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Urban Land Use Land Cover Changes and Their Effect on Urban 
Thermal Pattern: Case Study of Nigeria’s Federal Capital City  Ajayi Vincent Olanrewaju Department of Meteorology and Climate Science, Federal University of Technology PMB 704 Akure, 340001, Nigeria  

Abstract Since the official movement of the seat of government from Lagos to Abuja in 1991, the Federal Capital City being the most habitable area in the entire Federal Capital Territory has continued to experience rising urban population growth; this has resulted in a significant modification of its natural landscape. Such modifications often affect the microclimate of cities. This study investigates the effect of changing urban land use/cover on urban thermal pattern through the application of remote sensing, geographic information systems (GIS) and statistical methods. Land use land cover (LULC) and land surface temperature (LST) were extracted from Landsat 4 TM (1987) and Landsat 8 OLI/TIRS (2014). The result of LULC show that while built-up area and wasteland classes increased by 19.93% (from 23.57% in 1987 to 43.50% in 2014) and 15.87% (from 14.88% in 1987 to 30.75% in 2014) respectively, vegetation cover decreased by 35.63% (from 60.63% in 1987 to 25% in 2014). This significant vegetation cover loss to both built-up area and wasteland is an indication of man’s dominance of the landscape of the city.  The study revealed that the lowest values for minimum, maximum and mean temperature occurred in 1987 (17.03, 31.16 and 24.3°C respectively) while the highest values for minimum, maximum and mean temperature occurred in 2014 (25.01, 37.38 and 32.54°C respectively). In 1987, relatively lower LST values (23-26°C) were dominant occupying about 84.38% of the total land area while, in 2014; higher LST values (31-34°C) were dominant occupying approximately 84.14% of the total land area. These results show that a significant portion of the natural landscape elements of the FCC has been removed due to rapid urbanization and this has resulted in the formation of hotspots across the city. The results of this research bring to fore the need for urban planners in the FCC to put in place temperature-mitigation strategies so as to ensure the sustainability of the city. 
Keywords: LULC; LST; classification; FCC; SUHIs  
1 Introduction Land cover describes the biophysical state of the earth surface including forest, vegetation, wetland, soil and hard surfaces (Cheng et al., 2008) while land use denotes the human use of land such as farmland, settlement, etc. the concept of land use and land cover change is defined as the transformation of one land use and land cover (LULC) type on Earth’s surface to another (Petit & Lambin, 2002). Urbanization (physical growth of urban area) is one of the most significant land-use changes that were made by humans.  Cities across the world are witnessing rapid urban land use land cover changes due to rising urban population levels triggered by the migration of people from rural areas to cities. These rapid urban growths usually lead to environmental degradation because natural ecosystems such as natural green spaces and wetlands that reduce air temperatures are removed and then replaced with impervious surface materials (built-up surfaces). These materials whose surfaces are quite dark have greater thermal conductivity and higher solar radiation absorption, which make them absorb most of the insolation that falls on them. The absorbed solar energy heats up the pavements resulting in increased land surface temperatures (LST) (Yuen and Kong 2009; Obiakor et al. 2012; Ahmed et al. 2013).  LST is the temperature emitted by the land surface as observed by sensor at instant viewing angles (Rajeshwari & Mani, 2014; Schmugge et al., 1998). The percentage of each LULC types which occupy an urban area is one of the major factors influencing LST.  Impervious surfaces are man-made surfaces, which do not allow the permeation of water from land surfaces into the underlying soil (Okeke 2016). The increasing domination of the urban landscape by these impervious surfaces leads to the formation of Surface Urban Heat Islands (SUHIs), where urban areas show higher LST than the surrounding rural areas (Voogt & Oke 2003). SUHIs are a direct outcome of a degraded urban environment and it is the most important problem affecting urban microclimate. The intensity and spatial pattern of SUHI is dependent on the characteristics of the landscape (albedo and thermal emissivity), urban geometry (sky-view factor and building layout), weather conditions (cloud cover and wind) and human activities generating anthropogenic heat (Hamdi & Schayes 2007; Unger 2004). Many of these factors are primarily determined by land use/cover.  Rapid technological advancement in the field of thermal infrared remote sensing has immensely boosted the assessment of the relationship between LST and land use/cover. Environmental and urban climate scientists have used LST satellite-derived data to analyze how thermal patterns are connected to landscape characteristics, urban heat island and the surface energy balance (Liu & Zang 2011; Oke et al. 1992; Friedl 2002; Renzullo et al. 2008). 
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Lu and Weng (2004) developed a spectral mixture analysis in order to assess the relationship between urban thermal features and landscape pattern types in the City of Indianapolis, Indiana. The results proposed that impervious surface and LSTs had a positive linear relationship while vegetation and LSTs had a negative linear relationship for the study area. Since the launch of the Landsat Earth observation program in 1972 multispectral remote sensing and geospatial tools have been applied for environmental thermal pattern analysis and land use/land cover studies (Carlson et al., 1977; Bechtel & Daneke 2012; Weng 2001; Selcuk et al. 2003; Abdullah 2012; Fu & Weng 2016). Remote sensing (RS) integrated with Geographic Information Systems (GIS) provides a cost-effective technique for retrieving data on urban landscapes due to its large spatial coverage, high time resolution, and wide availability. Satellite RS collects multi-spectral, multi-resolution and multi-temporal spatial data transforming them into valuable information for monitoring and understanding urban LULC while GIS as a computer-based  system, collects, stores, analyze, and displays spatially organized information. With the availability of historical remote sensing data, open and free software and data, and satellite platforms with increased resolution; remote sensing technology appears ready to make an even greater impact on monitoring the land use/cover change and its effects on the thermal environment. Nigeria’s Federal Capital City (FCC) is an administrative centre and hosts government offices and international embassies hence, it is rich in infrastructure such as expanding road networks, pipe borne water, drainage and sewage systems, electricity, and communication networks. Due to its central location and accessibility makes people from all parts of the country crowd into the city in search of better living. With an annual growth rate of at least 35%, the city retains its position as the fastest growing city on the African continent and one of the fastest growing in the world. This increasing urban population and massive physical infrastructural development has led to profound changes in the status of its land use and land cover thereby exposing FCC to increased temperature and heat islands. Although quite a number of studies have been undertaken using satellite-derived LULC data, only a few efforts have been made to access the impact of urban LULC change on the urban thermal environment in Nigeria’s capital city. This study utilizes remote sensing techniques using Landsat images to generate land use/cover and surface temperature maps in order to evaluate the urban land use/cover changes in FCC, and to analyze the impact of land use/cover on LST. Landsat spectral bands have proven to be effective not only for identifying LULC (Koutsias & Karteris, 2003), but also for LST change assessment (Loveland & Defries, 2013). This study provides professionals such as landscape architects, environmentalists, and urban planners the much-needed information for putting in place temperature mitigation mechanisms for sustainable city development.  
2 Study area, Materials and Methods Abuja, the capital city of Nigeria has an estimated population of about 6 million people (Jaiyeola & Andrew 2016).  It lies between latitude 9°4′North of the equator and longitude 7°29′East of the Greenwich Meridian. The Federal Capital City (FCC) which is the focus of this study is located at the northeastern part of the Federal Capital Territory on latitude 09.00° – 09.12°N and longitude 07.26° – 07.32°E (Figure 1). The FCC falls within the Gwagwa plains with a terrain elevation, which ranges between 305m in the western sector to 610m in the eastern sector (Ojigi 2005). It is reputed to be the most ideal and conducive location for human habitation and settlement development within the FCT (Mabogunje 1976). The area is characterized by a hilly, dissected terrain and is the highest part of the FCT (Balogun 2001). The annual rainfall is highest within the FCC and its environs, which is about 1,631.7 mm. The annual mean temperature ranges between 25.8 and 30.2°C (Balogun 2001). The city being the seat of government houses the administrative headquarters of Nigeria government ministries, departments and agencies, and it is therefore rich in infrastructural facilities.  For the study, Landsat satellite images of Abuja were acquired under clear condition for two Epochs (1987 and 2014) from United States Geological Survey (USGS). The details of the datasets: satellites, sensors, spatial resolutions and source are mentioned in Table 1. The selection of images was done such that the period of assessment was the same (dry season between December and January) so as to ensure consistency in vegetation and land use change comparison. The acquired Landsat dataset’s datum was projected to WGS 84 and referenced to the Universal Transverse Mercator (UTM) Zone 32 North. To facilitate effective mapping of vegetation and environmental changes, radiometric correction (which involves the conversion of digital numbers to surface reflectance) was carried out on the image bands for the four Epochs. The calibrated image scenes were then clipped against the administrative boundaries of the study area for subsequent analysis. The images were classified using the maximum likelihood discriminant analysis classifier of the supervised classification scheme into the land use/land cover classes as given in Table 2. An error matrix and a kappa analysis approaches were used to assess the accuracy of classification. Kappa analysis is a discrete technique that is suitable for accuracy assessments (Congalton & Green 1998; Jensen 1996). This study relied on information closest to the historical date such as topographic maps, Google Earth images, sample points and familiarity with the study area to assess the accuracy. 
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The urban landscape thermal pattern of the FCC was mapped using the thermal band images of Landsat TM and OLI images. In this study, the LST was retrieved using the Land Surface Temperature Estimation Plugin in QGIS developed by Isaya Ndossi & Avdan 2016. This method is of three major steps namely: (1) Conversion of digital number to spectral radiance using the gain and bias values specific to the individual scene (Chandler et al. 2009); (2) Conversion of spectral radiance to brightness temperature value by applying the inverse of Planck’s function (NASA 2011) and (3) Computation of emissivity-corrected LST from brightness temperature (Sobrino 
et al. 2008). The methodology flow implemented for this study is represented schematically as a flow chart (Figure 2).   
3 Results and discussion Land use land cover distribution and change and land surface temperature distribution and change are the two main subsections in which the results of this study are presented: 

 Figure 1: Map of Abuja FCC showing the Study Area  
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 Figure 2: Methodology Flow Chart  Table 1: Data type and source. 
S/ N Date of acquisition Path-row, scanner Spatial resolution (m) Source 

1  
2 

1987-12-21 2014-01-05 189-54, LANDSAT-TM      189-54, LANDSAT-8 OLI 30/120 30/100 USGS USGS  Table 2: Description of the land use land cover classes.       LULC classes                                                                             Description Waterbody                Areas permanently covered with standing or moving water e.g. wetland, lake, rivers, water                                   ponds, etc. Built-up Area           Areas on which buildings and/or non-building structures are present e.g. cities, towns,                                    roads, etc.  Vegetation                Areas covered with plants and trees e.g. forests, farms, flowers, etc. Wasteland                 Areas without scrub, sandy areas, dry grasses, rocky areas and other man-induced barren                                    lands.  
3.1 Land use land cover distribution and change Figure 3 shows the LULC maps in 1987 and 2014 as generated from the maximum likelihood algorithm of the supervised classification scheme. The LULC maps were delineated into four classes (waterbody, built-up area, vegetation and wasteland) with very high accuracy as shown in Table 3. In 1987, an overall accuracy of 99.94% and overall kappa hat classification of 0.99 were obtained with built-up area, vegetation and wasteland having the highest producer accuracies. In 2014, an overall accuracy of 99.89% and overall kappa hat classification of 0.99 were obtained with built-up area and vegetation having the highest producer accuracies. From the classification, the study area covers a total area of 14,375,0381m2. The land use land cover distribution and change captured in Tables 4 reveals the following: the waterbody class represented in blue colour that occupied 0.92% in 1987 reduced slightly to 0.75% in 2014; built-up area represented in red colour increased from 23.57% to 43.50% between the years 1987 and 2014; vegetation (represented in green colour) recorded a significant reduction from 60.63% in 1987 to 25% in 2014; and the wasteland LULC class represented in brown colour also recorded an increase in its status from 14.88% in 1987 to 30 
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 Figure 3: Land use Land cover classifications for (a) 1987 (b) 2014.  Table 3: Land use Land cover classification accuracy assessment.        LULC classes                                              1987                                                          2014                              Producer accuracy - User accuracy         Producer accuracy - User accuracy                                                                                                     Kappa hat                                                     Kappa hat Waterbody                                   99.89%                100%  1.0    99.68%                 100%   1.0 Built-up Area                               100%                   100%   1.0    99.95%                 99.95%   0.99 Vegetation                                   100%                    99.85%       0.99    99.95%                 99.87%   0.99 Wasteland     100%                   100%  1.0    99.94%                 99.74%   0.99 Overall Kappa hat classification                 0.99   0.99 Overall accuracy                                        99.94%                        99.89%   
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 Figure 4: LST maps for (a) 1987 (b) 2014.  Table 4: Land use Land cover distribution and change pattern (1987 and 2014).            LULC classes                                          Land area                                                 Change in land area                                                1987                                   2014                                     1987 - 2014                                   (m2)                  (%)               (m2)                 (%)                 (m2)                        (%) Waterbody             1,320,719            0.92          1,081,720            0.75             -238,998                   -0.17 Built-up Area        33,877,323         23.57        62,524,720          43.50           28,647,397                 19.93 Vegetation             87,160,111         60.63        35,938,945          25.00         -51,221,166                -35.63 Wasteland              21,392,228        14.88        44,204,995           30.75          22,812,767                 15.87 Total                     143,750,381         100         143,750,381           100 This study reveals that the city has grown into a compact urban agglomeration especially in the north-western sector where built-up area has become bigger and more aggregated. There has been an extensive urban expansion from both the north-eastern and south-eastern sectors of the city towards the north-western sector. The south-western sector of the city also witnessed the development of new residential areas and modern infrastructural facilities such as roads, airport and stadium. The observed change in urban LULC pattern was quite significant especially in the built-up area, vegetation and wasteland classes. The increase by 19.93% in built-up area, reduction in vegetation by 35.63%, and the subsequent increase in wasteland by 15.87% all suggest the domination of man in the landscape under review. This significant temporal change is attributable to increasing urban population growth, which is traceable to Nigeria’s much improved socio-economic and political climate. The loss of vegetation cover to both built-up area and wasteland due to much encroachment because more residential and official buildings, infrastructural facilities and industries have to be put in place in order to cater for the needs of the increasing population, while the slight reduction in waterbody by 0.17% is an indication of the increasing demand for water and encroachment due to rising population (Fanan et al. 2011; Ige 
et al. 2017).   
3.2 Land surface temperature distribution and change Within this section, the computed LST maps of the study area are shown in Figure 4 while Table 5 shows the analysis of LST statistics in FCC for 1987-2014. In year 1987, LST values show ranges between 17°C-31°C, while in year 2014, LST values show ranges between 25°C-37°C. The lowest values for minimum, maximum 
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and mean temperature occurred in 1987 (17.03, 31.16 and 24.3°C respectively) while the highest values for minimum, maximum and mean temperature occurred in 2014 (25.01, 37.38 and 32.54°C respectively). The range of LST was less in 2014 (12.37°C) compared to 1987 (14.13°C). Generally, hotspots in the FCC were easily identifiable with wasteland and built-up area classes and in contrast, due to evapotranspiration and shading, considerably lower temperatures were consistently found in areas where waterbody and vegetation classes were dominant. Also noteworthy in the landscape under review is the rate at which reduced vegetation triggered by the combination of rising built-up area and wasteland classes has resulted in increased urban temperatures (heat pockets) between years 1987 and 2014. Increasing urbanization often engender the replacement of natural landscape elements (vegetation cover, waterbody, etc.) with artificial elements (built-up area and other non-vegetative features); because vegetation is usually cleared before the erection of structures, and in response to this, surface energy balance energy balance is usually altered resulting in rising temperature (Xiao et al. 2018; Santamouris et al. 2011; Alavipanah et al. 2015; Adeyeri et al. 2017). This explains the substantial expansion of the observed smattering and scattered hotspot features in year 1987 all across the fledging city in 2014.  Table 5: Land surface temperature statistics (1987-2014). Year                             Land surface temperature (°C)                   Minimum         Maximum         Range         Mean 1987             17.03                31.16              14.13          24.42 2014  25.01   37.38               12.37          32.54 In order to quantify the noticeable increased urban temperature, the spatial pattern of LST distribution and change from 1987 to 2014 was computed and analysed. From Figure 5, it can be seen that in 1987, areas with LST values between 23 and 26°C were dominant totaling 121,320,900 m2, this represents 84.38% of the total land area while, in 2014, areas with higher LST values between 31 and 34°C totaling 120,771,900 m2 which represents 84.14% of the total land area became the major LST areas. These findings indicate that areas with higher LST were more dominant in 2014 compared to 1987. The fluctuation of the LST areas between 1987 and 2014 indicates that relatively lower LST values below 27°C persistently decreased while major increases in LST values above 29°C were observed (Figure 6). This LST distribution pattern clearly attests to the impact land use land cover change has had on the microclimate of the FCC.  

 Figure 5: LST distribution for 1987 and 2014.  
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 Figure 6: LST change between 1997 and 2014.  
4 Conclusion This paper-utilized remote sensing data to monitor how changes in land use land cover has impacted on the thermal pattern of Nigeria’s Federal Capital City. Landsat 4 TM (1987) and Landsat 8 OLI/TIRS (2014) data were used to extract LST and LULC, which were then statistically analyzed in order to establish any logical relationship between them. The Maximum Likelihood Classification algorithm proved to be a very efficient method in classifying the LULC over the FCC. Four LULC classes (waterbody, built-up area, vegetation and wasteland) were identified, and an overall accuracy and overall Kappa of 99% were achieved. The results indicate that the city has grown to become a relatively compact urban agglomeration. Although urban growth seems to be occurring in almost every part of the city, the concentration of built-up area in the north-western, south-eastern and north-eastern sectors of the city has become bigger and more aggregated. For the period under review (1987-2014), very significant changes were observed in the dominant urban land use/cover classes, which are built-up area, vegetation cover and wasteland. While built-up area and wasteland increased by 19.93% and 15.87% respectively, vegetation cover decreased by 35.63% (from 60.63% in 1987 to 25% in 2014). This vegetation cover loss to both built-up area and wasteland is indicative of the rising urban population growth in the FCC. Also noteworthy is the slight reduction in waterbody by 0.17% (from 0.92% in 1987 to 0.75% in 2014). This is attributable to increasing water demand and wetland encroachment by the populace.  The LST distribution pattern clearly attests to the impact urban land use/cover change has had on the urban thermal pattern of the city. The significant increases recorded in the built-up area and wasteland classes, which substantially decreased vegetation cover, have led to an increase in surface temperature. The mean surface temperature has increased by 8.12°C, from 24.42°C in 1987 to 32.54°C in 2014. There was a slight drop in the range of LST in 2014 (12.37°C) compared to 1987 (14.13°C). In 1987, the dominant LST values (23-26°C) occupied about 84.38% of the total land area while in 2014; the dominant LST values (31-34°C) occupied 84.14% of the total land area. These increases in LST values through time are very consistent with the observed urban expansion within the period under review. The LST maps also reveal the pattern of the urban thermal environment where higher surface temperature values were recorded in wasteland and built-up area classes while waterbody and vegetation classes recorded considerably lower surface temperature values. The result show that much of the natural landscape elements of the FCC have been removed due to rapid urbanization and this has resulted in decrease in cool LST areas and increase in hotspot formation across the city.  Thus, this study recommends that further studies on the urban morphology of the FCC should adopt the local climate zone classification concept, which will allow for a more detailed urban typology information extraction and also intra-urban temperature comparison. Lastly, in order to ensure the sustainability of the city, policy makers should put in place an aggressive temperature mitigation strategy for land surface management coupled with stricter enforcement of the city’s master plan in order to forestall any further degradation of the land.    
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