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Abstract 

The development of an urban heat island in a city may impact not only the micro-

climate of the urban area but human health, comfort and general well-being. The aim of this 

paper is to examine the spatial characteristics of land surface temperature over Nairobi, a 

highland city in the Equatorial East African region, in order to establish the nature of the day-

time and night-time urban heat islandparticularly with respect to the heavily built-up Central 

Business District (CBD) and its immediate environs. Remote sensed data obtained as 

monthly mean day and night-time temperatures from Moderate Imaging Spectroradiometer 

(MODIS) platform were used. The results indicate that day- and night-time surface UHI exist 

in Nairobi. The UHI was distinguishable at night within the CBD as the averaged night 

temperatures rose gradually from the rural areas, to a peak over the CBD. On average, the 

night-time UHI had a temperature difference between the outskirts and the CBD of about 3oC,but 

varied spatially according to the nature of the land-use/cover of the neighbouring areas, 

development patterns of the built areas, and the season. This study shows that there is need to put 

up mitigation measures to minimise increasing temperatures due to urbanization and hence 

reduce UHI effect impacts on the environment and human well-being.  

 

Keywords: Central Business District, Land surface temperature, MODIS, Land use/cover, 

Temperature Profile, Transects 

 

Introduction 

High  rate of urbanization all over the world results in human-induced land use/land 

cover changes that impact on the climate system through changes in urban heat 

fluxes(McCarthy et al. 2010;Zhang et al. 2013). Human activities such as intense use of land, 

deforestation, burning of fossil fuels among others, usually modify the planetary boundary 

layer (PBL) through changes in local air circulations. This surface-atmosphere interactions 

play an important role in the earth’s climate system since the PBL transports heat, 

momentum, and humidity within it (Grimmond 2007; Barlow 2014). The heterogeneous 

surface heat fluxes between urban and rural environments produce positive temperature 

differences over the urban and negative over the rural areas. The altered boundary layer 
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processes in an urban area results in the creation of UHI;defined as an urban area which is 

significantly warmer than its surrounding rural areas (Oke et al. 1991). Incident solar 

radiation of equal intensity is received in urban and rural locations. In arural forest, for 

example, albedo is much higher than within a city. Therefore reflection of the incoming 

radiation is much higher in the rural ecosystem than the neighbouring urban area. The urban 

environment thus absorbs more of the sun’s energy than the rural environment. The 

differences in the reflected solar radiation, anthropogenic heat, latent heat, and outgoing 

infrared radiation lead to heat islands and result in urban island thermal circulations 

(Shepherd, 2005; Stewart and Oke, 2012). A typical temperature profile of an urban and 

nearby rural areas is shown in Figure1. 

 

Figure1: A typical day-time urban heat island profile (from World Resource Centre) 
 

The UHIphenomenon and its effects on the environment thas been studied widely 

especially for the megacities of the world (Peng et al. 2012;Vardoulakis et al. 2013; Ahmed 

et al. 2014). However there are very few studies in the cities of Africa (Efe & Eyefia 2014). 

UHIs influence air temperatures in the canopy layer as well as in the boundary layer  (Oke et 

al.1991; Arnfield 2003; Grimmond 2007). Two main  research  methods have been used to 

quantify an UHI including measuring air temperatures (usually 2 m) above ground either on a 

traverse through a city or by comparing temperatures from point measurements in the city 

centre and  points in the surrounding rural areas (Arnfield 2003; Stewart 2007), 

andexamining surface UHI derived from remotely sensed data (Kloog, et al., 2012; Cheval 

and Dumitrescu, 2015). While measurements of air temperatures above the ground directly 

refer to the UHI in the canopy layer, remote sensing data use the thermal emissivity of land 

surfaces and the derived land surface temperatures (LSTs). The term “surface UHI” is often 
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used to overtly distinguish UHIs measured using LSTs from that measured from air 

temperature. LSTs have the advantage of spatially explicit datasets, when compared to single 

measurement points. In the last two decades, a variety of remotely sensed time series data is 

available, and is continually being used to assess surface UHIs. 

UHI has been shown to have impact on urban rainfall patterns as well cause other social-

economic issues such as health and human discomfort (Shepherd & Burian 2003; Shisanya & 

Khayesi 2007; Thuo 2013). The strength of the UHI formed in a given city is influenced by 

natural and anthropogenic factors. In cities and heavily built up areas, wind speed is lower 

with frequent gusts experienced in urban canyons (Ongoma et al. 2013) hence lowering the 

mixing of warm and cool air. The limited air circulation and low wind speeds tend to retain 

heat and pollutants in the urban area thus strengthening the UHI. Increase in cloud cover 

reduces the solar heat intensity and hence reduces the radiative cooling at night, while calm 

days and clear skies maximize the amount of radiation received(Oke et al. 1991).  From an 

anthropogenic perspective, urban populations influence UHI through direct heat release 

through metabolism, and indirectly through heat-generating activities such as domestic 

heating, automobiles, power plants, and air conditioners, among other sources (Sailor 2011). 

Other factors such as building design and building materials of the urban fabrics play a role in 

the amount of heat absorbed and emitted in an urban area(Shepherd 2005). In this study, 

remotely sensed LSTs from MODIS were used in order to investigate spatial and temporal 

variability of temperature over Nairobi urban area. 

 

Study area 

The Nairobi urban area extends between 36o 4` and 37o 10` east and approximately 

between 1o 9` and 1o 28` south, covering an area of 689km2 (Figure 2). The average altitude 

is approximately 1700m above sea level. The population of Nairobi has increased almost 

tenfold in the last five decades mainly due to rural-urban migration and natural population 

growth. In the early 1960’s Nairobi had a population of about 350,000 and by 2009 more than 

3.1 million people live within the city. The main central business district (CBD) contains the 

commercial buildings, government and state premises, and the industrial area. The population 

densities vary widely within the city. High-income locations have average densities as low as 

500 people/km2 while low-income locations such as those in the slums have high densities.  
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Figure 2: Locations of Nairobi city (Source: www.map.library.com/) 
 

Methodology and data  

The determination of surface UHI intensityusing remote sensing of LST is based on Plank’s 

theory of electromagnetism, which relates the radiative energy of a black body to its 

temperature. According to this theory, a black body has an emissivity of one ( ; 

however, most natural objects are non-black bodies with emissivity ranging between 0 and 1 

 for a given wavelength (  of radiation (Dash et al. 2002). The spectral 

emissivity  is the ratio between the radiance released by an object at a given  and that 

emitted by a black body at the same temperature. The Plank’s function for non-black body 

may be expressed as: 

 

R( ,T)= B( ,T)=        (1) 

 

where B( ,T) is the spectral radiance of a black body (WM2μm-1sr-1); R( ,T) is the spectral 

radiance of a non-black body;  is the wavelength in meters;   is the emissivity at that 

wavelength; T is the brightness temperature in Kelvin (K), and c1 and c2, are universal 

constants (Dash, et al., 2002). The temperature, T, is computed from the radiance measured at 

the top of the atmosphere (TOA) and can be obtained by inversing the Plank’s function. 

Thus: 
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 T=         (2) 

 

where all the terms are as given in Equation 1.  

 

The TOA brightness temperature is usually lower than the surface temperature due to 

atmospheric effects that attenuate the radiance energy as it passes through it, and spectral 

emissivity due to roughness properties of the land surface (Wang, et al. 2007; Kloog, et al., 

2012). The LST is therefore retrieved from T using various algorithms that account for the 

atmospheric effects. A limitation of the thermal remote sensing technique is the requirement 

of clear skies in order to derive accurate readings. Hence clear skies observations are 

obtained using cloud masking algorithms in MODIS data. The MOD11A2 product used in 

this study is obtained using the generalized split-window algorithm that execute corrections 

of the atmospheric effects based on the differential absorption of infra-red (IR) bands next to 

each other and within one atmospheric window. The algorithm requires land surface 

emissivity as the input data (Wan and Dozier, 1996). According to the split window 

algorithm, LST is retrieved from the equation given as: 

 

LST=                          (3) 

 

where   and  are the mean and differences of emissivity in the wavelength bands 31 and 

32 and i=31 and j=32; Ti and Tj are the top of the atmosphere brightness temperature of each 

band computed from Equation 2; the coefficients  depend on viewing 

zenith angle, atmospheric surface temperature and water vapour, and are derived using 

regression analysis of radiative transfer simulation data of surface air temperature (Wan, 

2014). The MODIS land surface temperature data has been found to have an accuracy within 

the limits of 1oC in the -10 and 50oC, as was validated by the MODIS land team validation 

(MODIS land team 2011) (Cheval & Dumitrescu 2015). 

Complete time series of MODIS LST data were available since the year 2004. This 

data have spatial coverage of the whole urban area and especially over the CBD where the 

greatest UHI effect is likely to be felt.LST data for Nairobi and its environs(between the 

latitudes 1.10oS and 1.52oS and longitudes 36.51oE and 37.21oE), used in this study 

comprised of day-time and night-time temperature taken at a spatial resolution of 1 km and 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 4.483, ISSN: 2320-5083, Volume 6, Issue 2, March 2018 

 

63 
www.jiarm.com 

temporal resolution of 8 days and computed as monthly mean values. The LST data were 

used to examine the variations of day-time and night-time temperature across Nairobi urban 

area. Several North-south (N-S) and west-east (W-E)transects traversing through the heavily 

built-up areas (CBDs) from the rural areas were drawn and LST along each transect taken at 

intervals of 1km. The LST were used to investigate surface UHI Nairobi city. The transects 

were drawn using the Google Earth maps and city land use maps (Figure 3). The, N-S 

transects were located along the longitudes 36.80-36.82oE (passing through the CBD) and the 

latitudes varied from 1.09oS (rural areas to the north of the CBD) to 1.41oS (National park 

and rural areas south of the CBD). The W-E transects passed through the latitude 1.26-1.28oS 

(passing through the CBD)and the longitudes varied from 36.64 oE (low-density residential 

areas) to 37.10oE (high density residential and open land). Day-time and night-time monthly 

LST, for pixels along these longitudes and latitudes, were then plotted against the latitude 

(longitude) so as to observe the temperature profile of Nairobi urban area for both day-time 

and night-time and thus locate the UHIs.  

The LST data used for analysis included mean temperature for the cold season (represented 

by the month of July), hot season (represented by the month of January) and the annual mean 

for each year. Mean LST for twelve years (2004-2015) for the same months and annual mean 

were also computed and plotted in order to examine the long-term mean temperature profiles. 

 

 

Figure 3: Google Earth map showing the N-S (along 36.81 oE) and W-E (along 1.28oS) 

transects (marked yellow) used to compute temperature profiles for Nairobi and Nairobi land 

use Map of 2014 (source:www.map.library.com/) 
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RESULTS 

The temperature profiles show the location of the UHI within the CBD during day-

time and night-time (Figure 4&5); for instance, Figure 4a shows a N-S day-time profile for 

year 2015 and the mean LST profile for the period (2004-2015); Figure 4b shows the N-S 

variation of the night-time temperature for the same periods; Figure 5(a) shows the W-E 

variation of day-time, and night-time LST for the year 2015, and the mean profile for the 

twelve years (2004-2015); Figure 5(b) shows the W-E variation of the night-time temperature 

for the same periods. From the N-S profiles, it is clearly observed that the LST of the forested 

and grasslands to the north and south of the CBD is much lower than within the CBD. 

Likewise, the SLT west of the CBD which comprises of low density built up areas with a lot 

of vegetation is cooler than the CBD. However, the heavily built up area with sparse 

vegetation is warmer than the CBD during the day but cooler at night. Monthly mean land 

surface temperature maps also show that the eastern side of Nairobi is warmer than the 

western side during both day and night for Nairobi during a hot month (January) and a cool 

month (July) for some years; the night-time UHI is also observable in most maps (Figure 6). 

 

 

Figure 01: N-S land surface temperature profiles (along longitude 36.81) showing; a) day-

time; b) night-time temperature variability between the CBD and rural area to the north 

(Karura forest) and south (woodland in the Nairobi National Park); each profile shows 

temperature variability for the warm (January) and cool (July) months and the annual mean 

for;  i) 2015; ii) long-term average (2004-2015); note Nairobi UHI  is observed clearly within 

the CBD (1.25-1.30oS) for the night-time profiles 
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Figure 5:W-E land surface temperature profile (along Latitude 1.28oS) showing a) day-time; 

b) night-time temperature variations between the City CBD  and low-density residential area 

to the west and high-density residential areas to the east; each profile shows LST variability 

for the warm (January) and cool (July) months and the annual mean for i) 2015; ii) long-term 

average (2004-2015); note Nairobi UHI is observed within the CBD (between longitude 

36.81-36.87oE) in the night-time profile 

 

 

Figure 6: Mean monthly distribution of land surface temperature for 2015; a) January day-

time; b) January night-time; c) July day-time and; d) July night-time; the horizontal axis 
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represents the Longitudes(oE) and the vertical axis represents latitudes (oS); the CBD is 

located approximately 1.28-1.29oS and 36.81-36.84oE; The vertical bar in each map shows 

the range of temperature in oC 

 

DISCUSSION 

From the analysis of LST over Nairobi, it clearly observed that the CBD especially at 

night is warmer than the neighbouring sub-urban and rural areas. The intensities of the day-

time and night-time UHIs are clearly dependent on the land-use/cover types in the 

neighbourhood of the CBD. For instance; i) day-time temperature difference between the 

forested area to the north (Karura Forest) and the CBD is about 4oC (using the long-term 

annual mean profile) and between woodland area (National Park) and the CBD is about 3oC. 

The forest is much cooler during the day than at night which is attributed to the latent heat 

flux via evapotranspiration. At night, the temperature difference are much lower (about 1 oC 

on average) between the CBD and the forested area to the north whereas there was a sharp 

drop between the CBD to the coolest point in the woodland to the south of about 4oC on 

average. This observation implies that land cover of shrubs,bushes, and bare ground, cools 

much more at night than in the deciduous forest to the north, and therefore the intensity of 

surface UHI depends on the land cover of the rural environment. It is worth noting that, the 

change in temperature from one land cover type to another, occurred gradually during night-

time unlike for the day-time where changes were abrupt. Another observation between day-

time and night LST was that temperature remained lower outside the CBD for the night-time 

LST, which was not the case for the day-time profile, and that the W-E transect depicts that 

on average, the temperature difference between the low-density residential areas to the west 

of the CBD and the CBD is about 6oC, while the temperature difference between the CBD 

and the high-density residential areas to the east is actually negative (about -2oC on average). 

Therefore the UHI of the CBD from the W-E profile is not distinguishable from the higher 

temperatures to the east. The pattern could be attributed to the rapid growth of high-density 

residential houses and increased road networks to the east (see figure 3).  

The use of remotely sensed land surface temperature (LST) clearly demonstrates the 

existence of surface UHI in Nairobi especially at night. Temperatures are observed to 

increase steadily from the rural environments towards the heavily built up areas and the CBD. 

The UHI intensity over Nairobi is influenced by the land use/cover type. For instance, the 

higher day-time temperatures to the east of the CBD were attributed to the development of 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 4.483, ISSN: 2320-5083, Volume 6, Issue 2, March 2018 

 

67 
www.jiarm.com 

high-density residential buildings. Land cover/use change studies over Nairobi area report 

that built up areas have increased significantly over the last three decades (Mundia & Aniya 

2006; Mumina & Mundia 2014) and urban population in Nairobi has also increased from 

about half a million people in the 1960s to more than 3.1 million according to the Kenya 

National Bureau of Statistics (KNBS 2010).The increase in population and economic 

activities have increased anthropogenic sensible heat  in Nairobi especially during the day 

and also pollutants that have greenhouse gas effect (Hart & Sailor 2009) thus increasing the 

heat energy flux in the urban environment. Cheval and Demitrescu (2015) used a similar 

method to study UHI over Bucharest (Romania), and indicated that the type of land cover in 

an area exerts a strong influence on the LST and hence on the relative UHI intensity. Their 

study suggests that water bodies and forests have moderating effect on UHI which is equally 

observable in this study. 

 

Conclusion 

LST data from MODIS allowed for a spatial evaluation of the surface UHI 

particularly with respect to the heavily built-up city centre and its immediate environs. 

Results showed that the intensity of UHI is highly dependent on the time of day, land cover 

types of the rural areas bordering the heavily built up areas of the city, and the season. The 

establishment of the existence of surface UHI in Nairobi forms a basis for studies on the 

impacts of urbanization on climate (e.g global warming and rainfall), health and general 

wellbeing of the millions of people living in this city. If rainfall intensities or duration of wet 

spells are enhanced by UHI effect, undue urban flooding could be experienced in the urban 

areas and/or their downwind neighbourhoods. Disease causing vectors that thrive in warmer 

environments are likely to increase thus affecting human health and increased heat cause 

human discomfort. 
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