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Analysis of Trend and Dynamics of Urban Sprawl in
Minna Niger State Nigeria

Muhammad N. Daniyan*, Mairo Muhammed

The Federal University of Technology Minna Geography Department

Abstract — Urban Sprawl tn Mivma is a phenomenon that is quite pronosnced with many unsustainable impuacts, consequeently rais
ing comcern for environmental sustainability. This research eoaluates Urban Sprawl r.fu.;mmu's in terms of its magnitude direction
amd natwre of occurrence by integratimg Remote Sensing, GIS tools and Shannon’s | fﬂ:-;-n,:;, The Landsat fmm;.-_s‘ of the study area
acquired for the years 1990, 2000, 2010and 2017 were processed and elassified, the resull s‘hum- that land use 'lam! cover 1< rapidly
being transpormed mto buill wp area The images were further diided into comcentric buffer zomes easily adoptable by relative Shan-
non'’s entropy, due o its high flexibility and the fact that it is wnrestricted by the number of diwiw’m:.‘--used, the r(‘f(.lh'i'r Shavinon’s
entropy was calculated, It revealed that in 1990 and 2000 wrban spracol has low magnitude with compact form of settlement, wohile i
the year 2010 and 2017 1t became coenly dispersed with higher magnitudes and divected toroards the south-western part of the <tudy
area, it shows that urban sprawl had always increased in its rates of dispersal throughout the period of the study, it is gradually be-
coming compact, as indicated by changes in jts pattern from 2010 to 2017, showing increasing signs of environmenial problems and
decaying wban infrastructure. This research provides information abon! the pattern of urban sprawl which will help environmental
managers m decision making. 1t is recommended that the rate of wiban sprawl and increasing environmental decay showld be

matched with proportionate economic growth and environmentally friendly development practices.

Keyword - Environment, GIS, Relative Shannon’s Entropy, Remote Sensing, Urbanization.

2 INTRODUCTION

Urbanization is a “process of human agglomeration in
multi-functional settlement of relatively substantial size”
(Jiboye, 2011). According to Ujoh, Kwabe and Tfatimehin,
(2010), 1 15 the process that refers to the growth both in
size and numbers of urban centre, This process is respon-
sible for the transformation of towns, cities and metropoli-
lan areas, while at the same time increasing the process of
direct rural-urban migration.
Increased population growth has led to massive urbaniza-
ton and concentration of socioeconomic and physical ac-
tivity, resulting in the creation of environmental issues and
concentrate problems and vulnerabilities (Dawson, ¢f al.,
2014)
Urbanization has become not only a manifestation but also
A engine of change on how humans use and view the en-
Yironment, Nigerian Citics are witnessing, high rate of en-
vironmental deterioration and are rated among urban are-
S with the lowest livability index in the world (Adedeji
and Ezivi, 2010), this is duc to attempt by Nigerians to ad-
st theeis scemingly endless wants and desire for food,
hdter, recreation, transportation, infrastructural facilities
W %0 on 10 the land and other environmental resources
Wailable 10 them, as a4 result Urban infrastructures such as
Toads / strects, housing, electricity, water supply and waste
Management sy stemis are depreciating and this has com
{::“;::‘::“'; Way the cities are sprawling,. -
urban gm: ""“ sprawl is exceptionally mplnl, such rla: n'.
cOnmmred th lw. had many unsustainable impads, 'l .m‘
waste, poll Mgnificant amounts of resources, proc mt;:l
Kol "‘I‘mmum and degrades the environment in ‘|
nd, i n‘"‘ of agricultural land, LIeCH Spaces and natura
A CCey consumption and therelore, greater

MWirew St
el pothution. Increased nead for more infra-

structure like water, electricity, roads and health care facil-
ities, the degradation of peri-urban ecosystems and valua-
ble habitats within the city. It has lead also to increased
traffic and high automobile dependency, as a result exac-
erbates global warming,

Currently these problems are major urban challenges in
Minna, consequently raising the point that the cost of
sprawl is borne by all of us not just those creating it. This
opens up the field to investigate and understand its dy-
namics, with the aim of evaluating the trend and dynamics
of urban sprawl in Minna.

1.1 Objectives
*  To analvze Land use Land cover trend in Minna
from 1990-2017.
s To FEvaluate urban sprawl dynamics in Minna

trom 1990-2017.

1.2 Study Arca
The study area is located about 150 kilometers from Abuja

the Federal Capital Territory of Nigeria; Minna lies be-
twoeen latitudes 9°24'N- 948N and longitude 6°25°F -
67151, it is the State capital of Niger state (igure 1), [t has
a total population of approximately 506,113 with an aver

age population density of about 3448 persons per km? (N
SEPA, 2000 The population growth in the city is among
the highest in the country and faster than the national av

erage because of its proximity to the Federal Capntal Abupa,
it 1s occupying a land area of about 6,789 square kilometers
and hies on a geologieal base of unditferenthated basement
complex of mainly greiss and magnetite (NISEPA, 2009).

n
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Figure I: The location of the Study area
Searce: Niger State Geographical Information System
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METHODOLOGY

The dats sets utilized were Landsat images of the study
area fior the years 1990, 2000, 2010 and 2017. The Landsat
Images were acquired and dassified as secondary data
with their characteristics presented in table 1.

Table 1: Details of secondary data used and their charac-

tennsbics
Data | Bamds | Date | Resolution | Path/Row
Lamdsat |7 11950 | 30M 189/053
™ | Bands | 1990
Ladat |7 ' 2000 | 30M 189/053
LETM- | Bands l 2001
- {7 | 2010 | 30M 189/053
EDM- | Bands | 2011
ladat {10 2017 | 30M 189/063
LOU/TIRS | Bands | M7
b d

The rate of Land use Land cover (LULC) change in Minna
e 1990 and 2017 was analvzed at a decade interval,
o fo landsat images were preprocessed and dassified.
::::’f’““‘b%of the images were stacked and masked
= imagine 9.0 and ARC-GIS 103 environment. Su-
:' " raster dassification was carried using training
s tained from the field, with maximum likelihood
. ™ ® the ARC-GIS environment to identify the

| 5T groups of pixels, which represent various

“nd use of

uth of 4 4895 of interest. this was verified with a ground

Boniy .., e area. The land use were classified into four;

were \:P i Bare-ground, Water and Vegetation which
PPted and presented in a graph.

22 .

In ey

o :Pn Wl Dynamics in Minna 1990-2017
l.it::“h urban sprawl dynamics in Minna, the

Butfer , iMages were divided into concentnic ar-

s, from a point about the center of the

S oy

L T r—_—

Studv area a5 emmploved by Somanta, o o an3
F‘:::‘h used i Bhis research imvolves the
Sy area mio 1S 2ones, which i easity ptable by
model used (relative Shannon's m:w-s\.:ue LN n:‘ h::
Seabibity on bow the study m;gm.\g,;,,;d
that it i< unrestric wted by the number of divisions wsed. ‘

The major variables are relative entropy (En) 25 well
as \*un:e m relative entropy. which were a‘imlmi usng
equation one (1) and theee (3) respectively with the resulte
m\vh\i m graphs, the value for relative eNtropy ranges
from sero () 0 one (1) where 2 value of one mdp.ale
even dispersal of the variable and 2 value of zero ) indi-
Cates minimal dispersion (compaciness). half way between
zero () and one (1) s used 2< 2 threshold % determine
whether the vanable can be described a5 moderately dis-
persed or concentrated. the relative entropy was cakculated
using the formula given by Pedro et al (013)

En=S 3 agici Rein Mm
Where = 15 which is the number of zones
R=XYX @
Where Fi = the density of land development, XI = built up
land in ith zone and TXI. = wotal amount of land in #th
Zone.

Change in relative entropy between two time persads
indicate the magnitude, direction and nature of urban
sprawl occurrence between the time penods. Therefore,
changes in relative entropy values were calculated by sub-
tracting the relative entropy value of the base year from
that of the terminal vear using the formula given by
Thoma- (1981

AEn=3wt+« L =@ U 3
Where, t and t + 1 respectively indicate the base vear and
the terminal year.

The values below one (1) indicates low magnitude,
higher concentration and inward direction of sprawl
while values at one exactly is an indication that sprawl has
remained constant from the previcus year, and values
above one is an indication of high magnitude, increxsed
dispersion and outward direction of sprawl

3 RESULT AND DISCUSSION

31 Analysis of Land use Land cover tread in Minna
:ﬁhﬂ;a in Land use Land cover m Minna from 1990
to 2017 appeared nat to have numl-\med a comsistent pat-
tern, bult up area in 19N was 24% of the total Lm: a:::
and 35% in 2000, it then rapidly icreasad to IQ::; : -
year N0 and #8.2% in 017, _m\u):\g alnu-t n:u“ ’
rotal land arca as depited in higure = ll’ﬂ; n::.auw.bdm
the rapad migration of pnvple w .\lum‘u ue \
ECONOMIC ..Pp.n;mitws being 2 mw.\u:u

ity to the Federal Caputal Temh\f} h :ui e

- Bare ground covered 427% of ¥

wh

he vear _\’.“. \\hl
.md {14 35\ m t i

1990 and then de
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may be due to reduced ht{man activities in some areas
where it existed and the ability of vegetation to regenerate,
by 2010 it rapidly increased to 9.6% due to increased popu-
Jation and human activities, mostly illegal mining around
Chanchaga area indicated in figure 2, dramaiically it re-
duced to 1.8% of the total land area in 2017, largely due to
reduced mining activities, the ability of the vegetation to
regenerate and conversion into built up area.

Fanltag: area - Fare gyoad

—w= \ vy tation Wateq

18000
{16000 A _
13000 \\
112000 R .
10060 .
j 8000
GO0
| 2000 P
| 2000 - X
g R 5
1990 JO00 2010 2017

Figure 2: Land use Land cover trend in Minna 1990-2017.

Water in Minna was covering 0.5% of the total land
area in 1990 and decreased to 0.3% in 2000, this is mainly
due to drying up of most surface water in Minna as a re-
sult of building constructions and dumping of refuse in
stream channels. It have remained constant through 2010
t0 2017 at 0.3% of the total land area as indicated in figure
2, surface water left are concentrated to particular locations
which have witnessed very little human activities.

The vegetation of Minna from 1990 to 2017 have be-
ing decreasing, it is inversely proportional to built up area
as indicated in figure 2, it covered 92.9% of the total land
area in 1990 by 2000 it reduced to 92.3, it rapidly decreased
10 71% in 2010 and by 2017 it is covering 49.7% of the total
land area, due to its conversion into built up area as can be
seen in figure 3 and figure 4.
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Figure 3: The classified image of 1990 and buffer zones
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Figure 4: The classified image of 2017 and buffer zones

3.2 Urban Sprawl dynamics in Minna 1990-2017

The figure 5 depicts variations in urban sprawl and chang-
es in its occurrence from 1990 to 2017, it is indicating that
in 1990 and 2000 the rate of urban sprawl occurrence is
low and is concentrated to some parts of Minna town,
which indicates a compact form of settlement as displayed
in figure 3, while in the year 2010 and 2017 the rate of ur-
ban sprawl occurrence became very high and evenly dis-
persed as can be viewed from figure 4, an indication that
the town is approaching high rates of dispersal from
where it will gradually become compact, generally urban
sprawl have being increasing in its rates of dispersal
throughout the period of study.

33




—— K= <FF

oty sabor. DR D0 1

o S

=0 .

F“ei\‘u\#ﬁv relomve entropy valaes T2

ORI, = = Peps” o~ WY an s R
. & &
" .

-
@
k
8s
>
I8¢ N N 0N By ¥ 1 gt 1 B

Fagare & Ohumges i rebabve entropy vakoes 12017

Fasere & shows chunses in nelative entropy values be-
Sampes i sthan sprawd behuviver implving low magnt-
Sadies Srom 1990 20 2000 amd from NIt 2017, while it has
2 back mogmitade froe N0 10 signifving the highest
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? é-’ De cbserved St the voration ndicates changes
h‘migm Setavour from 190 o0 X0 and its be-
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:j: harh mac wde and an cutward direction of
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m;“ of Sprawi ocomrmence. an indication that urban
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