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Abstract Removal of vegetation to give space for urban
expansion might result in the temperature rise in cities. The
present study compares the LSTs derived from Moderate
Resolution Imaging Spectroradiometer (MODIS) with
observed air temperature from ground weather data. The
natures of the materials that are usually found in the urban
area are typically concrete and asphalt materials which
affect the urban atmospheric system. In this study, varia-
tion in urban land surface temperatures (LST) using
MODIS and in-situ meteorological data were examined.
MODIS data and daily rainfall, minimum (Tm) and max-
imum (Tmx) temperature from ground weather station
were used. The results reveal that average LSTs during the
dry season are noticeably higher for both daytime during
November: 34.62 °C, December: 33.75 °C, January: 34.68
°C, February: 35.02 °C and March: 34.87 °C. There are
notable differences in the LST observed between daytime
and nighttime for both MOD11A2 and MYD11A2 and that
of maximum and minimum air temperature from in-situ
meteorological data. MOD11A2 is a better proxy for daily
maximum and minimum air temperature than MYD11A2,
though seasonal variations in the extent of LST occurs
during the wet and dry season. The study shows that the
contribution of the urban LSTs was comparatively smaller
at night than the day, perhaps as result of the variations in
the amount of solar radiation received by the day and night
times.
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Introduction

The global growing trend of urbanization comes with
consequences on the ecosystem such as depletion of land
natural resources in many cities. The excessive upsurge of
unguarded development in the urban centers induces the
use of land for other purposes that would not complement
the effect of human development on the urban environ-
ment. Studies have reported that the percentage of the
green space and public open spaces that are supposed to
have been preserved are being built-up in many cities areas
in the world (Rosenzweig et al. 2006; Kim and Pauleit
2007; Qiao et al. 2013; Kandel et al. 2016). Loss of the
green spaces may deprive and reduce biodiversity, and
disrupt the structure and process of the urban ecosystem
(Kim and Pauleit 2007) while conversely, the presence of
green space mitigates by moderating the urban heat island
effect (Yuan and Bauer 2007).

Recently, researchers have assessed the link between the
urban land surface materials and urban thermal behavior
(Lu and Weng 2006; Weng and Lu 2008; Wang et al.
2016b). For example, Wang et al. (2016a) noted that
removal of vegetation due to urban expansion might result
in the minimum temperature rise by about 5°K in the newly
developed of the Beijing—Tianjin—Hebei metropolitan area.
Weng and Lu (2008) had earlier documented the relation-
ship between change in urban land surface temperatures
(LST) and the morphological changes in vegetation cov-
erage and the impervious surface in the Indianapolis city of
the United States America. The results from these studies
show that urban areas may be more uncomfortable in the
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future due to urban expansion, an increase in the imper-
vious surface, an increase in LST, and reduction of green
space in cities areas.

Urban areas in Nigeria are currently overwhelmed by
rapid population increase, poor infrastructure and an ever-
increasing number of urban slums across the country. The
United Nation report has projected that cities in Nigeria are
expected to grow by higher population of people over the
next 40 years (UN 2012). This is an indicator that Nigeria
will experience high probabilities of urban expansion,
though; the major drivers of urban landuse change are
basically the spatial interaction effects and policy variables
(Bah et al. 2003; Braimoh and Onishi 2007). The natures of
the materials that are usually found in the urban area are
typically concrete and asphalt materials. They are used for
most surface construction which mostly absorbs and stores
heat energy much more effectively than the surrounding
natural rural environment. It should be noted that the
materials have different emission capacity. These factors,
combined with the heat generated from vehicles, air con-
ditioners, and industries enhances cities to generate, absorb
and hold heat effectively. As a result, the heat captured
during the day by diverse surfaces is gradually released at
night (Lo and Quattrochi 2003; Solecki et al. 2005). Sur-
prisingly, few studies have been conducted in Nigeria to
assess variation in urban LST in some cities in the country.

Fig. 1 Map of the study area
showing the landscapes and the
location of selected sample sites
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What is obvious from these studies is the increasing urban
temperature in some cities in Nigeria, compared to the
surrounding rural areas (Balogun and Balogun 2014; Umar
and Kumar 2014; Daniel 2015; Ayanlade 2016; Ibrahim
Mahmoud et al. 2016). None of these studies compared
satellite-derived temperature data with ground weather
stations data. Thus, the present study examines the varia-
tion in urban LST using Moderate Resolution Imaging
Spectroradiometer (MODIS) and in-situ meteorological
data. The study aim at investigating variations in and
compare the mean LST during dry and wet seasons from
MODIS with ground meteorological data between 2002
and 2014 for selected sites and uses this to show the
intensity of urban heat island (UHI) in a city in Nigeria.

Materials and methods

Study area

Lagos metropolis is located in the Gulf of Guinea, the
south-western coast (see Fig. 1) and lies generally on
lowlands part of Nigeria. The city is one of the highly
populated and one of the fastest growing mega-cities in the
West Africa, with nearly 70 % of the population living in
the slums areas (Adelekan 2010). The study site is located

';:'} Location of selected sites #
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Table 1 Meteorological characteristics of the study area

Months Number of rainy day Rainfall T Trox

Jan 1 24.04 23.03 33.19
Feb 2 40.83 22.68 32.15
Mar 6 72.30 21.48 31.90
Apr 9 148.48 22.59 30.25
May 12 198.37 20.70 30.11
Jun 16 288.01 20.82 29.36
Jul 13 217.67 20.79 28.06
Aug 11 91.54 21.16 28.06
Sep 12 197.81 21.29 29.88
Oct 10 162.38 21.60 30.21
Nov 4 94.53 20.57 31.48
Dec 2 26.75 20.92 31.05

partly rainforest and swampy mangrove region of Nigeria.
It has bi—-modal rainfall peaks with nearly 2000 mm of
mean annual rainfall (Oyewole et al. 2014). Table 1 shows
the monthly rainfall, minimum (Tm) and maximum (Tmx)
temperature from the ground weather station. The lowest
Tm and Tmx occurs during the months from May to
September, which is the peak period of the rainy season,
but the high temperature usually records in the months of
November to March (Oyewole et al. 2014; Ayanlade 2016).
February is the hottest month in Lagos (Table 1). Over the
past decades, deforestation resulting from rapid urban
expansion, riverine flood, an increase in heat wave, coastal
and flash flooding have been the major environmental
problems in the city. This is because the rapid growth of
the metropolis resulting from an increase in industrial
activities and urbanization over the years has continued to
exert enormous pressure on the environment’s resources
such as mangrove, swamp, and other coastal wetland
vegetation. Studies have shown that removal of vegetation,
one of the impacts of landuse/landcover change in the city,
reduces the natural barrier to storms and other climate
extreme events, thus resulting in changing in the LST
(Breitmeier et al. 2009; Kleerekoper et al. 2012).

Datasets and analysis

Both satellite and in-situ climatological data were used in
this study. A time series of Moderate Resolution Imaging
Spectroradiometer (MODIS) data and meteorological sta-
tions data used in this study were collected during both
rainy and dry seasons over the period of time from 2002 to
2014. MYD11A2 and MOD11A2 are 8-day data product of
MODIS, which composed from the daily 1-km LST pro-
duct MYDI11A1 and MODI11A products). MYD11A2 and
MOD11A2 used in this study are day and nighttime LSTs

and emissivity estimated from Bands 31 and 32. Sub-set of
MODIS data were used to assess the mean LST during wet
and seasons for selected sites. Daily rainfall, minimum and
maximum temperature, between 2002 and 2014, were
collected from Nigerian Meteorological Agency, Oshodi
Lagos. In this study, the rainy season represents periods of
reasonably high rainfall in the study area, from April to
October, while dry season lasts from November to March.
Rainfall and Temperature were used to understand the
average temporal and seasonal rainfall and temperature
patterns in the study area, and were compared with
MYDI11A2 and MOD11A2 dataset.

Observed air temperature from meteorological stations
was compared with MODIS data over the period from the
year 2002 and 2014. The LST values for the pixel in which
the automatic meteorological station were used to create
extracting MOD11A2 and MYD11A2 values and com-
pared with maximum and minimum air temperature from
meteorological station. The rainfall data were analyzed to
assess the average monthly rainfall over the period. The
analysis reveals two peaks rainfall periods: May to July and
September to October, with rainfall being heaviest during
the first peak period, but the dry season is the months from
November to March. Selected sites were analysis to
examine the variations LST over different landscapes. The
selection was a purposive sampling method, covering the
landscapes such as farmland area, sub-urban residential
areas, commercial and downtown areas, urban residential
area, and rural area which consist of vegetal cover. The
temperature variations in these landscapes were assessed
using LST parameters extracting from MODI1A2 and
MYDI11A2 metadata.

Results and discussions

Variations in mean temperature from MODIS
and observed air temperature

The differences between the MODIS day and night tem-
perature and observed air temperature are presented in
Figs. 2, 3, 4 and 5. These figures compare the extent and
rate of change in long-term temperature for MOD11A2,
MYDI11A2 and air temperature, maximum, and minimum,
from the meteorological station, for both day and night
over the period of study. The results show notable differ-
ences in the LST, observed between daytime and nighttime
for both MOD11A2 and MYDI11A2 values and that of
maximum and minimum air temperature from in-situ data.
Previous studies have reported the similar results in other
part of the world. Typical examples of such studies are the
works of Zhu et al (2013) and Wang et al (2016a). The
major finding of this study, like other previous studies, is
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Fig. 2 Time series of average
daily MOD11A1 products
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that MODIS products hold potential benefits of good esti-
mation of spatial and temporal LST (Zhu et al. 2013; Wang
et al. 2016a, b; Zhang et al. 2016). In the present study,
however, cloud cover is a challenge with MODIS data,
resulting to areas with no data, especially during the wet
seasons. But, what is obvious from the present study is that
MODIS product overestimated the LST during the daytime
(Figs. 2, 4) and underestimate it during night time (Figs. 3,
5). It is observed that during the night, temporal agree-
ments were observed (Fig. 5), much more in the dry season
compared to the day time and wet season (Figs. 2, 4), In
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Months (from 2002 to 2014)

addition, the results also revealed that MOD11A2 is a
better proxy for daily maximum and minimum air tem-
perature than MYD11A2. This result is in confirmation
of the study by Zhu et al (2013). The reason for this might
be as a result of the differences in the time overpass time of
both Terra and Aqua over the study area, thus results in
variations in the estimation of air temperature between
MOD11A2 and MYD11A2.

In General, the results show higher in LSTs during the
day time compared to night time. There appear to be sea-
sonal variations in the extent of LST during the wet and dry
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Fig. 5 Time series of average
daily MYDI11A1 products
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season, with the lowest in April to July and September to
October, while the months from November to March
appear higher. Average LSTs during dry season (Figs. 2, 3,
4 and 5) are noticeably higher for both daytime(November:
34.62 °C, December: 33.75 °C, January 34.68 °C, Febru-
ary 35.02 °C and March 34.87 °C) and nighttime
(November: 27.46 °C, December: 24.42 °C, January:
25.57 °C, February: 25.86 °C and March: 27.76 °C) com-
pare to wet seasons. The least wet season average LST
occurs during the months of July and August (with less
than 20 °C). Two major factors are responsible for these
variations; the seasonal variations in the amount of rainfall
and the monthly variations in solar radiation and percent-
age of cloud cover over the study area. Wet season receives
much more rainfall compares to dry season, with the peak
rainfall months to be from May to July and September to
October, while the least rainfall occurs during the months
from November to March. This might result from inter-
actions and variations in the Intertropical Convergence
Zone (ITCZ) associated with the coming onshore of a
warm, humid maritime tropical air mass and hot and dry
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1 L 1 L 1 1 1
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continental air mass. Also, the monthly variations in solar
radiation and percentage of cloud cover over the study area
results in seasonal and diurnal variations in LSTs. Effects
of the solar radiation and cloud cover might be as a result
of the closeness of the study area to the equator and the
Gulf of Guinea.

Mean seasonal land surface temperature for selected
sites

The study further assessed the mean Seasonal Land Surface
Temperature (SLST) from MODIS data between 2002 and
2014 for selected sites. The selected sites vary in terms of
the landuse and land cover (Table 2), consisting of com-
mercial and downtown (Site III), urban residential area
(Site IV), suburban residential areas (Sites II and V), rural
area (Site VI) and farmland area (Site I). Generally, the
LST values were higher during the dry seasons compared
to wet seasons in all study sites (Figs. 6, 7). In all seasons,
the LST was on highest in study site III follow by IV, while
the lowest occurred in sites I and VI (Table 2) with LST of
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Table 2 Mean seasonal land surface temperature (SLST) from MODIS data between 2002 and 2014 for selected sites

Selected  Description Mean SLST Mean SLST dry

sites wet season season

I This area is mainly farmland area, located around Ota community in Ogun state, Northwest of 27.7 29.8
Lagos.

II The zone is sub-urban residential areas, mainly along Alimosho community of Lagos, which ~ 28.8 30.7
consisting of urban fringe.

I This site is mainly commercial and downtown areas, consisting of Ikeja and Ilupeju of Lagos, 32.4 332
which is the core urban part of the study area.

v This area consists of urban residential area, mainly the around Oshodi and Ijegun areas. 30.4 322

\'% This site is located around sub-urban residential area with some green cover, mainly around 28.0 29.7
Isawo area.

VI This is mainly rural area consists of vegetal cover and some houses, along Isiu community 27.8 29.6

about 270 and 290 °C during dry and wet seasons
respectively (Figs. 6, 7). The reasons for variations in LSTs
values for these sites over the study period are very clear.
Firstly, sites III and IV are the core center of commercial
activities and the principal residential zone of Lagos, while
sites I and VI are rural areas consist of vegetal cover and
some few houses.

The replacement of vegetal surfaces by built-up sur-
faces changes the LST characteristics in the urban area.
For example, sites III and IV are known for low vegetal
cover, high intensity of pavements and concrete buildings,
which has higher percentage of non-reflective and water-
resistant materials. Studies have reported that trees and
vegetation provide shade, which helps lower surface
temperatures in urban areas. They also release water to
the air (through evapotranspiration processes), which
helps in the cooling system. Urban areas have more dry,
paving and rooftops, which evaporate less water, due to
the removal of vegetation to give way to urban expansion
(Coutts et al. 2007; Amiri et al. 2009; JACOB 2015). The
results from the present study show that variations in the
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landscapes between urban and rural areas exhibit varia-
tions in their LSTs. Tree planting during development and
redevelopment is critical to achieving a reduction in
Urban LSTs in Lagos, because trees have a cooling effect
and the moisture transpired through leaf surfaces (Solecki
et al. 2005). Previous studies have shown that urban
development reduces vegetative cover, thus adds heat
absorbing surfaces such as rooftops, buildings, and pav-
ing. Besides, increased air pollution and greenhouse gas
emissions from industrial areas and automobiles system,
make the LST in sites III and IV higher than that of I and
VI in all seasons in Lagos metropolis. It has been reported
in the literature that high levels of pollution in industrial
areas of cities increases the LST, because greenhouse gas
emissions change the atmospheric properties, thus raises
the temperature of the urban areas. Heat is also added
from other sources in cities such as fuel combustion and
air conditioning units (Solecki et al. 2005; Rosenzweig
et al. 2006). Consequently, areas in and around cities are
generally warmer than comparable rural areas (Oke
1982).
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Conclusions

This study aimed at examining the extent and rate of
change in long-term temperature for MODI11A2,
MYDI11A2, and air temperature, maximum, and minimum,
from the meteorological station, for both day and night in
an urban area. This was achieved by assessing both sea-
sonal and the daytime/nighttime differences in LSTs in
different landuse categories. In general, major finding of
this study can be summarized that: the MODIS data,
MODI11A2 is a better proxy for daily maximum and
minimum air temperature than MYD11A2, and seasonal
variations in the extent of LST occurs during the wet and
dry season, with the lowest in April to July and September
to October, while the months from November to March
appear higher.

Similarly, the arrangement of buildings affect wind
flow, solar energy distribution and energy balance in urban,
hence change the LST (Ishugah et al. 2014). In Lagos, the
narrow arrangements of buildings in residential areas
constitute urban canyons, which constrain the emission of
the radiation from core urban areas. The construction
materials commonly used in urban areas such as concrete
and asphalt have significant impacts on LST within the
urban areas compared to rural areas. Studies have also
reported that the tall buildings within urban industrial areas
create urban canyon effect which encourages multiple
surfaces reflection of radiation, therefore, change urban
LST (Guhathakurta 2013; Skelhorn et al. 2016).

The majority of these studies noted the variations in the
contributions of landscapes to seasonal and diurnal and
LST, but they concluded that urban land was the most
important contributor to increases in local LSTs. The rea-
son for this is obvious from the findings of the present
study; the urban centre of Lagos is clustered into high-
density population and industrial areas with dense build-
ings and little vegetation. One of the major findings of this
study is that contribution of urban land to the urban LSTs
was comparatively smaller at night than the day. This
might be due to the variations in the amount of solar
radiation received by the day and night times. Also, vari-
ation in seasonal and diurnal LSTs might be as a result of
the monthly variation in solar radiation and percentage of
cloud cover over the study area. The high intensity of UHI
in the study might also be associated with the reduction in
the surface heat release efficiency due to reflection and
absorption by the urban canopy. In an urban centre, there
appears to be a less energy loss due to latent heat evapo-
ration from the impervious urban surfaces and these
resulted in high rate of heat storage in urban surfaces
compares to rural areas, which has impacts on human
health (Tan et al. 2010; Shahmohamadi et al. 2011;

Jenerette et al. 2016; Lowe 2016). Tan et al. (2010) and
Lowe (2016) had earlier reported the implications of UHI
intensity on human well-being. The result of these studies
showed that warmer conditions in cities will affect human
comfort and increase demand for air conditioning, resulting
to increase in energy demand during the extreme warm
condition, which might lead to greater risks in the future
local climate.
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