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Abstract

There are many drivers of climate change. The urbanization process has been
adjudged to be one of the major factors influencing spatial variation in land use and
land cover change (LULC), land surface temperature (LST), land surface emissivity
(LSE), increasing greenhouse gases emission, and climate change. This article uses
a multispectral satellite remote sensing and survey-based approach to examine the
nexus of LULC and LSE in the Ibadan city region, Nigeria. The spectral reflectance,
the sun angle spectral radiance of the Landsat imageries (2000, 2010, 2018) was
corrected and converted from digital number. The LULC, Normalized Difference
Vegetation Index (NDVI), Normalized Difference Built-Up Index (NDBI), LSE and
LST were obtained from the analysis of Landsat imageries. From the findings,
temperature increase was identified as a peculiar environmental issue. Analysis of
the Landsat imageries revealed that the NDVI value increased from 0.44 in 2000 to
0.47 in 2018. The NDBI values showed that built-up areas in the core of the urban
areas have the highest NDBI values (0.023-0.602). The spatio-temporal trends of
LST were related to the changes in LULC, and the built-up area had the highest
LSE. The maximum LST (43°C) was observed in the year 2018 at the core area of
the city where building density was highest. The study suggests an application of
cool pavements, green development, and urban forest regeneration for sustainable
development.
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VERANDERING VAN GRONDBEDEKKINGS EN EMISSIWITEIT VAN
GRONDOPPERVLAKTE IN IBADAN, NIGERIE

Daar is baie drywers van klimaatsverandering. Die verstedelikingsproses
word beskou as een van die belangrikste faktore wat die ruimtelike variasie in
grondgebruik en landbedekkingsverandering (LULC), landopperviaktemperatuur
(LST), landoppervlakte-emissie (LSE), toenemende emissie van kweekhuisgasse
en klimaatsverandering beinvioed. Hierdie artikel maak gebruik van 'n multispektrale
satellietafstandwaarneming en opmetingsgebaseerde benadering om die verband
tussen LULC en LSE in die Ibadan-streek, Nigeri€, te ondersoek. Die spektrale
weerkaatsing, die sonhoekspektrale uitstraling van die Landsat-beelde (2000, 2010,

2018) is reggestel en omgeskakel van
digitale nommer. Die LULC, Normalised
Difference Vegetation Index (NDVI),
Normalised Difference Built-Up Index
(NDBI), LSE en LST is verkry uit
die analise van Landsat-beelde. Uit
die bevindings is die toename van
die temperatuur geidentifiseer as
'n eienaardige omgewingskwessie.
Analise van die Landsat-beelde het aan
die lig gebring dat die NDVI-waarde
van 0.44 in 2000 tot 0.47 in 2018
toegeneem het. Die NDBI-waardes het
getoon dat beboude gebiede in die kern
van die stedelike gebiede die hoogste
NDBI-waardes het (0.023-0.602). Die
ruimtelike-tydelike neigings van LST
hou verband met die veranderinge in
LULC, en die beboude gebied het die
hoogste LSE gehad. Die maksimum
LST (43°C) is in 2018 waargeneem in
die kerngebied van die stad waar die
geboue se digtheid die hoogste was.
Die studie dui op die toepassing van
koel sypaadjies, groen ontwikkeling en
stedelike bosvernuwing vir volhoubare
ontwikkeling.

Sleutelwoorde: Grondgebruik, emissi-

witeit op die oppervlak, stedelike
uitbreiding, stedelike veerkragtigheid,
Ibadan

PHETOHO EA TSEBELISO LE
KOAHELO EA MOBU ‘MOHO

LE BOKAHOLIMO BA LEFATS’E
TOROPONG EA IBADAN, NIGERIA

Ho na le lisosa tse ngata ba phetoho ea
maemo a leholimo. Phallo e phahameng
ea batho ho ea litoropong e nkuoe e le
e ‘ngoe ea lisosa tse kaholimolimo tse
susumetsang phapano ea phetoho
ts’ebelisong le koahelong ea mobu
(LULC), mocheso ea lefatse (LST),
mesi e kotsi ho lefats’e (LSE), ‘me
getellong e eketsa ho tsoa ha likhase
le phetoho ea maemo a leholimo.
Sengoliloeng sena se sebelisa mokhoa
oa kutlo e hole le oa liphuputso tsa
boithuto ho lekola khokahanyo pakeng
tsa LULC le LSE tikolohong ea toropo
ea Ibadan, Nigeria. Ponahalo, khanya
ea letsatsi ea litSoantSo tsa Landsat
(2000, 2010, 2018) e ile ea lokisoa
mme ea fetoloa ho tloha ho nomoro ea
‘digital’. LULC, Normalized Difference
Vegetation Index (NDVI), Normalised

Dr Oluwasinaayomi (O.F.) Kasim, Lecturer, Department of Urban and Regional Planning, University of Ibadan, Nigeria. Phone: +234 8055607009,

email: <kasimfaith@gmail.com>, ORCID: https://orcid.org/0000-0002-5985-1534

Prof. Samuel (S.B.) Agbola, Chair: Human Settlement Unit, Mangosuthu University of Technology, Durban, South Africa. Phone: +27 0632291570,

email: <Babatunde.agbola@gmail.com>, ORCID: https://orcid.org/0000-0001-8128-5746.

Mr Michael (M.F.) Oweniwe, Graduate student, Department of Urban and Regional Planning, University of Ibadan, Nigeria. Phone: +234

80649599515, email: <michaelfemioweniwe@gmail.com>

SSB/TRP/MDM 2020 (77):71-88 | ISSN 1012-280 | e-ISSN 2415-0495

OPENaAGOESS

71


http://journals.ufs.ac.za/index.php/trp
mailto:kasimfaith@gmail.com
https://orcid.org/0000-0002-5985-1534
mailto:Babatunde.agbola%40gmail.com?subject=
https://orcid.org/0000-0001-8128-5746
mailto:michaelfemioweniwe@gmail.com
http://dx.doi.org/10.18820/2415-0495/trp77i1.6

SSB/TRP/MDM 2020 (77)

Difference Built-Up Index (NDBI), LSE
le LST li fumanoe ho tsoa tlhahlobisong
ea litS5oantSo tsa Landsat. Ho latela
liphuputso, keketseho ea mocheso e ile
ea khetholloa e le bothata bo ikhethang
ba tikoloho. Tlhatlhobo ea litSoantSo
tsa Landsat e senotse hore boleng
ba NDVI bo eketsehile ho tloha ho
0,44 ka 2000 ho isa ho 0,47 ka 2018.
Litekanyetso tsa NDBI li bonts’itse
hore libaka tse hahiloeng bohareng ba
libaka tsa litoropo li na le litekanyetso
tse phahameng ka ho fetisisa tsa NDBI
(0.023-0.602). Mekhoa ea sebaka
sa nakoana ea LST e ne e amana le
liphetoho tse iponahalitseng ho LULC,
mme libaka tse hahiloeng li na le LSE e
phahameng ka ho fetisisa. LST (43° C)
e phahameng ka hofetisisa e bonoe ka
selemo sa 2018 sebakeng sa mantlha
sa toropo moo bongata ba meaho
bo neng bo le holimo ka ho fetesisa.
Phuputso e khothaletsa ts’ebeliso ea
litsela tsa maoto tse pholisitsoeng,
nts’etsopele ea botala le temo-bocha ea
meru ea litoropo bakeng sa nts’etsopele
e tsitsitseng.

1. INTRODUCTION

One of the resultant effects of urban
expansion and land use/land cover
change (LULC), the dominant factors
in regional landscape modification,

is global warming (Agbola, Kasim

& Coker, 2014: 46; Abegunde &
Oluwatola, 2015: 230-231). City
growth influences the micro-climate
(Quattrochi, Jedlovec & Meyer, 2012:
online). Rapid urbanization and
expansion of human settlements play
important roles in global LULC by
modifying the ecological processes
that influence the manifestation of
climate change at local, regional

and global scales (Oladele &
Oladimeji, 2011: 635; Kasim,
Abshare & Agbola, 2018: 807-808).
The warming of the climate system

is now unequivocal and, according
to the Intergovernmental Panel on
Climate Change (IPCC) (2007),

the increase in global temperature
observed from the mid-20™ century
is attributable to anthropogenic
activities, which include increased
rate of fossil fuel burning and LULCs.
Estimates for the 215t century
indicate an average increase in
global temperature ranging from
1.8°C to 4°C. The projection has
implications on city liveability,
especially in countries with low

capacity to cope with perturbations,
thereby compromising the already
stressed resilience components
(Kasim, Wahab & Olayide, 2020).

Cities can only be sustainable if the
life support ecosystems on which
they depend are resilient (Kasim,
2018: 958). However, observations
and analysis of global meteorological
data by the IPCC (2007) show that
the earth’s surface has warmed
significantly in the last century.
Although several drivers of climate
change have been identified,

human activities have significantly
contributed to elevated greenhouse
gases (GHG) emission. The GHG
trap heat in the atmosphere and alter
the energy dynamics and balance
of the climate system (IPCC, 2007;
Ramanathan & Carmichael, 2008:
223; Ramanathan & Feng, 2009:
48-49; Kasim et al., 2018: 806). A
range of human activities, including
deforestation to accommodate
urban expansion, have led to an
alteration of the energy balance.
These alterations are more profound
in cities and have found expression
in spatial variation in the land surface
temperature (LST), land surface
emissivity (LSE) and climate change
(Morabito, Crisci, Messeri, Orlandini,
Raschi, Maracchi & Munafo,

2016: 321-322). The phenomenon
termed LSE is conceptualized as
the average emission of heat from
an element influenced by multiple
factors such as impervious surfaces,
LULC, surface roughness, and the
physical planning characteristics of
a settlement (Aakriti & Ram, 2014:
120-121; Wahab & Agbola, 2017:
213; Wahab & Popoola, 2019: 172).

Ibadan city, one of the fastest growing
urban centres in Nigeria, in terms of
population and urban expansion, has
evolved without a discernible growth
or physical development pattern. It
has been documented that the city
expanded from roughly 100 ha in
1830 to 12km?in 1931, 112km?in
1973, 214km? in 1988, 243km? in
2000 and the present urban sprawl

is close to 300km? (Fabiyi, 2006: 63;
Agbola, 2013: 16; Agbola et al., 2014:
43-45). The observed development
without proactive physical planning

intervention creates an avenue

for illegal development, LULC and
LST. For example, the Nigerian
Meteorological Agency (NIMET)
(2018) predicts an increase in
temperature, especially in Nigerian
cities. As noted by Jin and Liang
(2006: 2867-2868), temperature is
an aftermath of LSE, which is the
ratio of energy emitted from the sun
in relation to the earth’s surface at
the same temperature. Emissivity

is the ability of a material to emit,
absorb or radiate heat from the

sun (Elert, 2018: online). Studies
on LULC and LST in developing
countries (Adelekan, 2012; Aakriti

& Ram, 2014: 126; Swades & Ziaul,
2017: 134; Zaharaddeen, Baba &
Ayuba, 2016: 36; Nzoiwu, Agulue,
Mbah & Igboanugo, 2017: 772-773)
have not paid much attention to

the nexus of LSE and increasing
urban temperature. In addition,
owing to the difficulty in obtaining
and scarcity of spatial data (Olomo,
2003: 39-40; Enaruvbe & Pontius
Jr, 2015: 252; Enaruvbe, 2018: 40),
implications of LULC, LST and the
effect of urban heat island on living
conditions and city resilience have
not been documented. Therefore, this
article examines the spatio-temporal
trend and nexus of LULC, LSE and
LST in Ibadan, Nigeria, adopting
climatological and Landsat data. The
article also examines the perception
of the residents on LULC and LST.

2. STUDY AREA

Ibadan city, in south-west Nigeria, is
located approximately on longitude
3°5’ to 4°36’ east of the Greenwich
Meridian, and latitude 7°23’ to 7°55’
north of the Equator. It covers an
area of approximately 3,200km?
(Figure 1). Ibadan is located at
roughly 145km north of Lagos. In the
early 1980s, the city had an aerial
extent of approximately 30,080km?,
with the metropolis covering

roughyl 250km? of the landmass
(Oladele & Oladimeji, 2011: 639).

The Ibadan region is made up of
five metropolitan (Ibadan North,
Ibadan South, Ibadan Northwest,
Ibadan Southwest and Ibadan
Northeast) and six rural/peri-urban
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LGAs (Akinyele, Oluyole, Egbeda,
Ido, Lagelu & Ona-Ara). In 1950, the
population of the city was 450,111
and the total population of the city
from the 2006 census was 2,550,593
with an average population density
of 828 persons per km? (National
Population Commission, 2006).

This census result was challenged
by the Oyo State Government,

owing to a perceived undercount.
According to the United Nations
Department of Economic and Social
Affairs Population Dynamics (2018:
online), the city’s 2020 population

is estimated at 3,551,961. In the
absence of proactive physical
planning strategy, this population
outlook has implications for LULC
and the capacity of decision makers
to respond to climate change impacts
and urban resilience to perturbations.

Ibadan’s climate is characterized by a
tropical wet and dry climate, with an
extended wet season and relatively
constant temperature all year round.
The wet season is from March to
October, with August experiencing

a break in rainfall, thereby dividing

the wet season into two different wet
seasons. The dry season is from
November to February when the
city is influenced by the typical West
African harmattan (Audu, Isikwue

& Eweh, 2015: 72). According to
Audu and Isikwue (2015: 62), the
albedo variations in Ibadan may

be due to the location of Ibadan

in the tropical rain forest, where

the mean albedo value obtained is
0.528, with maximum and minimum
albedo values of 0.645 and 0.364,
respectively. They also observed that
the albedo of Ibadan city is usually
very high in the rainy season, with
its highest value in August (0.641),
and low in the dry season, with its
lowest value at the onset of the dry
season and relatively low at the
transition from dry to rainy seasons.

3. RESEARCH
METHODOLOGY

This study adopts a mixed methods
research strategy where qualitative
and quantitative data are collected
in parallel, analysed separately, and
then merged (Creswell, 2014). It

also allows for descriptive statistical
analysis (Naoum, 2013: 104). In this
study, satellite imageries were used
to classify the land cover change and
emissivity in the years 2000, 2009
and 2018 in Ibadan by determining
LULC, NDVI, NDBI, LSE, LST and
the driver of LULC and LSE, using
meteorological data and Landsat
data. This approach was adopted in
the integrated design approach in
evaluating spatial patterns of land
surface temperature and urban heat
island for sustainable cities across
the globe (Skivington, 2012; Aakriti
& Ram, 2014; Zaharaddeen et al.,
2016; Folorunsho, Balogun, Adediji,
Olumide & Abdulkareem, 2017).

In addition, an integrated design
approach allows for complementary
roles, for example, while remotely
sensed images can show land
cover change, they do not clearly
show how land use choice and
decision-making influence LULC
outcomes (Messah & Kigige, 2011).
The questionnaire assessed
people’s perception (in all the local
government areas in the city) of

the changes in LULC and LST.
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3.1 Sampling and response rate

From a preliminary survey, a total of
373,184 residential buildings were
identified in the study area (Table 1).
Random sampling was used to select
373 of the residential buildings in
Ibadan. From the distribution, 373
household heads were selected

per residential building, using the
simple random sampling technique
(Alvi, 2016: 35). Primary data were
collected using questionnaires to
determine respondent profiles,

the effects (thermal comfort) and
perception of people on LULC and
LST. In addition, an observatory
checklist was used to ascertain

the types of landscape materials

in the respondents’ compound and
the type of building materials used.
The structured questionnaire was

administered on 373 households,
a 0.1% of the existing residential
buildings (373,184) distributed
across the 11 local government
areas in Ibadan. The sample size
for research done in construction-
related populations was calculated
in accordance with the table
recommended by Krejcie and Morgan
(1970: 608). All the questionnaires
administered were returned and
used for the analysis (Table 1).

3.2 Data collection

3.2.1 Satellite imagery

Remote sensing technology plays
a vital role in spatial analysis by
providing accurate and reliable
information that is cost effective
within a shorter time frame. The

Table 1:  Sample and response rate
Local . . .
Ibadan region | government bzr;:’;:tzlgln Sam;:)l.: ;: @ Responses Respc()?/ns)e rate
areas
Ibadan North 39,670 39.670 40 100
Ibadan
North-East 43,149 43.149 43 100
Ibadan 19,751 19.751 20 100
Ibadan urban North-West ’
Ibadan
South-East 34,692 34.692 35 100
Ibadan 36,330 36.330 36 100
South-West ’
Akinyele 35,349 35.349 35 100
Egbeda 47,133 47.133 47 100
Ibadan Ido 17,079 17.079 17 100
sub-urban Lagelu 24,672 24.672 25 100
OnaAra 43,468 43.468 43 100
Oluyole 31,891 31.891 32 100
Total 373,184 373.184 373
Table 2:  Bands and wavelength of each Landsat sensor

used to collect satellite imagery

Band Landsat 7 ETM + (2000-2009) Landsat 8 OLI/TIRS (2018)
designations
Coastal/Aerosol Band 1 0.43-0.45
Blue Band 1 0.45-0.52 Band 2 0.45-0.52
Green Band 2 0.52-0.60 Band 3 0.52-0.60
Panchromatic Band 8 0.52-0.90 Band 8 0.52-0.90
Red Band 3 0.63-0.69 Band 4 0.63-0.69
Near-Infrared Band 4 0.76-0.90 Band 5 0.76-0.90
Cirrus Band 9 1.36-1.38
ﬁ:g::’::e Band 5 1.55-1.75 Band 6 1.55-1.75
lsnr;g:;v:\ée Band 7 2.08-2.35 Band 7 2.08-2.35
Thermal Band 6 VCID 1 10.40-12.50 Band 10 T1 10.40-12.50
Thermal Band 6 VCID 2 Band 11 T1 11.50-12.51

Source: Landsat Project Science Office, 2018

technology also provides the
opportunity to update land use and
land cover information efficiently and
cheaply, in order to keep an inventory
and monitor changes (Hamzah,
2015). The multispectral imagery
used in this study was sourced from
the American Landsat satellite (EC,
2000). In this study, Landsat satellite
imageries for 2000, 2009 and 2018
were used to obtain land cover
categories for image classification,
LSE and surface temperature of
Ibadan city. Satellite imagery was
used to classify the land cover of
Ibadan city and extract information
for LSE and LST (Table 2). The
pre-processing procedures to correct
for geometric and radiometric errors
as well as calibration of the images to
per cent reflectance were undertaken
on the images. The selected images
were geo-referenced in the Universal
Transverse Mercator (UTM)
coordinate system and rectified to
correspond to the World Geodetic
System (WGS) 1984 UTM Zone 32N.

Google Earth™ combines Google
Search with satellite imagery, maps,
terrain and 3D buildings to make
the world locational and geographic
information available (Brovelli,
Minghini & Valentini, 2011). Google
Earth™ has the capacity to display
satellite images of varying resolution
of at least 15 meters of resolution of
the Earth’s surface, allowing users
to visualize cities and structure
(houses) therein perpendicularly or
at an oblique angle, with perspective.
Owing to this capacity, it was used
to clearly view land cover categories
in order to validate the LULC
analysis outcomes across the local
government areas of the city.

3.2.2 Land surface temperature
and emissivity

The derivation of LST is a multistep
method that entails conversion of
the Digital Number (DN) to Spectral
Radiance, conversion of spectral
radiance to satellite brightness
temperature, LST extraction and
conversion of LST from Kelvin to
degree celsius. These methods

are quite different for each sensor,
that is Landsat 7 and 8 (Landsat
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Project Science Office 2002). The
Landsat 7 TM thermal band 6 VCID
1 (10.40-12.50um), Band 6 VCID

2 and Landsat 8 OLI thermal band
10 (10.60-11.19um) and Band 11
(11.50-12.51um) are suitable for
capturing the multifaceted intra-
urban temperature differences and
analysis (Landsat Project Science
Office 2002). Landsat 7 TM sensor
images in the thermal band were
taken twice: one in the low-gain
mode (Band 6 VCID 1) and the
other in the high-gain mode (Band 6
VCID 2). In addition, Landsat 8 OLI
thermal bands were taken twice:
one in the low-gain mode (Band 10)
and the other in the high-gain mode
(Band 11). However, the uniformly
resampled Landsat thermal bands
used to carry out the thermal
analysis for the three different
periods (2000, 2009, and 2018)
were based on the following steps:

a. Conversion of the DN
to spectral reflectance
(pA) Equation 1

b. Sun Angle Correction
Equation 2

c. Conversion of the DN
to spectral radiance

(LA) Equation 3

d. Conversion of spectral radiance
(LA) to satellite brightness
temperature (celsius)

Equation 4

e. Normalized Difference
Vegetation Index (NDVI)

Equation 5
f.  Proportion of Vegetation

Equation 6
g. Normalized Difference Built-Up

Index (NDBI)

Equation 7
h. LSE

Equation 8
i. LST

Equation 9
j. Change percentage

Equation 10

k. Accuracy assessment
Equations 11 & 12

i.  Conversion of the DN to spectral
reflectance (p,): Spectral

reflectance is the brightness of
a surface in different regions of
the electromagnetic spectrum;
the spectral reflectance of

an object depends on the
particular material and its
physical and chemical state;

the surface roughness, and

the geometric circumstance
(Glass 2013). It is expressed as:

pA = MQQCal + AQ Equation 1

Where:
p, = Spectral Reflectance

M, = Band Specific Reflectance
Multiplicative Rescaling Factor

from the Metadata File

A, = Band Specific Reflectance
Additive Rescaling Factor
from the Metadata File

Q.= Quantified and Calibrated
Standard Product Pixel Values (DN)

ii. The sun angle correction is a
form of radiometric correction.
When a sensor from a satellite
observes an emitted energy,
the observed energy does
not coincide with the energy
emitted or reflected from the
same object observed from a
short distance, owing to the
sun’s azimuth and elevations,
and the atmospheric conditions
such as fogs or aerosols. In
order to obtain the real radiance
or reflectance, the radiometric
correction for sun angle has to
be done. This is expressed as:

) PA
Sun Angle Correction: Sm

Equation 2

Where:
pA = Spectral reflectance

Sun Elevation = as contained in
the metadata file for 2000, 2009
and 2018 Landsat imageries.

iii. Conversion of the DN to spectral
radiance (L,). Every object emits
thermal electromagnetic energy,
because the temperature of
any object is above absolute

zero (K). Following this
principle, the signals received
by the thermal sensors from
Landsat satellite imagery were
converted to sensor radiance
(Landsat Project Science
Office 2002). The conversion
was done, using equation 3:

LA=MLQCal + AL
Where:

Equation 3

LA = Spectral Radiance

M, = Band Specific Radiance
Multiplicative Rescaling Factor
from the Metadata File

A, = Band Specific Radiance
Additive Rescaling Factor
from the Metadata File

Q,,, = Quantified and Calibrated
Standard Product Pixel Values (DN)

iv. Conversion of spectral radiance
(LA) to satellite brightness
temperatures (in celsius).
Corrections for emissivity
were applied to the radiant
temperatures, according to
the nature of land cover. In
general, vegetated areas are
given a value of 0.95 and
non-vegetated areas 0.92
(Tarawally, Xu, Hou & Mushore,
2018). It is expressed as:

K2
T= K2 -272.15
In(LA + 1)
Equation 4

Where:
T = At Satellite Temperature (°C)
L, = Spectral Radiance

K, = Band Specific Thermal
Conversion Constant from
the Metadata File

K, = Band Specific Thermal
Conversion Constant from
the Metadata File

272.15 = Constant for conversion
from Kelvin to Celsius

v. Normalized Difference
Vegetation Index (NDVI) is an
important indicator of vegetation
condition, stress and greenness
or biomass. The values of NDVI
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range between -1 to +1, where
higher values indicate healthy
vegetation cover and negative
values represent land surface
devoid of vegetation cover such
as built-up areas and water
bodies (Lo & Quattrochi, 2003:
77-79; Yuan & Bauer, 2007: 381-
383). However, to get the best
results from the combination of
the NIR and RED bands, certain
corrections are needed (Bruce

& Hilbert, 2006). The bands
were first converted to spectral
radiance and the sun angle
corrected. The NDVI in a Landsat
satellite image is generated from
the red (3) and near-infrared
(4") bands and it appropriately
represents the coverage and
condition of vegetation (Aakriti

& Ram, 2014). The NDVI, a
widely used vegetation index,
was calculated using equation 5:

NIRum - Redum
NDVI= NiRum + Redum

Equation 5

The NDVI was computed for
2000 and 2009 from bands
3 and 4 reflectance data,
while it was computed from
bands 4 and 5 for 2018.

vi. Estimation of Proportion of
Vegetation represents the
exposed proportion of green,
non-green, and bare cover
within each pixel. It is important
for the estimation of land
surface conditions such as
soil erosion, and for assessing
the impact of human activities
(TERN, 2017: online). It is
expressed in equation 6:

2

Py = NDVI - NDVImin
NDVImax - NDVImin

Equation 6

Where
Pv = Proportion of Vegetation
NDVI = DN value for a specific year

NDVImin = Minimum NDVI
value for a specific year

NDVImax = maximum NDVI
value for a specific year

vii. Derivation of Normalized
Difference Built Index (NDBI).
The NDBI image was computed
for 2000 and 2009 from the
bands 4 and 5 reflectance data
while bands 5, 6, 10 and 11
were computed for 2018. It was
calculated using equation 7:

_ NIRum - Redum
NDVI'= NiRum + Redum

Equation 7

viii. Derivation of Land Surface
Emissivity (LSE). Satellite-
sensed thermal infrared (TIR)
data is the major source for
estimating surface emissivity for
a region. The estimated surface
emissivity is derived from fine
spatial resolution satellite data
such as Landsat image TIR
bands (Yang, 2003). Corrections
for spectral emissivity are
necessary and were done
according to the nature of
land cover, after deriving
the Normalized Differences
Vegetation Index (NDVI) and
Normalized Differences Built-
Up Index (NDBI) values for
each satellite imagery pixel,
as shown in equation 8.

€=(0.004 * Pv) + 0.986
Equation 8

Where:

€ = Emissivity Value

0.0004 and 0.986 = Constant Values
Pv = Proportion of Vegetation

The land surface emissivity was
retrieved using the Normalized
Difference Vegetation Index (NDVI)
threshold method (Tarawally et al.,
2018). According to the method,
when NDVI <0.2, the pixels are
considered as bare lands and the
emissivity was retrieved from the red
spectral region. When NDVI >0.5,
the pixels are considered to be

full vegetation coverage and the
emissivity value is assumed to be
0.99. When NDVI ranges between
0.2 and 0.5, the pixels are considered
to be a mixture of soil and vegetation
(Tarawally et al., 2018). Equation

8 was used to estimate Land

Surface Emissivity. Table 3 presents
reference values of emissivity for
some materials that are peculiar to
the land cover classes for the study.

ix. Derivation of Land Surface
Temperature (LST). This is the
radiative temperature of the
land surface as measured in the
direction of the remote sensor.
It is estimated from atmosphere
brightness temperatures,
using the infrared spectral
channels of the satellites. This
is done by using equation 9:

BT
LST= " BT)
1+ P Jsne
Equation 9
Where

LST = Land Surface
Temperature (0°C)

BT = At Satellite Temperature
o= h—sc (1.438 * 102 mk)

h = Planck’s constant (6.626 * 10-3*Js)
¢ = Velocity of Light (2.998 * 108 m/s)

s = Boltzmann’s Constant
(1.38 x 1022J/k)

3.3 Data analysis

The Statistical Package for the
Social Sciences (SPSS) version 25
and Microsoft Excel were used to
analyse the aspatial data, in order to
determine and report the frequency
and percentage of respondents’
profile such as gender, age, level

of education, monthly income,

and duration of residency in the
community. Residents’ perception of
LULC, causes of land use change
and dominant environmental
condition that had changed were
also measured and reported in terms
of frequencies and/or percentages.
An observation checklist was used
to document types and colour of
roofing materials, type of material
used for building walls, and
landscaping materials. The results
were also presented in the form of
frequencies and/or percentages.
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Spatial data were analysed, using
ArcGIS 10.0. This was used for
overlay operations where maps
generated were superimposed on
one another and the percentage
change and trend between 2000 and
2018 was identified. The percentage
change for each year was measured
against each land use land cover
type and the formula is expressed as:

Percentage Change =| Observed Change |y 100
Sum of Change

Equation 10
The accuracy measurement of
how many ground truth pixels
were classified correctly was
done, because no map is a perfect

representation of reality (Hamzah
2015). There are always errors

in maps and there is a need to
assess the level of accuracy. The
result of an accuracy assessment
provides an overall accuracy of
the map based on the average

of the accuracies for each class
in the map. It is expressed as:

Number of Pixels Correctly classified

Overall Accuracy =
Y Total Number of Pixel

Equation 11

Kappa is used to measure the
agreement or accuracy between the
remote sensing derived classification
map and the reference data as
indicated by the major diagonals

Table 3:  Land Surface Emissivity (LSE) estimation for some materials
Land cover class Materials E
Asphalt (paving) 0.97
Brick (red-rough) 0.93
Brick (silica-unglazed rough) 0.80
Concrete 0.94
Copper (plate heavily oxidized) 0.78
Glass (smooth) 0.94
Granite (polished) 0.85
Marble (light grey polished) 0.93
Built up Plaster (white) 0.91
Plywood 0.96
Wood (freshly planed) 0.90
Paint 0.94
Tile (floor, glazed) 0.94
P.V.C. 0.92
Mortar 0.87
Gravel 0.28
Cement 0.54
Water body Water 0.95
Grass/Shrub land and dense vegetation Vegetation 0.96
Source: Jin & Liang (2006) and ThermoWorks (2019)
Table 4:  Respondents profile (N=373)
Category Items F %
Male 224 60.0
Gender Female 149 40.0
19-29 40 10.7
Age 30-39 145 38.9
40-49 61 16.4
50+ 127 341
None 2 0.5
. Primary 16 4.3
Education Secondary 126 33.8
Tertiary 229 61.3
<18,000 8 21
18,000-30,000 75 20.1
Monthly Income (N) 30,001-60,000 82 22.0
60,001-90,000 87 23.3
90,001-120,000 54 14.5
120,001 and above 67 17.9
<year-9 262 70.2
Duration of stay 10-19 68 28.2
20+ 43 11.6

and the chance agreement, which
is indicated by the row and column
totals (Im & Jensen, 2005: 328-
331). Producer’s accuracy is the
total number of correct pixels in a
category that is divided by the total
number of pixels of that category,
as derived from the reference data
(Im & Jensen, 2005). The kappa
factor is given by the formula:

{NZ_xii - 27 (xi + *x +i)}

K= INe s e oxHi)

Equation 12

Which is interpreted as:

{(Total * Sum of Correct) - Sum of all the (Row Total * Column Total)}
{Total Squared - Sum of all the (Row Total * Column Total)}

The average overall accuracy and
kappa coefficient of the Landsat
imageries obtained for 2000, 2009
and 2018 for Ibadan City were
0.967% and 0.951%, respectively.
This validated the suitability of data
for the analyses in the study.

4. RESULTS

4.1 Questionnaire

Table 4 shows the demographic
profile of respondents. The vast
majority (60.0%) of the respondents
were male. Approximately 11.0% of
them were within the age bracket of
19-29 years; 38.9% were aged 30-39
years, and 50.5% of the respondents
were aged 40 years and above.

In terms of level of education, the
vast majority (61.3%) had tertiary
education certificates; 33.8% had
secondary school certificates, while
primary education and no formal
education were represented by
4.3% and 0.5%, respectively.

The modal income class for the
respondents was N60,001-890,000
accounting for 23.3%. Income group
of between N30,001 and N60,000
were represented by 22.0%; those
who fell within income group of
N18,000-N30,000 were 20.1%, and
N90,001-N120,000 were 13.9%.
Those who earned less than
N18,000 per month were 2.1%,

and 17.9% had monthly income
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of N120,000 and above. The vast
majority (70.2%) of the respondents
had been residing in their current
residences for between 1 and 9
years; 28.2% of the respondents

had been in the neighbourhoods

for 10-19 years, and 11.5% of the
respondents had been residing in the
present locations for over 20 years.

As shown in Table 5, almost three

quarters of the respondents indicated

that land use had not changed in
their neighbourhoods, while 26.8%
submitted that the land use had

changed. The response on land use

change could be a function of the
individual’s location within the city
scape. It may also be a reflection

Table 5:  Details of land use change by respondents (N=373)
Category Variable F %
Land use change It has changed 100 26.8
It has not changed 273 73.2
Agricultural-Residential 69 69.0
Commercial-Residential 5 5.0
Residential-Commercial 4 4.0
Industrial-Residential 3 3.0
Agricultural-Commercial 2 2.0
Agricultural-Recreational 2 2.0
Commercial-Religious 2 2.0
Residential-Religious 2 2.0
Prominent land use change and Educational-Agricultural 1 1.0
drivers Infrastructure/Service-Agricultural 1 1.0
Residential-Recreational 1 1.0
Commercial-Recreational 1 1.0
Recreational-Residential 1 1.0
Agricultural-Educational 1 1.0
Recreational-Educational 1 1.0
Residential-Educational 1 1.0
Recreational-Institutional 1 1.0
Commercial-Institutional 1 1.0
Agricultural-Religious 1 1.0
Table 6:  Perception of causes of land use change (N=373)
Causes F %
Housing and population growth 160 51.0%
Road construction and expansion 74 23.1%
Commercial activities 73 22.8%
Agricultural activities 5 1.6%
Flood and erosion 4 1.2%
Others 4 1.2%
Table 7:  Perception of environmental change, temperature
increase and reflectance materials(N=373)
Category Variable F %
Change in environment Changed 329 882
Not changed 44 11.8
Temperature increase 277 61.8
Temperature decrease 16 3.6
Issues that have changed Deforestation o1 203
Flooding 64 14.3
Type of roofing materials used Aluminium 326 874
Stone-coated 47 12.6
Silver and white 47 12.6
Brown 228 61.1
Red 77 20.6
) . Green 24 6.4
Colour of roofing material Blue 18 48
Black 16 4.3
Beige 6 1.6
Yellow 2 0.5
Sandcrete 288 77.2
Type of building block used Brick 81 21.7
Mud 4 1.1
Hardscape 172 46.1
Landscape material used Softscape 146 39.1
Softscape and hardscape 55 14.8

of the duration of occupancy in

the localities, as the vast majority
(70.2%) of the respondents had
been residing within their location
for over ten years, as shown in
Table 4. Owing to the respondents’
location, the perception of land use
change varies across the Ibadan
regions, although approximately
70% of the respondents reported
that the predominant land use
change is conversion of agricultural
land to residential development.

Table 6 lists some of the major
causes of land use change, as
identified by the respondents. The
most significant accounting for more
than half of the submission was
provision of housing to the growing
population (51.0%). Other causal
factors were road construction and
expansion of the existing ones
(23.1%) and commercial activities
(22.8%). Approximately 2.0% of the
respondents identified agricultural
activities as driver; 1.2% pointed

to flooding and erosion, while
others, including waste disposal,
bush burning and abandoned
projects, accounted for 1.2%.

As shown in Table 7, the vast
majority (88.2%) of the respondents
affirmed that the environment has
changed. The major issues that
have changed, as submitted by the
respondents, included temperature
increase and decrease, represented
by 61.8% and 3.6%, respectively.
Other environmental issues

were deforestation and flooding,
accounting for 20.3% and 14.3%,
respectively. Albedo, the rate of
reflection of sun energy into the
atmosphere, is a function of surface
material. As shown in Table 7, the
aluminium component, represented
by 87.4%, constituted the main
roofing material, while stone-coated
materials accounted for 12.6%.

In terms of the colour of roofing
materials, shining surfaces such as
silver accounted for 61.1% of the
buildings sampled and dark surfaces
of various shades represented
38.9%. The building materials

used for construction show that
sandcrete was dominant and the
major landscaping materials were
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hardscape, especially concrete.
All these have implications on
the surface temperature of the
environment, as will be shown
in subsequent sections.

4.2 Normalized Difference
Vegetation Index

The Normalized Difference
Vegetation Index (NDVI) estimation
for the year 2000 value was higher
in the semi-urban local government
areas (LGA) of the city. This could
be attributed to the concentration of
vegetation in the semi-urban LGA

in year 2000. Figure 3 presents

the names of communities in the
suburban LGAs with high NDVI
values. These were Moniya (Akinyele
LGA), Agudu, Alufa and Odo-Oba
(Egbeda LGA), Saliu, Igbona,
Elewe, Idiamu, Idi-Aya, Aba-Ada,
Ogbontosan and Ajibode (Ido LGA)
Elesu and Akobo (Lagelu LGA),
Araromi, Awise, Akanran, Abu-Kuye,
and Arinokuta (Ona-Ara LGA) and
Ogunmakin, Kaka, Onigambari,
Ake, Ajao and Olujudoro (Oluyole
LGA). All the listed communities,

as obtained from the questionnaire
administered and interviews
conducted, were rustic in year 2000.

It was also estimated that the NDVI
value was higher in the semi-urban
local government areas (LGA) in

the year 2009, but the number of
communities in each rural LGA with
high NDVI values declined in 2009
when compared with year 2000.
Figure 3 reveals the communities

in the LGAs with high NDVI values
to include Opawole (Akinyele LGA),
Saliu, Idi-Aya, Aba-Ada, Ogbontosan
and Ajibode (Ido LGA), Akanran, Abu-
Kuye, Awise, Araromi and Olujuduro
(Ona-Ara LGA) and Onigambari,
Onipe and Idi Ayunre (Oluyole LGA).
The NDVI values in year 2018
reduced significantly and very few
communities had dense vegetation.
It was estimated that the NDVI value
was higher in the semi-urban local
government areas (LGAs) in the year
2018. In Ido LGA, the communities
with high value NDVI were Idi-Aya
and Ogbontosan; in Ona-Ara LGA,
the communities were Akanran,
Araromi, Awise and Olujuduro.
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Source:

The nexus of 2000, 2009 and 2018
NDVI estimations is presented in
Table 8. Theoretically, NDVI values
are represented as a ratio ranging
in value from -1 to +1. However, in

NDVI estimation for years 2000, 2009 and 2018
Extracted from Landsat Imageries 2000, 2009 and 2018

practice, extreme negative values
represent water, values around
zero represent bare soil and values
close to one represent dense green
vegetation (Babalola & Akinsanola,

79



SSB/TRP/MDM 2020 (77)

2016). Figure 3 shows the spatial
distribution of NDVI in the city for
the years 2000, 2009 and 2018.
Visual inspection ascertained the
differences of each NDVI. The
highest degree of difference was
observed in 2000, with the majority of
NDVI values appearing to be below
0. Table 8 indicates the high and
low NDVI values for the years 2000,
2009 and 2018. For the years 2000
and 2009, the NDVI value showed
that the condition of the vegetation
tended towards +0.5, which was an
indicator of healthy vegetation. In

2018, the increased concentration
of built-up areas placed a demand
on vegetation cover; thus, the NDVI
value for the year decreased.

4.3 Proportion of vegetation

Figure 4 represents the exposed
proportion of green, non-green,
and bare cover within each pixel
for Landsat Satellite imageries for
the years 2000, 2009 and 2018.
The formula used in calculating
the proportion of vegetation was
expressed in Equation 6. The

Table 8:  NDVI values for the years 2000, 2009 and 2018
NDVI values
Year
Low High Mean

2000 -0.0204446 0.436513 0.208034
2009 0.0365825 0.580479 0.308531
2018 0.0404277 0.479767 0.260097
Source: Extracted from Landsat Imageries 2000, 2009 and 2018

2000-2009

Percentage Increase/Decrease

Grass/Shrub
Land/Open Space

[] 22,9 -49.0

2009-2018

30.0

20.0

10.0

-10.0

-30.0

Percentage Invcrease/Decrease

-400 Grass/Shrub

Land/Open Space
[ 23 -33.9

Dense Vegetation

Dense Vegetation

Water Body Built Up
69.4 33.3
Class
Water Body Built Up
24.9 14.0

Class

Figure 4: Proportion of vegetation increase/decrease between
the years 2000-2009 and 2009-2018

Source:

Extracted from Landsat imageries 2000, 2009 and 2018

outcomes were further used to
analyse the Normalized Difference
Built-Up Index (NDBI).

4.4 Normalized Difference Built-
Up Index

The Normalized Difference Built-Up
Index (NDBI) is also considered

an important factor and indicator

of land surface emissivity and
temperature (Grover & Singh, 2015:
135-137). Xiong, Huang, Chen,

Ye, Wang and Zhu (2012) observe
that high temperature anomalies

are closely associated with built-up
land, densely populated zones, and
heavily industrialised districts. NDBI
is sensitive to built-up land, and its
values also range between -1 to +1;
positive values represent highly built-
up land and negative values indicate
other types of land cover (Chen,
Zhao, Li & Yin, 2006). Equation 7 is
applied for estimating NDBI (Chen
et al., 2006; Xu, 2007). Figure 5
depicts the extracted NDBI classes
indicating intensity and spatial
pattern of built-up and impervious
land area for the year 2000. The
minimum and maximum NDBI values
were 0.351 and 0.531, respectively.
However, in the city, especially in
the core area, except for the water
body areas, very high NDBI values
(0.061 to 0.531) were recorded.

The extracted intensity and spatial
pattern of the built-up area and
impervious land area for the year
2009 minimum and maximum NDBI
values were -0.434 and 0.750,
respectively. The concentration

of built-up area in the core of the
city has the highest NDBI values
(0.025 to 0.750), which includes
Ibadan North, Ibadan North-East,
Ibadan North-West, Ibadan South-
East and Ibadan South-West.
However, high NDBI values were
recorded in various parts of Ibadan
suburban areas as the town and
neighbourhoods spread from the
urban areas into the suburban areas.
The areas covered with vegetation
possessed negative NDBI values
ranging from -0.434 to -0.281. The
minimum and maximum NDBI values
for the built-up area and impervious
land areas for the year 2018 were
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-0.364 and 0.602, respectively. The
concentration of built-up area in the
core have the highest NDBI values,
ranging between 0.023 and 0.602,
which includes Ibadan North, Ibadan
North-East, Ibadan North-West,
Ibadan South-East and Ibadan

200000.0
150000.0
7] 100000.0
g
< 50000.0
0.0 Year 2000
= Area Concentration (Acres) 59375.3

South-West. High NDBI values were
also recorded in various parts of
Ibadan’s suburban areas as the town
and neighbourhoods spread from the
urban areas into the suburban areas.
The areas covered with vegetation

Year 2009
91200.0

Year 2018
153701.9

Figure 5: Concentration of buildings and impervious
surface in the years 2000, 2009 and 2018
Source:  Extracted from Landsat imageries 2000, 2009 and 2018
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Figure 7: Land Surface Emissivity value for land

cover classes in the year 2018

Source:

Extracted from Landsat imageries for 2000, 2009 and 2018

possess negative NDBI values
ranging between -0.364 and -0.190.

The nexus of 2000, 2009 and

2018 NDBI estimations captured

in Figure 5 shows the relationship
in the concentration of buildings
and impervious surfaces across
the years 2000, 2009 and 2018
values. The estimation indicated
that, between 2000 and 2009, the
area of concentration of impervious
surface increased by approximately
31,877 acres and, between 2009
and 2018, it further increased by
approximately 62,518 acres.

4.5 Estimation of land surface
emissivity

The dense vegetation and grass/
shrub lands, as shown in Figure 6
for the year 2000 had the lowest
minimum 0.9860 and 0.9862, while
the maximum emissivity values
were 0.9862 and 0.9863. This was
an indication that vegetated canopy
intercepts incoming short-wave
solar energy. Solar heating of the
earth’s surface is uneven, because
land absorbs heat faster than water,
causing air to warm, expand and
rise over land while it cools and
sinks over the cooler water surfaces
(National Oceanic and Atmospheric
2017). This explains the mean
emissivity value for water in the
year 2000 (0.9863). Surfaces that
are perpendicular to the sun’s ray
path without any obstruction from
buildings and canopy cover also emit
high heat waves (National Oceanic
and Atmospheric, 2017). This further
explains the emissivity value for

the year 2000, which is 0.9864.

In 2009, the vegetated area had

the lowest mean emissivity values
of 0.9861 and 0.9862. The mean
emissivity value for water and open
space in the year 2009 were 0.9864
and 0.9865, respectively, and that
of the built-up area in the year 2009
was 0.9867. In the year 2018, the
vegetated area had the lowest
maximum and minimum emissivity
values of 0.9860 and 0.9861,
respectively. The mean emissivity
value for water and open space in the
year 2000 were 0.9861 and 0.9862,
respectively. The mean emissivity
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Figure 8:
Source:

Land Surface Temperature 2000, 2009 and 2018
Extracted from Landsat imageries, 2000, 2009 and 2018

value for the built-up area in the year
2018 was 0.9864. This was slightly
lower than the values for the years
2000 and 2009, but higher than the
values for other types of land use for
the year 2018, as shown in Figure 6.

Figure 7 presents the nexus of 2000,
2009 and 2018 LSE estimations

of spatial distribution of surface
emissivity values, using the NDVI
threshold method. The average
LSE value for the years 2000, 2009
and 2018 revealed that the NDVI
mean values for dense vegetation,
grass/shrub land/open space,
water body and built-up area were
0.9860, 0.9861, 0.9862 and 0.9864,
respectively. The NDVI value
indicated that the year 2000 had a
reduced maximum value compared
to other analysed years. This was

a reflection that materials that

could absorb solar radiation and
convert it to internal energy were
available, especially in the form of
vegetation cover. In the year 2018,
the minimum value ranged between
0.0404277 and -0.479767, indicating
a depletion in absorbency materials.

4.6 Land Surface Temperature
estimation

The mathematical algorithm in
equation 9 was used to estimate the
land surface temperature (LST). The
mean estimated dry bulb temperature
for Ibadan city obtained from the
Nigerian Meteorological Agency

for the years 2000, 2009 and 2018
were 27.2°C, 27.4°C and 27.5°C,
respectively. At the micro-level of the
analysis, Figure 8 shows the LST
values for each of the classes of land
use for the years 2000, 2009 and
2018. In the year 2000, the dense
vegetation (22.5°C) and grass/shrub
land/open space (24.5°C) indicated
that surface temperature decreased
towards the periphery and was
directly related to land use and land
cover types. From the analyses,
waterbody, with relatively high heat
storage and transfer capacity, had a
mean surface temperature of 26°C.
The highest temperature, 33.5°C,
was recorded in the core area of

the city where the built-up area was
concentrated. The outcome was
influenced by multiple factors such as
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impervious surface, LULC, surface
roughness, and materials used for
construction (Aakriti & Ram, 2014).
The lowest surface temperature
recorded for the year 2000 was
21°C, while the highest was 39°C.

The visual representation and values
of LST for each of the classes of land
use in 2009 indicate that surface
temperature for dense vegetation
was 21°C and for grass/shrub land,
23°C. The water body mean surface
temperature was recorded at 24.5°C.
The highest temperature (37°C)

was recorded in the core area of
Ibadan. However, in some pockets
of areas/locations, the LST value
was also recorded as 37°C. The
lowest surface temperature value

for the year 2009 was 20°C and

the highest was 47°C. In 2018, as
shown in Figure 8, dense vegetation
and grass/shrub land/open space
had a mean surface temperature of
21°C and 26°C, respectively. Water
body mean surface temperature

was 28°C. The highest temperature
(43°C) was recorded in the core
area of Ibadan. The lowest surface
temperature for the year 2018 was
17°C, while the highest was 55°C.

The nexus of the 2000, 2009 and
2018 LST estimations, as shown
in Figure 9, indicate that surface
temperature increased from year
2000 to 2018. This is attributable
to human activities that change
the natural composition of the
land cover in the city. Therefore,
construction materials used such

as impervious concrete, asphalt

and building materials; LULC and
surface roughness from the built-up
areas contributed to the increase in
temperature of Ibadan’s urban areas.

5. DISCUSSION

Among the pertinent issues in
urban centres is the increasing in
temperature of the land surface,
owing to changes in land use and
land cover, particularly the conversion
of pervious surfaces to impervious
surfaces This study analysed the
spatio-temporal trend and nexus of
LULC change and emissivity in the
years 2000, 2009 and 2018. The
goal was to determine LULC, NDVI,
NDBI, LSE, LST and the driver of
LULC and LSE in Ibadan, using
meteorological data and Landsat
data. This study also examined the
perception of the people (in all the
local government areas in the city)
on the changes of LULC and LST.

The increased temperature
associated with land surface
emissivity have been documented as
having major negative environmental
impacts, not only on urban
environments, but also on rural
areas, by contributing to climate
change (Arrau & Pena, 2010: online;
Kasim et al., 2018: 806; NIMET,
2018). Data obtained from NIMET
documented the mean dry bulb
temperature for the city in the years
2000, 2009 and 2018 to be 27.2°C,
27.4°C and 27.5°C, respectively. The
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increase in temperature, as evident
in residents’ response, remains

an environmental challenge that
affects the inhabitants of the city.
This corroborates the findings of
Aizebeokhai (2009: 875-876) who
reports that the earth’s surface has
warmed significantly in the last
century. The increase in temperature
in Ibadan city has placed a demand
on energy consumption by using
air-conditioning systems to cope with
the harsh environmental condition
(Kasim et al., 2018: 809). This has
implications for the limited energy
capacity of the country that manifests
in incessant electrical power
outages that aggravates the heat-
induced discomfort. As observed by
Popoola and Alli (2015: 85) thermal
discomfort in Ibadan has been
attributed to the effect of the increase
in temperature that manifests in
headache, high body temperature,
and excessive sweating.

According to Abegunde and
Oluwatobi (2015: 245-246), increase
in temperature is one of the resultant
effects of changes in land use land
cover. As vital as this information

is, the vast majority (62.2%) of the
respondents were unaware of the
implications of land use change on
the environment. This outcome can
be changed with effective public
awareness programmes, using the
available mass media. However,
Arimah and Adeagbo (2000: 293)
observe that most often, the issue

is not simply about households not
being aware of the implications of
land use change in their environment,
but about the compliance of
households to planning regulations
to avert the adverse environmental
implications of land use changes.
Studies by Agbola and Agbola (1997:
140-141); Jalili, (2013); Agbola

et al., (2014: 45), and Guyassa,
Frankl, Lanckriet, Biadgilgn, Zenebe,
Zenebe, et al. (2018: 1538-1539)
reported that the fastest and
common land use conversion is
from agricultural to residential land
use. This is corroborated by the
findings of this study. Other drives

of land use conversions were
commercial, industrial, recreational,
and religious activities. Population
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growth and residential land use,
income generation activities, and
road construction are some of the
pertinent issues in the conversion
of vegetated surface to impervious
surface (Mallick, Kant & Bharath,
2008: 137; Quattrochi et al., 2012).

Construction materials with high
albedo content used, especially in
the city in the conversion of land uses
particularly from dense vegetation
land use and grass/shrub land/

open space land use to built-up land
use include building, roofing, and
landscaping materials. Findings from
the survey revealed that the vast
majority of the respondents used
concrete blocks in the construction
of buildings. According to Shaik,
Gorantla and Setty (2016: 499-501),
concrete blocks have the best
potential for heat resistivity. It was
also revealed that the prominent
roofing material was aluminium.
Adewale (2017: online) reports that
an aluminium roof has the highest
thermal absorptivity when compared
to stone-coated roofing sheet. The
colour of a roof also contributes to
temperature increase or decrease

in an environment. Peters, Victor
and Sanya (2017: 92) attest to this,
stating that black colours absorb light,
whereas white colours reflect light.
However, observations showed that
most (52.0%) of the roof colour in the
study area is silver, while 20.6% of
the respondents’ roof colour is brown.

Landscaping material used in an
environment has the capacity to
influence the thermal environment
positively or negatively (Bukola,
2011). Observations from the
survey revealed that hardscape
elements are predominantly used
as landscaping materials, while
softscape such as trees, shrubs
and flowers are scarcely used. The
adoption of softscape, also known
as cool pavements, has a renowned
ability to effectively reflect light and
heat via the albedo effect, directly
reducing heat gain by reflecting the
sun’s energy into the atmosphere
and preventing direct absorption of
the energy by the buildings (Global
Cool Cities Alliance, 2011: online).
Olaleye, Abiodun and Asonibare

(20120: 194-195) observe that land
use and land cover dynamics revolve
around two questions, notably the
causes and the impacts of land use
changes and emissivity. However,
determining the drivers of land use
land cover dynamics and emissivity
is not clear as they are debatable.
But it is agreed that the two main
categories of such agents of change
are bio-physical and socio-economic
(Mengistu & Salami, 2007: 107). The
bio-physical drivers include geo-

processes such as climatic variations.

The socio-economic drivers comprise
economic, political and institutional
factors and technological change
related to land use, which varies
over space with time (Olaleye et

al., 2009: 195). In the study, one of
the major drivers of LULC is human
activities in the form of uncontrolled
urban expansion. To strengthen
Ibadan’s resilience capacity, the
need to adopt physical planning
interventions becomes imperative.
This should be the adoption of urban
consolidation to address the sprawl
and enforcement of physical planning
provisions on buildable space within
a given plot size. For example,

as stated in the Oyo state space
standards, roughly 55% of a plot
area should be for erecting buildings,
while the remaining land should be
dedicated to softscape such as cool
pavements, green development,

and urban forest regeneration.

It has been documented that
changes in land use land cover
cause other environmental issues
such as deforestation and flooding
(Jha, 2011; Pravitasari, 2015).

For example, perennial flooding
occurences in the city have been
attributed to LULC change and
reduction in pervious surfaces, owing
to urban expansion and the adoption
of hardscale elements, leading to
reduction in rainfall percolation and
increasing run-off (Agbola, Ajayi,
Taiwo & Wahab, 2012: 213-215;
Adewole et al., 2015: 200). From the
spatial data and Landsat imageries
for the years 2000, 2009 and 2018,
the built-up area’s land cover and
water body, land cover has been on
the increase, while dense vegetation
was found to be decreasing. The

impervious land cover which was on
the increase was attributed to the
increase in human activities such as
construction of buildings, roads and
infrastructure, which also resulted

in a loss of approximately 41.8%
(1337km?) of dense vegetation. The
visual inspection of the differences of
each NDVI revealed the high values
that were observed in the year 2000
in communities in the rural LGAs
(Akinyele, Egbeda, Ido, Lagelu,
Ona-Ara & Oluyole) while low values
were obtained in urban LGAs of

the city. In the year 2018, the NDVI
values showed that the condition

of the vegetation tends towards
+0.5, an indication of decreasing
vegetation cover in the rural LGAs
such as Ido and Ona-Ara. In addition,
the NDBI values revealed that the
concentration of built-up area in the
core area of the city had the highest
NDBI (0.023-0.602). The core areas
are Ibadan North, Ibadan North-
East, Ibadan North-West, Ibadan
South-East, and Ibadan South-West,
as well as some parts of Ibadan’s
suburban areas with increasing urban
encroachment, especially housing
construction, to accommodate the
growing population. This shows

that the concentration of buildings
and impervious surfaces over the
years has been on the increase;

the more the concentration of
building and impervious surfaces,
the higher the emissivity and
temperature in the environment
(Grover & Singh, 2015: 135).

Thermal analysis to estimate the
LSE and the LST for the years 2000,
2009 and 2018 revealed that dense
vegetation and grass/shrub lands had
the lowest maximum and minimum
emissivity values of 0.9861 and
0.9862, respectively. The vegetation
canopy has been documented to
intercept incoming short-wave solar
radiation, absorb it for the process
of photosynthesis, and release
excess energy in the process of
evapotranspiration (Zaharaddeen et
al., 2016: 38-39). However, surfaces
that are perpendicular to the sun’s
ray path, without any obstruction,
peak the heat wave length (National
Oceanic and Atmospheric 2017).
This is particularly associated with
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built-up land cover. The direct impact
of sun’s ray path is responsible

for the high emissivity values of
elements of the built-up areas. The
estimations of LST further revealed
that the vegetated areas and water
bodies have, over the years, been
relatively cooler because of the
evapotranspiration process and the
water body having the capacity to
absorb heatwaves during the day
and providing a cooling effect on
the environment. The built-up area
in the core of the city recorded the
highest mean surface temperature
at 33.5°C, 37°C and 43°C in

the years 2000, 2009 and 2018,
respectively. This is higher than

the values provided by NIMET and
the outcome is also in tandem with
Adelekan (2012) who ascertains that
Ibadan is exposed to heat stress
and incidences of dehydration.

6. CONCLUSION

With the increase in urbanisation,
human activities have generated
intense and sometimes excess

heat from buildings, transportation,
industrial and residential areas in
Ibadan, leading to the changing
energy balance of the environment.
In a world facing rapid urbanisation
and a changing climate, it is
becoming increasingly important

to understand the nexus of LULC
change and LSE. Such knowledge
gained can be used for environmental
education and public awareness to
influence policies and strategies to
curb the adverse effects of surface
emissivity in Ibadan and build the
city’s resilience to respond to climate
change-induced challenges. Hence,
planners and resource managers
use the reliable mechanism provided
by analysis of LULC change and
LST and emissivity to assess the
consequence of changes imposed on
natural resources, in order to detect,
monitor and analyse LULC change,
LST and emissivity efficiently. The
actions human beings take or fail to
take and the path that human beings
choose to follow in curbing LSE

will either break or make the earth.
Human activities on the earth have
resulted in increased land surface

temperature. Human beings have
the capacity to reduce increase in
temperature and its impact by means
of appropriate actions. Physical
planning interventions, which include
adherence to plot size building ratio,
urban consolidation, tree planting and
other cool approaches to planning,
should be adopted, in order to adapt
to climate change and build the
city’s natural resilience capacity.
Therefore, owing to heat reduction
components of natural vegetation,
as shown in the study, it will be

cost effective to adopt plant-a-tree-
per-building strategy. This may be
extended as urban forestry, which is
an integrated, citywide approach to
the planting, care and management
of trees, in order to secure multiple
environmental and social benefits for
urban dwellers, build resilience, and
entrench sustainable development.
However, not taking action to build
capacity by reducing or stabilising
the emissivity of surface materials
would mean more greenhouse gases
in the atmosphere, more turbulent
weather, and more heat-related
diseases. In a world facing rapid
urbanisation and changing climate,

it is becoming increasingly important
to understand the nexus of LULC
change and LSE. Such knowledge
gained can be used for environmental
education and public awareness to
influence policies and strategies to
curb the adverse effects of surface
emissivity in Ibadan and build the
city’s resilience to respond to climate
change-induced challenges.
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