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ABSTRACT

is not just d manifestation of how man use and view

Thus, major and minor cities in many developing
id urbanization and have

are experiencing rap
urban sprawl has become emerging

infrastructure that raises concern for
dicting its future patiern of growth,

nomenon which

Urbanization 1s @ global phe
engine of change.

the environment, but also an
countries, especially in sub-Sahara Africa,
immensely contributed 10 urban sprawl. In Minna,
environmental issue With rapidly decaying urban

the effects and pre

sustainable environmentalist. In assessing
the study integrate Remote Sensing and map algebra module of Arc¢GIS, and Shannon’s Entropy,

with field survey, personal interviews, and existing literature. The results of the study revealed
that urban sprawl increases pollution rale, energy consumplion, greenhouse gas emissions, land
use fragmentation, urban heat 1 study area. It was also

" cland and loss of biodiversity in the
2toscovef’ed. that the. rate of urban sprawl occurrence will remain constant between the 2017 and
27 with its associated ills. It is therefore recommen

ded that vigorous development contr
fore ; ol at all
Jevels should be enforced to stem the tide if the town will continue to be sustainable

Keywords: Heat island, Land . Shany?
i ' Land use, Remote Sensing and GIS, Sustainability development, Urban

1. INTRODUCTION

Historically, human populati ;
) at .
e breakthm“ghp' % o ll.ved a rural life-style until the 20" century, when
gtk e in medical sciences brought about increased birth e
a i ; ,
e teal y and increased life expectancy rates, along with comm .Stllrvua] L
min i : ’ er ” :
global Phenomenoi P;i%ﬂ;tl.on that .alded urbanization across the globe. U i;a .fdm?mg. to
environment, but al bl .not Just a manifestation of how . Urbanization 1s a
it , also an engine of change. Thus, mai man use and view the
m C i ¢ . ’ ) alo . . i
= ‘P .g ountries, especially in sub-Sah J r and minor cities in many
anization that has continue to a ara Africa,
a
geravate urban sprawl

Categorically, urba
, urban sprawl together with i

th .
development and urbanization (Adaku 20141)tS characteristics is

are experiencing rapid
(Joseph, et al, 2014).
the products of human

Urban sprawl which as a

development in Nigeria WhiChglObal phenomena;

has no universally a



Efftets of Urban Sprawl on the eavironmental sustainability

that it jacks @ precise meaning and defining sprawl has become a methodological

Nmin.‘“\C"-‘Nld‘ Gunther and Pia, 2014).0n the other hand it is important to note that
:,,,\\-l has many environmental effects which have being identified and grouped into four
::la&%:‘.\‘ via: air, energy, land, and water. But the most common issues attributed to urban
sprawl are loss of farmland, open space, forest, and habitat (Reza, 2014).

Three general approaches can be used to conceptualize urban sprawl. The most common
approach to sprawl is what Galster, er al, (2001) describe as the cause of all negative
environmental externalities. Many studies focus on one or more specific consequences as

3 basis for distinguishing sprawl and the justification for a policy response. The second
most common approach to defining sprawl is to focus on its physical characteristics as a
particular pattern of development (Bev and Anrab 2013). The third most common
approach emphasizes its dynamic aspects, explicitly understanding sprawl as a process
The land conversion aspect of sprawl is often a central concern,” While the physical
characteristics of sprawl may vary from place to place, the notion that sprawl is
fundamentally about change and involves a remaking of the landscape is universal.

The general consensus is that urban sprawl is characterized by an unplanned and uneven
pattern of growth, driven by a multitude of processes and leading to inefficient resource
utilization. (Joseph, er al, 2014). The definition of Galster er al, (2001) is the most
widespread. In their study urban sprawl is defined as an urbanized area with low levels of
density, continuity. concentration, clustering, centrality, mixed use, and proximity,
(different combinations are possible). As a result urban sprawl can be referred to as an
umbrella term that is used to refer to all forms of unwanted urban development (Ebenezer
and Adaku, 2014). However there is a growing need to reach a consensus and determine
a widely and broadly accepted definition of what urban sprawl exactly entails. The fact
remains that urban sprawl is exceptionally rapid in major Nigerian cities and has led to
the depreciation of major urban infrastructures which has compounded the way these
cities are sprawling (Joseph, ez al., 2014). These cities are generally witnessing high rate
of environmental deterioration and the areas are rated with the lowest livability index in
the world (Adedeji and Eziyi, 2010).
It is quite clear that urban sprawl increases the stress on social amenities and other
infrastructures (Morenikeji et al 2015). Generally it brings about various SOCio-economic,
cultural and environmental problems, particularly, degradation of the physical urban
environment which exists in the nature of loss of biodiversity and green-house warming,
desertification, degradation of agricultural land, air and water pollution, environmental
decay, slum development, insanitation, overcrowding, housing congestion, crime and
Violence, and several other demeaning situations (Jiboye, 2011).Such growths are
unsustainable, since they affect ecology, society and economy (Lucia, 2014)
Many of the consequences are indirect affecting all mankind, and not just those cr




Absfa ol of Geogmphy and Environmental Managemen e
NG, I

ectives of the study

- crqdy is aimed at examine the effects of urban sprawl in Minng gng Predicy ;
This stu g § a1 pmﬂ'cf planniNg solution for a sustainable human :];‘q its fUture
i gmbe achieved through the following objectives: we]”r"“em,

And this is 1
i Examine the population growth rate and growth pattern of the 1,

Afm and O

L Agsess the level of urban sprawl its impact of the physical eny; fonment
il.

{i.  Determine the u
3. Methodological approach

3.1  The Study Area
Minna township is located between latitudes 9°24'N- 9°48'N and longitude 6°25' .
6°45'E (nigerstate.gov.ng) is presently the state capital of Niger State 4 the
administrative head quarters of Chanchaga Local Government. It is about |5 kilometerg
from Abuja the Federal Capital Territory (FCT) of Nigeria and is known fo; its
agricultural activities producing yam, rice and grains like maize, millet, guinea COTN.ere
The population estimate of the town as at 2018 is about 506,113 with a density of aboyg
3448 persons per km2 (NISEPA, 2009). It has one of the highest population growth rates
in the country due its closeness to Abuja; serving as a sub-satellite town to FCT. [ i
occupying a land area of about 6,789 square kilometers (NISEPA, 2009).

tban sprawl pattern and the future growth rate.




ﬂhich were captured using cameras.

rible 3.1 Detail attribute o the Landsat Satellite image.
s,fi;" vpe Path/Row Spectral Resolution Year Source
i Bands
r" Landsat TM 189/053 7 Bands 30m 1990 USGS
1990
) Landsat 189/053 7 Bands 30m 2000 USGS
- ETM+ 2000
j  Landsat 189/053 7 Bands 30m 2010 USGS
ETM+ 2010
| Landsat 189/053 10 Bands 30m 2017 USGS
~ OLITIRS 2017
13 Data analysis

he four landsat images were processed and classified. The spectral bands of the images
vere stacked and masked in FErdas imagine 9.0 and ARC-GIS 10.3 environment.
upervised raster classification was carried out using training samples obtained ﬁmg ;hg

ield, with maximum likelihood algorithm in the ARC-GIS environment to identi

omogenous groups of pixels, which represent various land use classes thllgqm '
L —
vas verified with a ground truth of the area to determine the accuracy by cre: i

andom points from the ground truth data and comparing it to ,};hg
onfusion matrix. The land use were classified into four; Buil
Nater and Vegetation. The classified landsat images v
fircles as buffer zones from a point about the ce
srimanta, Moupriya, & Arpan. (2013), the approach used
ision of the study area into 15 zones.
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{inna was vectorized through
&4 Tast

sed iMage of M
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O ne

Jacsif16¢ ) :
-~ sy 18 ‘d LIﬂSS A s 1 - 'S Vv
The 2017 supert the conv gion module 10 arcGlS environment; the py;, Polyg
5 . 2 i~ J &b
onversion using Jlygon as a scparat¢ polygon and saved g ﬂ' UP are, . >
. p( y Oat Whia »\'as
3 wag

(1)

of zones

re n= 15 \\‘h 1S
(2)

Whe

pi = X1/2XI
the density of land developm

fland in ith Zone.

ent, XI = built up land in ith zope d
nd Ty
2X] =

Where P1 =
total amount ©
3.4 Prediction of the future patte
Having Jetermined the growth rate of b

projection formula was a

the population
module whose formula 18 stated as thus:

rn of Urban Sprawl in the town

uilt up area within the last thirty year ;
S S 1n A\

dapted and integrated into the idp Yiirma‘
al

Scbry

By= Bo(1+ 1) ©)
Where By=Built-up projected.

B,=built up of the base year.

wth and n=number of years.

odule, the mathematical expression was integrated into ar
d extent by the year 2027 which was presented ;GIS
asal

r= rate of gro

Using the map algebra m

to predict the growth pattern an

image.

The -projected 2027 image was divided into concentric circles as buffer zone

relative entropy values of each zone was calculated and its changes from 7017S e Jtlh :
- was aiso

determined using the same method adopted earlier.

4.  RESULT AND DISCUSSION

4.1 inati
The examination of the effects of Urban sprawl on the Environment

Figure 4.1 i -
the study ar:fiﬁ:i:ﬁ: tirsit{ve ﬂ:ntropy. values of built up area, vegetation and water n
built up area was compact . -the relative entropy values indicate that in 1990 and 2000
showing that uban sprav with low density of about 2.4% and 3.8% respectively
compact and located on] occ“”?HCe was low, settlement across the study area WS
energy consumption Was};oztr Specl{?c lo?ations as indicated in figure 4.2, 85 a e
atmospheric emissions and ,ortl;leamng little or no air pollution due to low @
er pollutants, while within the same

92' / Of m ‘-

1990 and 9
2.3% by 2000. These supports biodiversi |
versity, protection of the soil
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Effects of Urban Sprawl on the emy ronmental sustainability

od that 44,336 tons of waste wil] be generated an indication th
projﬁct wing down and will continue tq rise. The w
pot leat ed dump sites from where scavengers
pents under unhygienic conditions w}

at waste generation s
rated are transported to
Y Separate the recyclable

ed up to be transported to other

aste gene
partiall

hich are then pil
.« for recycling while the rest is openly dumped with
cities

xicity, eutrophication and globa] warming potentia
to 5 , .

il iy an unsustainable solid waste Management sy

ear

high carcinogens, acidification,
Is (Ogundipe and Jimoh, 2015),

stem.
cl

Plate i. Refuse Dump Sites

In 2010 Vegetation became almost evenly dispersa.l with lower (-iensity‘ c‘ompatred t:((:dtil;:
i it now covers 71% of the land area in Minna, while su.n‘acc water :
eafhfff i l‘ ally compact and remained constant at 0.3% due to its remote location
ma“‘]ed . it a: activities, by 2017 Vegetation reduced in its dispersal ra.tes
E d‘lStan'CC frOfm un;ctness and increased fragmentation with lower fiens.ity cov'ermg
e e o v nd losing 46.5% from 1990 due to its conversion into t.)ullt up
49.7% of the la;?d ar.eada troyed the soil is being exposed to agents of weiathenng and
e As vegetat.lon fs O r washed away as a result valuable soil nutrients are lost,
#nudation and is bemg_ blown Onal ‘nterviews when some respondents conﬁrmed to the
:‘é:: med.tot:unlnggg(;fr:e use of fertilizers was not popular among the farmers,

Taci earlier in the

182

igh soil fertility, while presently
| . te then due to high soi ,
- because harvest was high and adequa e
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Effects of Urban Sprawl on the environmental sustainability

jt was also observed that Urban sprawl has lead to uncoordinated growth of the study
area, which can be seen from Plate 111, stressing urban infrastructure like water, electricity
and roads, as most dwellers in Minna depend on alternative source of water and

clectricity, while apart from the major roads most of the roads are untared and in some

ca
has lead to the creation of slums which brings about the decay of the inner core of the

ses almost unmotorable, with this in place and the rapidly growing urban population, it

study area. These places serve as breeding ground for social environmental issues like
crime, prostitution, drug abuse and related health problems, as a result aggravates the
deterioration of the physical environment, making the goal of environmental
sustainability hard to achieve.

Plate iii. Perspective view of the study area.

42 The prediction of the future pattern of urban sprawl in the a e

o ‘.'.l']

* The predicted variations in urban sprawl occurrence is as displayed in fi

 that urban sprawl will be evenly dispersed in zones 5, 10, 11, 12, 1
j I ii' 7- y
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Figure 4.4: Predicted distribution of relative entropy values in Minna in 2027.
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Figure 4.5:  Buffer zones for the predicted entropy in 2027

Figure 4.6 depicts the changes expected to take place from 2017 to 2027 in each of the
zones, it shows that zone 5, 10, 11, 12, 13, 14 and 15 will become dispersed and will be
directed out wards with high magnitude, an indication of high sprawl occurrence, *%
zones 1, 2,3, 4,7, 8 and 9 will become more concentrated with low magnitude indicating

low rates of sprawl occurrence.
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d it can be deduced that environmental effects of urbay, o
5,10, 11,12, 13, 14 and 15, while it will be imp()nar‘““/i is
its rate of occurrence is taken note of in zones 7.8 and 9 where it is likely to be modc:.hat
effects to watch out for in addition to the destmctiondm'
vegetation cover which has led to forest fragmentation, land degradation, o :;

rsity and soil infertility are increased urban heat island, indiscriminate dispog,
nerease the risk of flooding, water pollution gpq of
can

From the result analyze
expected to be hi gher in Zones

The major environmental

biodive
solid and liquid waste which can 1

also serve as disease vectors.
Urban infrastructures will further be stretched which will make most people .
alternatives that are not environmentally friendly. As is already happening, the inney coe
of the study area will be subjected to further decay and the increased dependency =
, i . . 0
automobile will lead to increased emission Jevels of CO2 which will further deteﬁoratn
e

the overall environmental quality of Minna, making it impossible to achie
Ve

environmental sustainability.
5.0 Conclusion and Recommendations

Urban spraw] has lead to the loss of vegetation which in turn has exposed the soil leadj ng
o soil infertility, soil erosion, and land degradation. The loss of vegetation and water hqg
also lead to the migration or possible extinction of some animal species that could be
found in the study area, the rapid increase in built up area records higher temperature
which could increase the amount of urban heat island considering the rate of loss of
vegetation. While refuse waste is increasingly generated as population increases and is
indiscriminately disposed. It was also observed that carbon dioxide is the major
greenhouse gas emitted into the atmosphere due to high automobile dependency rate and
the increased use of generators with emission levels eight times higher than the
acceptable safe limit, the seftlement pattern is fast becoming energy inefficient and
un.SuStaina_ble’ generally urban sprawl can be linked to most environmental issues in
e
ey I lt0 bur an sprawl. occurrence is expected to
compact in the study area, with i,ncreasin u 'ur ar; SPI‘E‘lWI will become concentrated a.nd
urban infrastructure. Th1; research the ngIgns h ‘?nVlI'O'nmental.pmblems and decaying
future environmental effects of urban i prov.ldes information about the potentd

sprawl and its pattern of occurrence in the study

area, which will hel i ; :
Fih p environmental managers in decision making and policy

Plants are of b ,

Py ::uerf:; tofman besides the provision of shades from sun; they serve & food

loss of fertility and ! OXyget'l, b.eautify the environment, protect the soil from erosion;
protect biodiversity, to enjoy these benefits, there is the need 10
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