SoKo
of the :

Joumnal

2

y (Formerly Journal of Social Science and Administration) - -
; e
: '-1

.n"‘ ‘
] | 1
~ p. |
1
|
)
j{ ‘
; } ’
|
4 ¥

tl | ISSN: 1595-2738 Vol 2: No. 2, December 2012

< £ . B
- P & PRl e i
! o 5 . " A ‘ o WEUTIE W ORIK 2.4 L 4,»...-......_.‘!-———.—._‘
N TSR R F TR 2

Scanned by CamScanner




OFTHE IMPACT OF URBAN GROWTH ON
E TEMPERATURE IN FCT, ABUJA USING
GEOSPATIAL TECHNIQUE

AN ASSESSME
LAND SURF.

MUSA, JIBRIL
Department of Geography,
Federal University of Technology, Minnu, Nigeria

@ BAKO, M.M.
epartment of Geography,

Federal University of Technology, Minna, Nigeria

M.B. YUNUSA

Department of Geography,
Federal University of Technology, Minna, Nigeria

GARBA INUWA KUTA

Department of Geography,
Federal University of Technology, Minna, Nigeria

ADAMU MUSA 7
Evans Medical Plc, Plot 6, Abimbola Way,
Isoro, Lagos, Nigeria

Abstract

Urbanisation and economic dependence on land and its numerous resources have
been the major driving force shaping various landscapes. This study employ the use
of remote sensing and GIS techniques to identify the various land uses, their
various transformations between 1986 and 2006 and measures the rate of urban
expansion and loss of vegetation cover in the study area. It also analysed the
changes in Land Surface Temperature over Abuja area using Landsat TM and
ETM-+ satellite data for 1986, 2002 and 2006. The variability of the Land Surface _4
Temperature has been investigated with respect to different land use/land cover :
(LU/LC). Types determined from the Landsat Visible and Near Infrared (NIR)
channels. The emissivity per pixel is retrieved directly from satellite data and has
been estimated as narrow band emissivity at the satellite sensor in order to have the
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1. Introduction

Urbanisation, the conversion of land to
uces associated  with  growth  of
populations and economy, 1s a main type
of land use and land cover change in
human history. It has a great impact on
cimate. By covering with buildings,
roads and other impervious surfaces,
urban areas generally have higher solar
radiaion absorption, and a greater
thermal capacity and conductivity, so
that heat is stored during the day and
released by night. Therefore, urban areas
tend to experience a relatively higher
temperature  compared ~ with the
surrounding rural areas. This thermal
difference, in conjunction with waste heat
I@leased from urban houses,
transportation and industry, contributes
to the development of Urban Heat Island
(UHI). The temperature difference
between urban and rural areas are Tising
to several degrees with special ul‘b.an;
tOpographical and meteorologlcal
conditions (Dash, 2005).

It is very important to ac
area temperature information :
therma] environment problems of the Clt_y
e being investigated. Satellite data 13

quire wide

. De
i Journal of the Social Sciences Vol. 2: No.2

when the

planned wrban growth
However, qreening and
gested as amelioration to the

also useful for providing information on
land cover. The recent development of
high-resolution satellite images means
that detailed analyses can now be
achieved.  Brightness  temperatur
information from satellite data together
with  simultaneous  satellite land
use/cover data is very useful to
understand surface conditions of urban
arcas. It is possible to evaluate the
relationship between the ground cover
situation and city temperature using
satellite data. It has now become
possible to obtain detailed knowledge
of the land cover that determines the
high-temperature of an urban area by
utilizing information from a wide area
(Goward, 1981).

The brightness temperature observed

by satellite images 1s very useful for
area-wide  temperatures

he study of thermal
urban

assessing
distributions for t

environmental problems of
Studies on surface temperature

f urban areas using
satellite remote sensing dat.a haveT b}ef;
conducted primarily ~using NO

1993;
VHRR data (Gallo et al., 1993;
‘I/;atimehin, 2007; Adinna, 2009). . The

areas.
characteristlcs 0
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§pahal resolu‘}ion of NOAA (1.1 km) data
1s found suitable only for small-scale
u:Fban temperature mapping. The much
higher resolution (120m) Landsal T™M
and (60m) Landsat ETM+
infrared data were seldom
derive surface temperature.

In Abuja, land use/cover pallerns
have undergone a fundamental change
due to accelerated growth since 1979.
Urban growth has been sped up, and
extreme stress to the environmenl has
occurred. This is particularly true in
the city where massive agricultural
land is disappearing each year,
converting to urban or related uses.

- Evaluating the magnitude and pattern of
growth of all the urban centres in Nigeria
is an urgent need. Furthermore, because
of the lack of appropriate land use
planning and the
sustainable development, random urban
growth has been creating severe
environmental consequences. Thus, there
also is a need to assess the environmental
impact of the rapid urban growth (Jinqu,
2008).

The integration of remote sensing
-and geographic information systems
(GIS) has been widely applied and has
recognised as a powerful and effective
tool in detecting urban land use and
land cover change. Satellite remote
sensing collects multi-spectral, multi-
resolution and multi-temporal data
and turns them into information
valuable for understanding and
monitoring urban land processes and for
building urban land cover datasets. GIS
technology ~ provides  a flexible
environment for entering, analysing and

thermal
used o

measures for

~3.1

displaying digital data from various
sources necessary for urban  feature
identification, change delection and
database development (Zubair, 2006).

2. Aim and Objectives

Aim

To assess the impact of urban growth
on land surface temperature in FCT,
Abuja using geospatial technique.

Objectives

=,

» To determine the spatial extent
of UHI in the area between
1986-2002;

> To assess the temperature

variations  associated  with

different land use/land cover
types in the study area.

3.  Materials and Methods
The Study Area
3.1.1 Location, position and extent

Abuja is located in the centre of the
couniry in the Guinea savannah
between latitudes 8°25”N and 9°25"N
and longitudes 6°45”E and 7°45"E and
occupies an area of about 8000 square
kilometers. It is bordered in the north
by Kaduna state, to the east by
Nassarawa state, to the west by Niger
state and to the south by Kogi state. It
became the new administrative capital
of Nigeria in 1976 after Lagos but the
actual development and movement
into Abuja started in 1980, after the
master plan was completed by the
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International  Planning
(IPA) in 1979.

The beauty of the FCT ig in it
Jandscape profiled by rolling hillv,S
isolated highlands and gaps win 1oy,
dissected  plains  (NASRDA, 2007)
Topographically, the area is Lypificd by
gentle undulating terrain inlerlaceg
with  riverine  depressions, and
generally, the relief from hilltops 1o
valley bottom varies around 50 m. The
southwest section contains the flood
plain of Gurara River eastward of the
elevation of about 915 m above mean
sea level. The soil structure of the area
is thin with texture generally stony to
gravelly sand with smaller occurrences
of loam basically Alluvial and
Luvisols. The annual rainfall is about
1,631.7 mm and the annual mean
temperature ranges between 25.8°c and
30.2°C (Balogun, 2009).

Associatoeg

3.1.2 Weathef and Climate

Abuja  under  Képpen  climate
classification features a tropical wet and
dry climate. The FCT experiences three
weather conditions annually. This
includes a warm, humid rainy season
and a blistering dry season. In between
the two, there is a brief interlude of
harmattan occasioned by the northeast
trade wind, with the main feature of
dust haze, intensified coldness and
dryness (Malik, 2004). ;
* The rainy season begins from Apri
and ends in October, when day-time

>, okoto Journal of the Social Sciences Vol.

temperaturog reach 28°C to 30°C and

;.;%?:ulmc lows hover around 22°C to
l;'m a In the dry scason, daytime

Ptlralurcs Can soar as high as 40°C
;”21:1 ‘mghllimc temperatures can dip to

C. Even the chilljest nights can be
followed by daytime temperatures well
nb(.)vc 30 °C (86.0°F). The high
alEl'ltlcics and undulating terrain of the
FCT act as a moderating influence on
the weather of the territory. Rainfall in
the FCT reflects the territory’s location
on the windward side of the Jos
Plateau and the zone of rising air
masses with the city receiving frequent
rainfall during the rainy season from
March to November every year (Malik,
2004).

3.1.3 Vegetation

The FCT falls within the Guinean
forest-savanna mosaic zone of the West
African sub-region. Patches of rain
forest, however, occur in the Gwagwa
plains, especially in the rugged terrain
to the south southeastern parts of the
territory, where a landscape of gullies
and rough terrain is found. These areas
of the Federal Capital Territory (FCT)
form one of the few surviving
occurrences ” of the mature forest
vegetation in Nigeria (Malik, 2004).
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Figure 1: | Map of the Study Area

3.2 Data

The digital data used in this study National, State and Local government
were collected by Landsat TM and boundary maps were obtained from the
ETM+, and their spectral and spatial = National Space Research and
characteristics as well as acquisition Development Agency (NASRDA), Abuyja.
dates are shown in Table 1. Also,

Table 1: Satellite Imageries used in the Study

Sensor Date of Number of Number of Resolution of Resolution Source
acquisition reflective thermal reflective of thermal
bands bands band band -
™ 21-12-1987 6 1 30m 120m GLCF
ETM + 27-12-2001 6 1 30m 60m GLCF
ETM + 09-12-2006 6 1 30m 60m GLCF

Source: Authors’ Work, 2012
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33 MEthOdS
3.3.1 Detection of Urban Growth

[rom remole  sensing perspective
Impervious Surfaces (ISs) are 1151:.1]]):
referred to as built-up arcag (buildingg
roofs, paved roads, elc.). In {hig study, 1}’1.(:
1S will be an indicator for urban p,mwl}{
and be one land cover calegory,

Firstly, the satellite dafq were
classified using Maximum Likelihood
Classification Algorithm into five main
types of land cover, including IS, bare
surface, vegetation, cultivated and
water body with the aid of ILWIS 3.3
academic software after the imageries
have been enhanced using histogram

e i7at
qu‘"l"""“fm, rectified to 3 common

PIM coordinate system (WGS84). The
:;:f))‘ill'szcd c{assification method
'fmm u- that 1S was woell separated
e waler and moist land, but some
are land was included. In highly
vegetated areas, the NDVI typically
ranges from 0.1 to 0.6, while urban IS
t1nd Water value is negative. NDVI
Image then was used for establishing a
threshold, where the NDVI value Jess
than ‘0" usually represent urban IS and
water lypes. For change evaluation of
IS, the study carried out the post

classification comparisons (Rahman,
2007).

3.3.2 Derivation of Land Surface Temperature (LST)

LANDSAT BANDS LANDSAT
3AND 4 RAND 6
NDVI EFFECTIVE SATELLITE
TEMPERATURE
EMISSIVITY
_ LAND SURFACE o
TEMPERATURE

Weng, 2003
Figure 2: Flowchart of estimating surface temperature adopted from Weng,

ETM band 3, 4 and the thermal
Landsat T 20 pose. The following method

Th . . ted .
e radiometrically correcte Il be used for this pur

infra-red (TIR) data (band6) wi

Will be adopted sequentially. : TIR image;
> Stepplz extrgction of digital numberthl)iaf;‘:?ut:;g '
> Step 2: conversion of DN to spectratra
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LA=0.0370588 X DN + 3.2

............................ (3.1)
Where LA is the spectral radiance
» Step 3: caleulate the effective satellite Temperature using
TEs = (KZ)/In {(KI/LA) +1} ............................ (3.2)
Where K2 and K1 are constants and the values are
Landsat TM Landsat ETM
K1 607.76 666.09 mWem”/2
K2 1260.56 1282.71 K
> Step 4: calculate the NDVI
NDVI= (R band 4-R band 3)/(R band 4-R band 3) _____________________ (33)

R band 4 and R band 3 are the land surface reflectance in the near infra-red
and the visible bands respectively;

¥ Step 5: calculate Emissivity (€) from the NDVI
Emissivity (€) =1.094 + 0.047 x In (NDVI) | ciiiciieirennnenns (3.4)
» Step 6: compute the surface temperature (Ts)
Ts=(Tes)/ {1+ A (Tes/p)l Inel | wiveesnenmmnnenens (3.5)

Where A is the wavelength of the emitted radiance = 11.5pm (Markham and Baker,
1985); and p = he/c = 1.438 X 1042 mK; o =Stefan Boltzmann constant (5.67 x 10”-
SWmA~-2K~4), h = Planck’s constant (6.626 x107-34]s) and ¢ =2.998 x 1048 m/s.

4. Results and Discussion’ : 2 03

The results of this study are presented in form of maps, charts and statistical tables.

' ' 50
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41 Analysis of Urban Growth (Land
Use Land Cover Change)

Urban growth is usually detected with
the analysis of Land Use Land Cover
(LULC) change. In this study, urban
arcas which includes all impervious
surfaces such as building, roads and al]
other  man-made or artificial
constructions — are  referred 19 g9
settlement while dense forests  and
crop-lands  are  referred (o as

vegelation, and also bare-surface are
used to denote bare-grounds and rock
oulcrops (Voogt,  1997). The
classification of (he images of the study
area al different epochs was necessary
in the detection of changes which has
occurred in the various land use Jand
cover observed within the study area
over the study period. Thus, the LULC
distributions for each study year are
clearly shown in the Table 2 below:

Table 2: Land Use Land Cover Distribution (1 986, 2002, 2006)

CLASSIFICATION 1986 2002 2006
CATEGORY AREA AREA AREA AREA AREA AREA

(km?2) COVERED (km?2) COVERED (km?) COVERED
(%) (%) (%)
BARE SURFACE 1204.608 34.88 1217.658 35.26 1215.157 35.19
SETTLEMENT 617.351 17.88 786.087 23.64 932.957 27.02
VEGETATION 1631.012 47.23 1449226 41.09 1304.857 37.79
TOTAL 3452.971 100 - 3452971 100 3452971 100

Table 2 reveals that as at 1986, Bare-
surface and Vegetation constituted the
largest LULC categories in Abuja
collectively occupying an area of
3835.62 km2 representing 86.22% of the
total land cover of the study area with
settlement being the least land cover
type occupying an area of 617.315 km?
Iepresenting 13.78% of the total land
cover of the study area. Statistics for
the year 2002 shows that there was
settlement increase from 617.315 km?
(13.78%) in 1986 to 786.087 km?
(17.34%) in 2002, vegetation decreases
from 58.809, of the total land cover to
54.03% while bare-surface increased
from 27.42% 10 28.63%. Also between

2002 and 2006, settlements grew from
786.087 km? (17.34%) to 932.957 km?
(20.80%) while there were losses of
vegetation and bare surface.

The changes in the LULC are also
described in terms of number of pixels
for each classification category. The
number of pixels for the different classes
and years are clearly represented by the
chart below.

151
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Figure3:  Pixel Information of the Different LULC of Abuja

Result shows that the study area has experienced significant gains in its settlement
from 1986 to 2006 with an increment from 617.315 km? to 932.957 km? which
makes up a per centage increase of 51.13%. Table 3 and Figure 4 show the gain and
per centage increase in settlement for the different years considered.

Table 3: Settlement Gains and Percentage Increases
YEAR SETTLEMENT GAIN IN PER PER CENTAGE
AREA COVER SETTLEMENT CENTAGE INCREASE (%)
(km?) (km?) INCREASE FROM 1986
» (%)
1986 617.351 - - -
2002 786.087 168.736 27.33 27.33
2006 932.957 : 146.87 - 18.68 51.13
sokoto Journal of the Social Sciences Vol. 2: No.2 December 2012 152
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4.2 Trends in NDVI

Normalised Difference Vegetation
index (NDVI) is a measure of the
vegetation density of an area and tends
to reduce with increase in the
alteration of natural surfaces and
replacing them with imperviogs
surfaces. The NDVI values as shown I
Table 4 are in the range of -0-39 and
039 for the years considered. It 15

Sokoto Journal of the Social Sciences Vol. 2: N

Landuse / Landcover Maps of Abuja, 1986, 2002 and 2006

observed that lower NDVI corresponds
to the developed settlements while
high NDVI values corresponds to the
less developed natural surfaces all
through the year as shown in the
Figure 5 (a, b and c) below, 1986 has
the highest NDVI value while 2006 has
the lowest which indicates that the
NDVI of an Area tends to decrease

with Urban growth.
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Figure 5 (a, b, & c): NDI Maps of Abuja in 1986, 2002 and 2006 respectively
4.3 Land Surface Temperature (LST) Distributions
In this study, LST was estimated using the Radiative Transfer Method and the

results are shown in the table below. The result shows that Land surface
Temperature increases with increasing the rate of urbanisation.
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Table 4 LST values obtained fqr different
Years

Table 4 shows that LST over Abujﬁ has
increased from 28.52°C in 1986 o
38.92°C in 2006 which constitutes an
increase of 9.9°C within 20 years
resulting into an average annual
increase of 0.495°C. The rapid increase
in the values of LST over the years of
study can be attributed to the rapid
increase in urbanisation the city has
witnessed. The population of the city
has increased from 120,531 in 1980 to
486,569 in 2006 and this has led to a
considerable amount of natural surface

Years ]
- —— 1986 Ty
Maximum Temperature 28.5 2002 2006
oC § 37.32 38.42
Minimum Temperature 22.44
°C) 24.6() 25.23
R

and replacing them with impervious
surfaces such as roads, pavements and
other materials with the capability of
retaining heat and thereby causing
serious environmental stress which in-
turn affect our urban micro-climate.

This study also examines the
temperature variations associated with
the different Land use Land cover
types considered and the table5> show
the mean LST of the three features
considered:

Table 5: Temperature variation associated with different LULC types

LULC TYPE 1986 2002 2006
Settlement . 2852 . - | 37.32. . 38.42
Bare ground 2487 30.92 30.88
Vegetation 23.66 24.60 25.23

-, - . j‘w <
Gy 4 IR T
g, Ly~ e

795207 | E
731709
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28.52
27.91
27.30
L 26.70
26.09
25.48
24.897
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Figure 6 (a, b and c): LST Maps of Abuja in 1986, 2002, and 2006 respectively

4.4 Relationship between Vegetation
Density (NDVI) and LST

It is well known that areas with high
NDVI values have low LST values and
vice-versa. This is. further established
in this study as the study tries to
establish a relationship between LST
and NDVI. Figures 6 (a, b and ¢) shows
that LST is highly negatively correlated
to NDVI, it indicates that features in

pixels with high NDVI values have low
surface temperature values and those
in regions with low NDVI values have
high surface temperature values. This
also implies that regions with low
NDVI values have less vegetation
density as a result of urban
development and regions with high
NDVI  values have very thick
vegetation density. Therefore, LST

Sokoto Journal of the Social Sciences Vol. 2: No.2 December 2012 _ 156
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increase with decreasing vegelation
density-

Strong correlation between surfaee
remperatures with. NXDVI is observed,
which assures  a polential of using,
linear regression to predicl surface
emperature if  NDVI values  are
known. Hence surface temperature can
be prcdictcd with reasonable accuracy
using NDVLIt is scen thal the NDVI
values decreases from 1986 to 2006 duc
to wban growth which has led to
decrease in  population of green
vegetation due to clearing.

S})alial variation of NDVI is not only
stubject 10 the influence of vegetation
amount, but also topography, solar
radiation availability, and other factors
(Weng, 2003). NDVI is commonly used
a5 a measure of land surface greenness
based on the assumplion that NDVI
values are positively proportional to
the amount of greenness in an image
pixel area (Voogt, 1997).

Table 6 below shows the relationship
between Vegetation density and Land
surface temperature.

Table 6: Relationship between Vegetation denéity and LST

Sokoto Journal of the Social sciences VO

| 2: No.2 Decembe

" YEAR NDVI " NDVI - LST LT CORRELATION '
! MINIMUM MAXIMUM MINIMUM MAXIMUM o :
I
| - :
1986 0.04 0.39 22.44 28.52 0.963 :
! ]
I 1 }
. T 0966

[ 2002 035 0.17 24.60 37.32 :
i ]
' 38.42 ' 0974 '
2006 -0.39 0.13 2523 | W A ;
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Figure 7 (a, b and c): Relationship between NDVI and LST for 1986, 2002 and 2006
respectively
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5. Conclusion

This study exploits the possibility of
Remote  Sensing  and (;Cf)gmpl'lic
Information Systems (GIS) techniques in
the drive towards  suslainable
environmental  development  with
particular  respect to urban - growth,
vegelation loss and also on the
exploitation of other environmental
natural resources.

In this study, some of the major
findings include:

« There has been fast transformation
of savannah vegetation, range land,
wetland vegetalion cover to other
land uses such as bare lands and
built-up area. -

- Bare lands and Built-up
have increased more than any
other land uses.

- The study reveals vegetation cover
has reduced more significantly.

area

Sokoto Journal of the social Sciences Vo

| 2: No.2 DecemP

Growth of the urban area is highly
T‘clalcd o the socio-economic and
industrial potentials of the city.

This study identifies, that the
surface lemperature of Abuja increases
day by day, due to many human
aclivities.  Population, Floor area
densily, Land use and Land Cover are
the factors mostly affecting the surface
lemperature of the city.

5.1 Recommendations

Finally, despite the fact that loss of
vegetal cover to urban growth cannot
be totally halted, but sustainable
planning and management will go a
long way towards reliable and
sustainable way of protecting the
vegetal cover which always serves as
the ecosystem service provider to the
urban centers and also policy makers
should incorporate afforestation and
establishments of green belts and parks
into the city planning schemes.
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