strongly with the seasons unlike the tropics. This is because of the variation in the durations of the day 

and night as well as the amount of isolation during the course of the year. In summer, days are much longer than nights while incident 

radiation is at highest. On the other hand, winters are characterized by short days, long nights and low amount of isolations. The diurnal 

ranged of temperature is therefore higher in summer than in winter (Ayoade, 2004). With the diurnal cycle of temperature we have 

corresponding changes in the lapse rate near the ground. The daily range of temperature is highest at the surface of the earth and decreases 

rather rapidly with height above the ground. Also, in general the lapse rate is rather small in the early morning and becomes sleep in the 

early afternoon as a result of solar heating. Vertical mobility of air which depends on the lapse rate therefore undergoes a diurnal cycle in 

tune with that of temperature (Adakayi, 2009).  

4. MATERIALS AND METHODS 

Thermometers were used to obtain direct temperature readings at exactly 6am, 12pm and 6pm for one month, during the month 

of May. Geographic Positioning System (GPS) was also used to show the exact locations where readings will be taken in the field. The 

clock was used to ensure readings were taken at stipulated time. 
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4.1 Statistical Techniques  

4.1.1 Arithmetic Mean  

  X = (X1 + X2 + ............. + n)  = ∑i 

          n  i = 1 

      n                

Where: X   = the mean of the set, n = Number of sets, xn = Number of value of sets  

The mean will be used in calculating the mean annual temperature of Gwagwalada Town within the time interval of observation  

 

4.1.2    Mean Deviation:  

In the research, departures are to be investigated, so the technical for mean deviation will be employed. This is the value to which 

is subtracted from a population above the mean and is added to a value below the mean. The result after this combination will present the 

various positive and negative departures, that is, those which did not eventually give the mean as the resultant answer. 

Mean deviation (MD) =  ∑/- / 

          n 

Where:  ∑ = Summation, X = Individual values of data sets, X = Mean of data sets, n =  Number of data sets 

 

4.1.3    Time Series Analysis  

Spatial structures and distribution may be time dependent. Values such as temperature, rainfall, population and so on, change 

over a period of time and are called „„Time Series‟‟ (Anyadike, 2009). Time Series is a statistical techniques used to analyze data as they 

occur through time. Analysis of time series will be employed to present the behavior of the temperature and changes in Gwagwalada town 

through time.  The analysis will also show the nature, trends and anomalies in temperature between the rural and urban areas of 

Gwagwalada town. 

Time series anomalies formulae: 

 1/1 = 1/n1(1+2+3 .............n), ½ = 1/n2(1+2+3 .............n), 1/3 = 1/n3(1+2+3 .............n)   

 

4.1.4 Student ‘t’ Test  

The most powerful test for the companion of sample mean is the „t‟ test. It is a parametric test and is used to determine whether 

or not the difference between two samples means are significantly great as to justify a conclusion or whether the means of their population 

also differ significantly. 

„t„  =   (1 - 2)  

   62     62 

    N1      N2 

 

Where: 

 X1 = Mean of sets in parameters A, 61 = Standard deviation of set A, N1 = Number of samples in A 

 X2 = Mean of value sets in B, 62 = Standard deviation of set B, N2 = Number of samples in B  

The reasons for choice of statistical techniques employed are because the data is a parametric data and obeys all the parametric 

assumptions. The „„t‟‟ test will be employed to test deviations and trend between the rural and urban areas of Gwagwalada Town. 

5.       RESULTS AND DISCUSSION 

5.1 Temperature readings for the Month of May in University of Abuja Mini Campus  
 The table below shows the daily and average temperature readings taken at the University of Abuja Mini-campus for the month of May.  

 

Table 1: Showing the daily and average temperature readings in urban area (University Mini Campus) for the month of May 

Day 6am (oC) 12pm (oC) 6PM (oC) Daily Average (Temp. oC) 

1 27.5 29.4 33.2 30.05 

2 26.5 30.8 32.5 29.93 

3 27/8 31.2 33.8 30.93 

4 28.0 30.6 33.0 30.53 

5 28.2 29.6 30.7 29.50 

6 29.0 32.4 34.0 31.80 

2 2 + 
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7 28.8 31.8 35.2 31.93 

8 28.5 30.5 34.8 31.27 

9 24.4 32.6 35.8 30.93 

10 25.5 31.4 36.6 31.17 

11 29.8 32.0 35.5 32.43 

12 30.0 31.8 37.0 32.93 

13 27.6 32.1 36.8 32.17 

14 28.6 31.4 35.4 31.80 

15 30.2 30.9 36.6 32.57 

16 30.0 33.4 37.0 33.47 

17 25.6 32.5 38.0 32.03 

18 24.8 28.5 35.2 29.50 

19 25.0 29.0 33.3 29.50 

20 26.6 28.9 32.8 29.10 

21 25.5 30.5 34.8 29.43 

22 26.0 28.6 33.2 30.27 

23 23.8 28.2 34.4 28.80 

24 22.6 27.8 36.0 28.80 

25 22.8 28.0 32.2 27.67 

26 24.6 28.5 33.8 28.97 

27 23.4 29.9 32.9 28.73 

28 25.0 27.0 30.5 27.50 

29 26.8 29.8 35.0 30.53 

30 26.4 30.8 34.5 30.57 

31 24.6 29.4 33.9 29.30 

Source: Author Field Survey, 2018 

Table 1, shows that the daily and monthly mean of temperature in the University of Abuja mini-campus is characterized by a 

slight departure. The daily average temperature in the month of May recorded 30.03oC on the first day and maintained a slow steady rise to 

its peak at 33.47oC recorded on the 16th day of May, which was the middle of May and then began to descend slowly until it falls to 

29.30oC on the last day of May.  

 

 
Figure 3: Temperature Scenario in the University 
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The graph above further reveals the trend of temperature range in the month of May in University of Abuja Mini-Campus. From 

the graph above, the monthly mean temperature is 30.47oC. The highest daily temperature was recorded on the 16th day of May and stood 

at 33.47oC while the lowest daily temperature recorded on 28th of May was 27.50oC. The graph in a nutshell shows that the temperature 

range of May in the University of Abuja Mini Campus experienced a slow but steady rise until it falls steadily midway the month of May.  

 

This phenomenon is best associated with seasonal changes, as the incoming rainy season which usually begins in the month of 

May 1 June contributes significantly to a drop in temperature in the University area as well as Gwagwalada Town as a whole. This is 

clearly shown with a negative trend line equation, Y=-0.0827x+31.783 

 

5.2 Temperature readings for the month of May in Paiko   
 The daily temperature reading for the month of May in Paiko is presented as shown below: 

 

Table 2: Showing the daily and average temperature readings in the rural area (Paiko) for the month of May 

Day 6am (oC) 12pm (oC) 6PM (oC) Daily Average (Temp. oC) 

1 23.8 28.6 32.5 28.30 

2 24.2 28.5 30.0 27.57 

3 25.4 29.5 30.2 28.37 

4 25.6 26.8 32.8 28.40 

5 26.4 27.5 29.5 27.80 

6 27.5 29.5 31.2 29.40 

7 24.6 28.7 30.8 28.03 

8 25.5 30.0 33.8 29.77 

9 24.0 28.5 34.4 28.97 

10 24.5 29.1 32.8 28.80 

11 28.4 29.5 31.9 29.93 

12 24.5 30.0 32.8 29.10 

13 25.6 28.8 30.9 28.43 

14 22.4 26.8 30.6 26.60 

15 22.3 25.8 32.1 27.40 

16 22.6 25.8 32.1 27.40 

17 21.8 24.4 28.4 24.83 

18 20.8 24.3 28.2 24.80 

19 21.3 24.4 28.2 24.63 

20 19.9 23.0 27.8 23.57 

21 18.4 21.4 25.5 21.77 

22 20.2 23.3 28.8 24.10 

23 21.3 26.4 29.9 25.87 

24 22.3 24.8 30.0 25.70 

25 20.0 24.0 29.8 24.60 

26 21.8 25.8 31.8 25.87 

27 18.5 21.8 26.0 22.10 

28 20.5 25.8 28.6 24.97 

29 21.4 25.0 29.8 25.40 

30 20.6 24.8 29.6 25.00 

31 21.4 24.2 31.8 25.80 

Source: Author Field Survey, 2018 

 

Table 2 shows that the average temperature recorded on the 1st of May stood at 28.30oC and maintained a slight steady rise until 

it hit its peak at 29.93oC on the 12th day of May before it declined steady and recorded 25.80oC on the 31st day of May.  
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Figure 4: Temperature Scenario in Paiko 

The graph of maximum and minimum temperature range in Paiko for the month of May, 2017, show that the mean monthly 

temperature was 26.53oC, the highest temperature range stood at 29.93oC while the lowest recorded 21.77oC taken on the 11th and 21st day 

of May respectively. The graph further depicts a constant and steady rise with an abrupt decline mid-way the month of May in Paiko. This 

effect is best associated with seasonal change as well as negligible effect of urban heat island. This is shown by the negative trend line 

equation, Y= -0.1795x+29.403 

 

5.3  Temperature variations between the University of Abuja Mini Campus and Paiko village.  
The variation which depicts the anomalies between the urban and rural areas of Gwagwalada Town is shown from the 

temperature readings recorded in University of Abuja mini-campus and Paiko. The table below gives a vivid distinction of daily average 

temperature of University and Paiko for the month of May. 

 

Table 3: Comparing the daily average temperature between the urban and rural areas for the month of May 

Day  Daily Average Temperature  in University (oC) Daily Average Temperature in Paiko (oC) 

1 30.03 28.30 

2 29.93 27.57 

3 30.93 28.37 

4 30.53 28.40 

5 29.50 27.80 

6 31.80 29.40 

7 31.93 28.03 

8 31.27 29.77 

9 30.93 28.97 

10 31.17 28.80 

11 32.43 29.93 

12 32.93 29.10 

13 32.17 28.43 

14 31.80 26.60 

15 32.57 27.40 

16 33.47 26.60 

17 32.03 24.83 
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18 29.50 24.80 

19 29.10 24.63 

20 29.43 23.57 

21 30.27 21.77 

22 29.27 24.10 

23 28.80 25.87 

24 28.80 25.70 

25 27.67 24.60 

26 28.97 25.87 

27 28.73 22.10 

28 27.50 24.97 

29 30.53 25.40 

30 30.57 25.00 

31 29.30 25.80 

Source: Author Field Survey, 2018 

 

The graph below depicts a clear variation between the data recorded on daily average temperature range of both University of 

Abuja mini-campus and Paiko, which represents the urban and rural locations of Gwagwalada Town. 

 

 

 
                                         Figure 5: Temperature Scenario in the University and Paiko 

The graph above shows that the daily average temperature range of the University area rose steadily above the daily average 

temperature range of Paiko. The influence of urban heat island, surface sealing, congestion, overcrowding and pollution (both heat and 

noise pollution) contributed largely to high temperature ranges in the University of Abuja mini campus premise. Hence, the abundance of 

vegetal cover as well as undisturbed landscape with bare surface provides a severe environment void of urban heat island effect as well as 

large scale environmental pollution.  Though both temperature ranges of the University Area and Paiko rose and declined steadily, the 

average temperature recorded in the University stood above the average daily temperature recorded in Paiko all through the month of May. 

 

5.4   Significance of Temperature Variation between the University and Paiko in the Morning hour (6am).  

 

Table 4: showing significance variation of temperature, mean and standard deviation between University and Paiko in the morning 

hours. 

S/N A1(x1) /(x1 – x1)/ (x1-x1)
2 A2(x2) /(x2-x2)/ (x2 – x2)

2 

1 27.5 0.9 0.81 23.8 0.9 0.81 

2 26.5 -0.1 0.01 24.2 1.3 1.69 
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3 27.8 1.2 1.44 25.4 2.5 6.25 

4 28.0 1.4 1.96 25.6 2.7 7.29 

5 28.2 1.6 2.56 26.4 3.5 12.25 

6 29.0 2.4 5.76 27.5 4.6 21.16 

7 28.8 2.2 4.84 24.6 1.7 2.89 

8 28.5 1.9 3.61 25.5 2.6 6.76 

9 24.4 -2.2 4.84 24.0 1.1 1.21 

10 25.5 -1.1 1.21 24.5 1.6 2.56 

11 29.8 3.2 10.24 28.4 5.5 30.25 

12 30.0 3.4 11.56 24.5 1.6 2.56 

13 27.6 1.0 1.00 25.6 2.7 7.29 

14 28.6 2.0 4.00 22.4 -0.5 0.25 

15 30.2 3.6 12.96 24.3 1.4 1.96 

16 30.0 3.4 11.56 22.6 -0.3 0.09 

17 25-6 -1.0 1.00 21.8 -1.1 1.21 

18 24.8 -1.8 3.24 20.8 -2.1 4.41 

19 25-0 -1.6 2.56 21.3 -1.6 2.56 

20 26.6 0 0 19.9 -3.0 9.00 

21 25.5 -1.1 1.21 18.4 -4.5 20.25 

22 26.0 -0.6 0.36 20.2 -2.7 7.29 

23 23.8 -2.8 7.84 21.3 -1.6 2.56 

24 22.6 -4.0 16.00 22.3 -0.6 0.36 

25 22.8 -3.8 14.44 20.0 -2.9 8.41 

26 24.6 -2.0 4.00 21.8 -1.1 1.21 

27 23.4 -3.2 10.24 18.5 -4.4 19.36 

28 25-0 -1.6 2.56 20.5 -2.4 5.76 

29 26.8 0.2 0.04 21.4 -1.5 2.25 

30 26.4 -0.2 0.04 20.6 -2.3 5.29 

31 24.6 -2.0 4.00 21.4 -1.5 2.25 

 ∑A1=  

823.9 

 ∑(x1-x1)
2= 

145.89 

∑B1= 

709.5 

 ∑(x2-x2)
2= 

199.69 

X1  = 26.6, X2 = 22.9, 61 = 2.21, 62= 2.58,  t = 6.1, Degree of freedom (v) = N1 + N2 – 2 = 60    

From the table of the student “t” distribution the critical value of “t” at 0.05 is 1.67, the calculated “t” is 6.1. Since the calculated 

“t” of 6.1 is greater than the table value 1.67, it implies that there is significance variation in temperature between urban and rural areas of 

Gwagwalada Town in the morning hours in May. The analysis further reveals that the temperature readings recorded in the urban area is 

higher in the morning hours compared to the rural areas. 

 

5.5 Significance of Temperature variation between the University and Paiko during the afternoon 

Afternoon (12pm). 

 
Table 5: showing significance variation of temperature, mean and standard deviation between University and Paiko during the 

afternoon hours. 

S/N B1(x1) (x1 – x1)  (x1-x1)
2
 B2(x2) (x2-x2) (x2 – x2)

2
 

1. 29.4 -1.2 1.44 28.6 2.3 5.29 

2. 30.8 0.2 0.04 28.5 2.2 4.84 

3. 31.2 0.6 0.36 29.5 3.3 10.24 

4. 30.6 0 0 26.8 0.5 0.25 

5. 29,6 -1.0 1.00 27.5 1.2 1.44 

6. 32.4 1.8 3.24 29.5 3.2 10.24 
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7. 31.8 1.2 1.44 2.8.7 2.4 5.76 

8. 30.5 -0.1 0.01 30.0 3.7 13.69 

9. 32.6 2.0 4.00 28.5 2.2 4.84 

10. 31.4 0.8 0.64 29.1 2.8 7.84 

11. 32.0 1.4 1.96 29.5 3.2 10.24 

12. 31.8 1.2 1.44 30.0 3.7 13.69 

13. 32.1 1.5 2.25 28.8 2.5 6.25 

14. 31.4 0.8 0.64 26.8 0.5 0.25 

15. 30.9 0.3 0.09 25.8 -0.5 0.25 

16. 33.4 2.8 7.84 24.6 -1.7 2.89 

17. 32.5 1.9 3.61 243 -2.0 4.00 

18. 28.5 -2.1 4.41 23.8 -2.5 6.25 

19. 29.0 -1.6 2.56 24.4 -1.9 3.61 

20. 28.9 -1.7 2.89 23.0 -3.3 10.89 

21. 30.5 -0.1 0.01 21.4 -4.9 24.01 

22. 28.6 -2.0 4.00 23.3 -3.0 9.00 

23. 28.2 -2.4 5.76 26.4 0.1 0.01 

24. 27.8 -2.8 7.84 24.8 -1.5 2.25 

25. 28.0 -2.6 6.76 24.0 -2.3 5.29 

26. 28.5 -2.1 4.41 25.8 -0.5 0.25 

27. 29.9 -0.7 0.49 21.8 -4.5 20.25 

28. 27.0 -3.6 12.96 25.8 -0.5 0.25 

29. 29.8 -0.8 0.64 25.0 -1.3 1.69 

30. 30.8 0.2 0.04 24.8 -1.5 2.25 

31. 29.4 -1.2 1.44 24.2 -2.1 4.41 

  

∑x1 = 

947.3 

  

∑ (x1-x1)
2
 = 

84.21 

 

∑x2 =  

815 

  

∑ (x2 – x2)
2= 

 

192.41 

 X1  = 30.6, X2 = 26.3, 61 = 1.68, 62= 2.53,  t = 7.9, Degree of freedom (v) = N1 + N2 – 2 = 60 

From the table of the student “t” distribution, the critical value of “t” at 0.05 is 1.67, the calculated value is 7.9. Since the 

calculated value of 7.9 is greater than the table value, it implies that there is significant variation in temperature between urban and rural 

areas of Gwagwalada Town during the afternoon hours (12pm) in the month of May. The test further show that the temperature readings 

recorded in the University Mini Campus representing the urban area in the afternoon hours (12pm) in the month of May is higher or greater 

than the readings recorded in Paiko over same time and periods of May. 

 

5.6  Significance of Temperature Variation between the Urban Area (University of Abuja Mini 

Campus) and Rural Area (Paiko) of Gwagwalada Area Council in the evening hours (6pm) 

 
Table 6: Showing variation in temperature mean and standard deviation between University and Paiko in the evening hours. 

S/N C1(x1) (x1 – x1)  (x1-x1)
2 C2(x2) (x2-x2) (x2 – x2)

2 

1. 33.2 -1.3 1.69 32.5 2.0 4.00 

2. 32.5 -2.0 4.00 30.0 -0.5 0.25 

3. 33.8 -0.7 0.49 30.2 -0.3 0.09 

4. 33.0 -1.5 2.25 32.8 2.3 5.29 

5. 30.7 -3.8 14.44 29.5 -1.0 1.00 

6. 34.0 -0.5 0.25 31.2 0.7 0.49 

7. 35.2 0.7 0.49 30.8 0.3 0.09 
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8. 34.8 0.3 0.09 33.8 3.3 10.89 

9. 35.8 1.3 1.69 34.4 3.9 15.21 

10. 36.6 2.1 4.41 32.8 2.3 5.29 

11. 35.5 1.0 1.00 31.9 1.4 1.96 

12. 37.0 2.5 6.25 32.8 2.3 5.29 

13. 36.8 2.3 5.29 30.9 0.4 0.16 

14. 35.4 0.9 0.81 30.6 0.1 0.01 

15. 36.6 2.1 4.41 32.1 1.6 2.56 

16. 37.0 2.5 6.25 32.6 2.1 4.41 

17. 38.0 3.5 12.25 28.4 -2.1 4.41 

18. 35.2 0.7 0.49 29.8 -0.7 0.49 

19. 33.3 -1.2 1.44 28.2 -2.3 5.29 

20. 32.8 -1.7 2.89 27.8 -2.7 7.29 

21. 34.8 0.3 0.09 25.5 -5.0 25.00 

22. 33.2 -1.3 1.69 28.8 -1.7 2.89 

23. 34.4 -0.1 0.01 29.9 -0.6 0.36 

24. 36.0 1.5 2.25 30.0 -0.5 0.25 

25. 32.2 -2.3 5.29 29.8 -0.7 0.49 

26. 33.8 -0.7 0.49 31.8 1.3 1.69 

27. 32.9 -1.6 2.56 26.0 -4.5 20.25 

28. 30.5 -4.0 16.00 28.6 -1.9 3.61 

29. 35.0 0.5 0.25 29.8 -0.7 0.49 

30. 34.5 0 0 29.6 -0.9 0.81 

31. 33.9 -0.6 0.36 31.8 1.3 1.69 

  

∑x1 = 

1068.4 

  

∑ (x1-x1)
2 = 

99.87 

 

∑x2 =  

944.7 

  

∑ (x2 – x2)
2=  

1.32 

 X1  = 34.5, X2 = 30.5, 61 = 1.82, 62= 2.10,  t = 8.02, Degree of freedom (v) = N1 + N2 – 2 = 60  

From the table of the student “t” distribution, the critical value of “t” at 0.05 confidence level is 1.67, the calculated “t” value is 

8.02. Since the calculated “t” value 8.02 is greater than the table value 1.67. Hence, there is significant variation in temperature between the 

urban and rural area of Gwagwalada Town in the evening hours (6pm) in the month of May. The test indicates clearly that the urban area 

shows greater temperature record compared to the rural area in the evening hours or periods in May. 

 

5.7 Significance Daily Average Temperature Variation between the Urban Area University of 

Abuja Mini Campus and Paiko village in the month of May.    

 
Table 7: Showing significant variation in daily average temperature, between the University of Abuja Mini Campus (urban) and 

Paiko (Rural). 

S/N Z1(x1) (x1 – x1)  (x1-x1)
2 Z2(x2) (x2-x2) (x2 – x2)

2 

1. 30.03 -0.47 0.22 28.30 1.80 3.24 

2. 29.93 -0.57 0.32 27.57 -2.93 8.58 

3. 30.93 0.43 0.18 28.37 1.87 3.50 

4. 30.53 0.03 0.0010 28.40 1.90 3.61 

5. 29.50 -1.0 1.00 27.80 1.30 1.69 

6. 31.30 1.30 1.69 29.40 2.90 8.41 

7. 31.93 1.43 2.04 28.03 1.53 2.34 

8. 31.27 0.77 0.59 29.77 3.27 10.70 

9. 30.93 0.43 0.18 28.97 2.47 6.10 

10. 31.17 0.67 0.45 28.80 2.30 5.29 

11. 32.43 1.93 3.72 29.93 3.43 11.76 
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12. 32.93 2.43 5.90 29.10 2.60 6.76 

13. 32.17 1.67 2.79 28.43 1.93 3.72 

14. 31.80 1.30 1.69 27.60 0.10 0.01 

15. 32.57 2.07 4.28 27.40 1.10 1.21 

16. 33.47 2.97 8.82 26.60 0.10 0.01 

17. 32.03 1.53 2.34 24.83 -1.67 2.79 

18. 29.50 -1.0 1.00 24.80 -1.70 2.89 

19. 29.10 -1.40 1.96 24.63 -1.87 3.50 

20. 29.43 -1.07 1.14 23.57 -2.93 8.58 

21. 30.27 -0.23 0.05 21.77 -4.73 22.37 

22. 29.27 -1.23 1.51 24.20 -2.40 5.76 

23. 28.80 -1.70 2.89 25.87 -0.63 0.40 

24. 28.80 -1.70 2.89 25.70 -0.80 0.64 

25. 27.67 -2.83 8.01 24.60 -1.90 3.61 

26. 28.97 -1.53 2.34 25.87 -0.63 0.40 

27. 28.73 -1.77 3.13 22.10 -4.40 19.36 

28. 27.50 -3.0 9.00 24.77 -1.53 2.34 

29. 30.53 0.03 0.001 25.40 -1.10 1.21 

30. 30.57 0.07 0.005 25.00 -1.50 2.25 

31. 29.30 -1.20 1.44 25.80 -0.7 0.49 

  

∑x1 = 

943.86 

  

∑ (x1-x1)
2 = 

71.58 

 

∑x2 =  

822.48 

  

∑ (x2 – x2)
2=  

153.52 

X1  = 30.5, X2 = 26.5, 61 = 1.54, 62= 2.26,  t = 8.14, Degree of freedom (v) = N1 + N2 – 2 = 60 

From the table of the student “t” distribution, the critical value of “t” at 0.05 confidence level is 1.67, the calculated “t” value is 

8.14. Since the calculated value is greater than the table value (8.14> 1.67), therefore, there is significant variation in daily average 

temperature between the University of Abuja Mini Campus (urban) and Paiko (rural) in Gwagwalada Town.  

 

6. SUMMARY AND CONCLUSION  
 

This research has established that there is a rise in temperature readings taken in May in both the University of Abuja Mini 

Campus and Paiko, both representing the urban and rural areas of Gwagwalada Town respectively. It also accounts for a systematic 

increase in temperature both minimum and maximum. The research also established that there exists an anomaly in temperature ranges 

between the urban and rural areas of Gwagwalada Town in the month of May. The research found out that temperature increases during the 

day (6am, 12pm and 6pm) in both the urban and rural areas of Gwagwalada Area Council. 

 

The study also show that in both the rural and urban areas of Gwagwalada Town, the temperature readings continued to increase 

until the influence of seasonal variation started to cause a reduction in daily average temperature as the emergence of the rainy season 

played its role. The statistical technique adopted (t-test), show that there was a significant variation between urban and rural area of 

Gwagwalada Town. Hence, confirming the observation and readings taken in the University and Paiko over the month of May.  The pattern 

of the rise accounts for a coherent trend, however, the result signifies a progressive rise in temperature at the early days of May and a fall in 

temperature (though marginal temperature decline) during the latter days of May. 

 

7. RECOMMENDATIONS   
 

An increase and/or decrease in temperature can bring about a significant response from both human and the environment. 

Temperature affects human health, comfort, building, agriculture, and the physical conditions of the earth. The list goes on. An increase in 

the temperature conditions of Gwagwalada Town can reflect on an increase in disease that thrive under warm temperature, malaria case for 

example can increase, others include meningitis, heat rashes, measles etc. The intense heating of the area can increase the humidity content 

of the place, enough to bring about positive feedback like rainfall and negative feedback such as high humid which is attributed to a 

decrease in human comfort.  
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As a rule, when temperature and humidity are high, human comfort is low. An increase in temperature may also decrease the 

credibility of structures since these structures were already established to suit a milder temperature condition. In the issue of global 

warming/climate change, although this research doesn‟t have enough justifications to attribute the temperature rise to climate change; it is 

not a possibility to be comfortably ruled out. Observations and research have established that climate change may lead to irregular pattern 

of other weather conditions such as rainfall pattern. In essence, a progressive increase in temperature is not entirely a good thing and so 

measures should be established to negate this rise.  

 

Hence, the following recommendations are issued: 

i. A cut down on the use of heat absorbing and retaining materials in building and construction in overall development, where possible, a 

suitable alternative should be encouraged in Gwagwalada Town. 

ii. An introduction of vegetal cover and green areas spatially in Gwagwalada Town to aid in cooling the environment. 

iii. Employing knowledge of weather and climate in modernization. Using the knowledge in building structures that inspires mild 

temperature conditions (e.g. building orientation, external covering and spatial distribution of structures in relation to one another). 

iv. Proper land use policies and implementation of these policies to govern the spatial ordering of structure and their density e.g. master 

plan, development plans, regional plans etc. 

v. Introduction of sanctions to punish defaulters of proper land use policies, such as paying of huge fines as penalties, demolishing of 

structures and serving time in prison where necessary  

vi. Reduce or total halting of the covering or sealing of the earth surface which reduces the absorption of solar rays in the urban areas. 

vii. Sanctions should be issued to irregular cutting done of trees (deforestation) without government permit and proper inspection in 

Gwagwalada Town. 

viii. Carbon emitting products and machines should be replaced with eco-friendly products, such as using solar panel to convert solar rays 

to electricity instead of the regular generators. 

ix. Waste materials should be incinerated or buried in a proper way than burning them, to reduce the amount of carbon emission. Hence, 

large scale air pollution can be checked and reduced considerably. 
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