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Abstract: 1

Many state caprtals toduy in Nigeria are witmessing unprecedented populanons growth o
urbanization that are de ficient in inchispensable tnfraswuctal fuctlities. wrhan planners wia are s
knovvled ge o f fiunre urban groveth and the mules dimensional foctors swhich fus futherto inflienc e o
and cities are unavare of Hem becouse of the ine fficiency of the traditional surveving meted
prevaifing scenario i Nigeria, this paper presems the Capabiline of using Remote Sensing IS vl o s
modeling wrban sprowl along Nimwe Western Bye-pass. Data jor il studv were obigmed gl
satettite imageries. The analysis of field sirvey revealed that Tow price of land. lack of hasie i) e
area. low fevel of envareness af development contral and v level of edueation of mhabiuants e _
Suctars of spranel in these areas. The analvsiy of the tme series spotiol date suclt as. SPCTTIRE v
1993 and Landsat ETM image acquired in 2007 shenes that fow density sprand and vibbon spron |
putterns wlentifiable aud syaonymons 1o this arcas. Comparison of data set for the hvo dates alse o
191 ddacres (774571 H sq. ne), veproxentmg 390% total Taduse clanye over the same period
grew by [ 61 % Spatiol regression analysis was carried outio model the extent of spraw { inihy
linear regression analysis was conducted using ey juciors iden ified (mdepeadent variahiess ane
up (POBUILT ) for each wrea along the Bre-Puss tdependentvariuble) and results shoves thatin
wha relocated becatise of low i price o fand in the study area (LOPIANDE and percemtage o sos
white-collur job (COLLARIOB) conribute more wothe explanaary: power of the model Y ulupicn oo
Sinal- done I regressing LOP LAND, popudaiton of year 207 (Indepemdons varwhle ) and v 0
vetrialife) to fashion out an equation that can forecast fuswre spravl and o v as extablished i (s
will be 3,888 23ucres, which reveals excessive friwre spatial development along the ne- pas

Keywords: Urban sprawl. Remote Sensing/Gl Sand Spatial modeling

Introduction
Nigeria as one of the important countrics m the less developed region o
(united Nation world urbanization project 1990) shares similar urban &
challenges (as other countries in the region) arising from high rate of urs
study by the World Bank (1995), estimates that the population ol Nigenae
doubled by the 21" century. This is reinforced by the fact that where as
population growth rate is estimated by the Bank as being 2.9% that of urbas e
was 5.5% between 1980-1993. The wnprecedented population growss &
particularly in arca along Minna Western Bye-Pass coupled  wirh
developmental activities has had to urbanization which lacks infrastrucioss
The dispersed and compacted unplanned development along the Bye-Pass

country side 18 often referred to as sprawl (Theobald. 2001). The direct s
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such unplanned growth is the change in landuse and land cover ol an arca. ldentification
of level and paticrns of sprawl and analysis is pertinent in the proper planning lor
infrastructural Lacilitics.

Paterns of sprawl and analysis ol spatial changes could be done cost cfficetively and
effectively and cificiently with the help of spatial lechnologies such as Geographical
Information System. The spatial patterns of urban sprawl over dilferent period can be
systematically mapped, monitored and accurately assessed and modeled from satellite
data (remotely sensing data) along with conventional ground data (Leta, Sankar, Krigna,
Badrinath and Reghavaswsing, 2001). Remole sensing can be used separately and
combination with GIS to modeling urban growth. In the case of combined applications,
even though a more complex approach is the integration of remole sensing data
processing, arc analysis, database. manipulation and models into a single analysis
system (Michael and Gabriel 1999). Dilfusion limited aggregation. a form of fractal
based modeling and a physical model used o describe aggregation phenomena. has been
applied © deseribe urban growth ( Balty and Longley 1994), Cellular Automata (CA)
modeling approach tagged as a proper ol tor modeling spatial dynamics is proposed by

Portugali and Benson (1995) and Wu (1998).

luspite ol cffort of researchers on urban growth and sprawl in Nigeria. modelling of
sprawl using remole sensing/GIS and spatial statistics has not been employed.
Therefore, this study uscd remote sensing techniques to investigate the level and pattern
ol sprawl along Minna Weslern Bye-Pass with particular emphases on Sauka Kahuta.
Barkin Sale. Kpakungu and Duiscn Kura Gwari arcas. identify the causal factors of
urban sprawl in the study arca, model the sprawl and suggest the likely future direction

and patlern of sprawling growth.

Description of the Study Arcas

Sauka Kahuta, Barkin Sale. Kpakungu and Dutsen Kura Gwarl arcas all along Minna
Western Bye-Pass lie between latitude 930N 10 945N and longitude 6201, lat. 9"457N
on a geological base of undifferentiated basement complex rock of mainly gneiss and

migmatites. The Bye-Pass is about 11 km west of Minnatown  (Fig. 1).

At the time of this study, the latest population figure for diflcrent arcas within Minna
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township was not available, only encapsulated population fligure for Mima town wa
and therefore the 1991 population census figure was used to projeet for 1993 and 2007 &
3.5% world Bank urban population growth rate for Nigeria(table 1.0). Population i« &

driving factor of urbanization and also serves as the bases of measuring sprawl in thee
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Fig. 1. Minna Street G urde Map showmg the Tecation of the Swdy Arar (Shaded  Srea)

Tables 1.0: Projected populitton of the Sampled Study Area.

Name of Area 1991 Projection Projection
population : 1993 2007
Sauka Kahuta Ry 3,021 (.39
Batkin sale 3,726 A4, 147 ()
Kpakuagu {1298 | B3 0l
Dutsen kera Guearnt 2,059 TR 1850
Total 19,801 22,038 40,035

Saurce: NP (R D proeeted B the durthors gaig % oorld Baek, 33" - when prowth oo (1980 195
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RESEARCH METHODOLOGY

Data Description

Collection of data was done m two phases. This involves primary data collection and
secondary data collection. Primary data include Minna Strect guide map obtained from
Niger state Ministry of Land Survey and Town Planning on scale 1.2500. SPOT HRV
image of the study area with spatial resolution of 20m i multispectral. and 1hn
panchromatic acquired on 15" February 1993, Landsat 7 12TM+ image of the study area
acquired on 23th November, 2007 with spatial resolution of 28.51m in seven bands and
structured questionnaires on socio-economic characteristics of people along the western
byepass which contain enquiries on pull and push {actors of migration to the study area
were used. Secondary data obtained includes demographic information rom National

census figure ol 1991,

Sampling Techniqucs

A set of questionnaire was produced. This was administered o 107 of the total number
of houschold in each of the area along the bye-pass. A systematic sampling techmque
was adopted for questionnaire administration and this was at every 10" house in all the

areas. Questionnaire was administered by oral interview method.

Quantif ying and Modeling Urban Sprawl

The intricacics of urban phenomenon such as sprawl could be betler understood by
analyses ol change in land use over time. Measurement of sprawl was carricd oul by
digitizing the western bye-pass {rom Minna street guide map on scale 1:2500 to gencrate
the boundary of the study arca coverage. Minna SPOT HRV image of 1993 and LandSat
7 ETM+ image of 2007 was imported into ERDAS IMAGINE 8.5 image processing
soltware environment where the georclerenced extracted study arca from the street
guide map was overlaid on the two imageries. The overlay was made possible by
veoreferencing and co-registering the extracted study arca from Minna street guide map
to the satellite images by using the of identifiable ground control points (GCP)

Collected from the ficld with the aid of Garmin 76cex hand held GPS receiver o

The satellite imageries werc enhanced [or easier visual interpretation by applying the

linear contrast stretch with saturation. This was used to generate a false colour composite
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(FCC, (¥ig.2). Training polygons were chosen from the composite images and based
their signatures corresponding to various landuse classes. Supervised  imass
classification was done using minimum likelihood classifier. 'rom the original land &
class in the study arca, the two imageries were classilied into 3 landuse types: Buile-os
Vegetation and open space.

The growth of urban sprawl over a period of fourteen (14) vears for the whole area wae
determined by displaying map of Built-up arca map for 1993 and 2007 side by side o
visualize the spatial change in built-up. A temporal change was obtained by subtraciisg
total area of buili-up in 1993 from 2007, Digital image processing through spatial patos
recognition whercein the spectral characteristics of all pixels in the image was analy ses
and by spatially cnhancing the image, urban sprawl pattern recognition was performed
by visual interpretation. Spatial statistic regression  modeling (Simple Lines
Regression) was applied by using causal factors of urban sprawl as the independentsw i
the percenlage built-up as the dependent variable and linally muliiple variables
regression analysis used for showing the relationship between the dependent variabic

(POBUILT) and the causal factors was used to establish equation for prediction.

{a) SPCYLHIRY, 1993 (b LamddSan 170N 2 2007

Fig 2: Enhanced False Colour Composite Image ol the Study Area
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RESULTSAND DISCUSSION
image Analysis and Interpretation
“he bastc mage processmg technology such as mage extractton. enhancement and
vlassification were applied in this study. The combination of Spot IRV band 1: Green,
3-0.59 micrometer. band 2; Red. 0.61-0.68 micrometre and band 3; Near mfrared,
76-0.89 micrometer and also the combination of Landsat 7 15T+ band 4; Near
afrared (NIR) 0.76  0.90 micrometer. band 3; Red, 0.63 0.69 micrometer and band 2:
Green, 0.52 0.62 micrometer were used to enbance and create a false colour composite
of the mmage. The training polygons chosen from the composite were used to create
sgnatures and based on these stgnatures. corresponding to the origmal land use
classification in the study area: supervised image classilication was done using
maximun likelihood classifier (a suong classilier with high susceptibiiity (o wramning stie
used 0 evaluate the likelihood that cach pixel belongs lo one of these classes). In thts
case, spaual classes of homogencous representative samples ol information class
referred 1o as training arca were selected and assigned three landusc classes namely:
Butlt- up, vegetation and open space. The numertcal information in all spectral bands tor
the pixel comprising the areas arc used to “train™ the computer o recogmize spectrally
similar area for each class using special program or algorithm (o determine the numerical
“signature” for each training class. The classilied Spot HRV and 1.andsat [1M image are
shown in Fig.3 respectively. From the classified tmage, the area under built-up(see lig.4)
for each zone was computed and the result shows that 2007 arca coverape for Sauka
Kahuta. Barkin Sale, Kpakungu and Dutsen Kura Gwari are 242,62 acres. 232.4 acres,
215.14 acres and 124.84 acres respectively. which summed up o 815.01 acres tor the
study area. The 2007 built-up for Sauka Kahuta. Barkin Sale, Kpakungu and Dutsen
Kuran Gwari are 138.56 acres, 135.70 acres. 127.98 acres and 111.54 acres respectively,
which also summed up to 313.78 acres. The butlt-up lor 1993 is 322.38 acres and hts
indicate that the percentage spattal expansion in butli-up in 1993 is 41 %. while the
percentage spatial expansion in built-up in 2007 1s 65% of the total area of the study arca
coverage. Phis connotes that the percentage change in butlt-up from 1993 to 2007 is 59%
compare to the percentage change tn population growth from 1993 2007 which is
tH1.61%. Analysis shows little tncrease in per capital land consumption over the decade
and this tells that though there is sprawling growth, the growth is not excessive. Through

digital image processing. paticrn recogniuon was carried out by spaually enhancing the
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images and (wo paltterns ol wrban sprawl were recognized by visual interpretatios
considering pattern as element of interpretation. These patterns are: Low density spraw:
pattern and Ribbon sprawl. Low density sprawl pattern are found to the far west of the
study arca particutarly in Sauka Kahuta, Barkin Sale and Kpakunpu. It ocewrs oo
relativety consumptive use ol tand that lack facilities/utilities. Ribbon sprawl pattern
seen as development that [ollows the part close {0 edges of the western bye-pass whese

tand is devetoped haphaz.ardly and lack proper accessibility.

LESELD

BN Corop Gres
I Gpen Space
B /agutation
Jn'” T _— - ;rlirr— e
(MSPOTHRY. 1993 By LandSat 71: I8N+ 2007

Fig 3 Landuse NMap of the Swdy Asea
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B ailtup siea

ITrrrT L4
il

(@  Built-up Area in 1993 (b Buit-up Arca m 2007
Iig <k The Extend of Urban Sprawd i (he Study' Arca

Analysis of Field Data (Questionnaire)

The result of analysis of questionnaire revealed that about 56% of inhabitant of the study
area relocated from Minna CBD and other neighborhoods because ol easy access to
cheap land and the remaining 44% that migrated from the villages did that in search for

white collar jobs and other [acilities that are lacking in the villages.

Research [indings indicates that 774 of residents of the study arca are not aware of
development control and this signifies that there is very Jow level of awareness ol urban
planning law and development control standards. Most ol the inhabitants do not have
building plan lor their houses and fesy that have never seek for building approval and

their reasons been the delay in its approval process.
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Urban Sprawl Modeling

From the adopted Spatial Regression Modeling atter Wu (1998) and Ych ct al. (2001). the
lollowing variables considered as the causal factors of sprawl in the study arca were used
to model the spraw] effiect. This includes:

(a). Population ol the areas (172 P07).

(b). Population density of Arca' A’ (Po D A). and population density of Arca B' (Pal)i3).

Other key factors that brought about haphazard development n the study area as
revealed Ivom ficld analysis were also used. This are:

(c) Low price of land in the study area (J.OPLAND)

(d) Low level of awareness of development control (LOA ).

(e) Unavailability of building plan and

() Drift from villages in search for white collar jobs (COLARJOI3),

The percentage built-up (POBU/LT) is the proportion of the built-up to the Lotal area

the zones. The population density 'A' (Po DA) is the proportion of the population ey e

zone (area) o the built-up area of the zone. The population density "B’ (PoD13) 1s tw
proportion of the population every zone to the total arca of that zone. The casua
factors/parameters of urbanization such as population.'A" and '3* population density an
other key casual factors of sprawl as revealed from questionnaire analysis were analyzed
by simple regression analysis with percentage butlt-up (POBUILT) as dependen

variable,

The result of regression as shown in table 2.0 reveals the independent variables that p

significant role in sprawl development in the study area.
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Table 2: Corrclation Coefficient anorg Causal Factors and Percentage Built-up by Linear
Regression Analysis

Dependen | Independent Regression Cocfficent  of | Cocfficient
t Vartable (x) Equation Dete rmination(l’ | of
Variable( % Correlation
hy) (r)
POBUALT | POP (2007) v=76.49 — | 9.0961 (.3100
(.0009x
POBUILT | Pop.Densit y y=71.72 00629 | 0.1035 0.3217
MPoDA) i
POBUALT | Pop.  Densty B | y=09.58 0. 0340 01844
(PolI3) (06285
POBULLT | % of  migrant
because of access to | y=105.66 — | 406437 0.8030
cheap fand | 0.5840x
(LOPLAND)
% of low level of
POBUILT | awarcness of dev't | y=152.16 ~ | 06250 0.7906
cotrol (1O 4T 160X
Yo of people who
POBUILT | migrated in scarch of | y=111.09 0. G40 0.7770

jobs(COLARIOL3) 142X
Source: Authurs Field Analysis 2007

Coellicient of determination (r') is the proportion of the total variation in 'y explain by
the regression y by 'x’ and ranges from Oto 1. The correlation cocificient 't ranges Irom -
1 to+1 and indicates the direction of the relationship. The higher the value of (r). the
more it explains the variation in dependent variable (POBUILT) as influenced by the
independent variables, The ligh correlation coctticient from the analysis therelore.
revealed that low price of land. low level of awarcness of development control and
migration in scarch [or white collar jobs played signilicant roles in the increasing urban
sprawl phenomena in the study arca. Summary of the regression analysis is show yin the
appendix

[n assessing the cumulalive eflizet of causal factors by considering more variables. more
factors were [urther regressed using Multiple Regression Analysis Model However.
since LOPLAND cgnlribulcd mote to the variation in (POBUILTY of the model apd
population s a dri-ving factor of sprawl proliferation. LOPLANTY and POPO7 was

considered for multipte regression modeling and the probable relationship is:
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POBUILT (y) = 1 3.48 + 0.00055 (POPOT) 0.7925(LOPLAND) -mmmememmeeeee
Egn. (1)

Where the Correlation Cocellicient (r) = 0.8998. the unadjusted and adjusted
coellicient of multiple determination r and r-" arc 0.8097 and 0.4291. This reveals tha
the amount of variation in y (POBUIL T) as accounted lor by population (POP0O7) x, and
(POPLAND) x, is 42.91 %.

Forecasting the Scenario of Urban Sprawl
Based on the urban population growth rate ol 5.5%. the urban growth rate of the study

area was calculated thus:
b,
Urban growth rate U =» }—' -1
]
|

Wiere b= Built-up for 2007

b= Built-up for 1993

a = Number of years bt ween the dates
Therel ore;
13.78
{h=14 4 w1
3038

Ur = 10.7%

Forecasting built-up for year 2021, the total area ol the study arca was projected by using
the simple lormula.
a, =a,Ur +1)
Where. a, = Area Coverage of the study area at a fulure date.

a, = Area Coverdge of the study area a the present date.
a, 2007 =815.01 acres,
g, 2021 =815.0F (10.79%+ )"
a, 2021 = 815.01 (4.20)
a, 2021 = 3423.04 acres
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The population and total arca projected for year 2021 was substiluted in equation (1)

thus:

PORUILT = H3A8 - (100055 (POP2021) 07923 (1LOPLANI DY) e~
Eqn. (2)

Percentage of those who relocated to Sauka Kahuta, Barkin Sale, Kpakungu and Dutsen
Kura Gwari because of low price of land (LOPLAND) are 66.71. 93 and 44 respectively
and therefore. the average of (LOPLAND) for the four areas that make-up the study area
=66-+71 +93 1 44/4 =68

Projccted population for year 2021 = 98.082

Substituting 98.682 and 68 in cquation 2. we have.

POBUILT (2021) =113.48 + 0.00055 (98, 682) 0.7925 (6]
Percentage built-up arca for year 2021 (POBUILT2021)=113.59%,
Let' X' be built-up area For202 1:

POBUILT202] = e . X100
Area2021

113.50.X3423 04
(v)=

00
(x)= 3.888.23 acres

Using the new relationship in equation 2. it was found that the percentage butlt-up for
2021 is 113.59% and built up is 3.888.23 acres which exeeed the total area in acres of the
study area projected for 2021 This indicates that with high relocatton of people 1o the
study area in recent times, the pressure on land would continue 10 inercase as ever and lhe:
agricultural fields. open spaces and water bodies would be prime targets {or sprawd

development.

Recomimendations
Based on the results of the research {indings. the {ollowing recommendations were

made:
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1. Public enlightenment campaign is very crucial to any veritable development &
far as adherence o development control standards are concern. Niger State Urbas
Development Board (NUDB) should be charged with that responsibility and this cas
only be achicved where the board organize lectures in languages the inhabitants w
understand better. W educate them on the need for development o conform 0 masier
arca and local plan. production and approval ol building plan and also to make thes
understand the menace of poor physical planning.

2. The Board should make provision for sufficient vehicles which town planncs
and aflied proficssional would use to move around all arcas in Minna wwn tocas
menitoring of physical development so as to ensure ad herencee to plan.

3. NUDD should produce layout for land in the study area vet o be developed and
ensure  that developers' actions strictly  conform o layout plans so the
accessibility will be tmproved.

4. Government should provide infrastructures such as roads. lavout pipes e
ellicient water supply and clectricity i form ol site and service scheme
encourage and case development in the study arca. so that future developmess

will align with available utifities and factlities.

Conclusion

Remote sensing/GIS and spatial statistic has been proved to be a very eltficient tols. =
monitoring and analysis of multitaceted dynamics of our urban environment as it
evident m the study area that i vear o come. Spatial development will oceur in
unprecedented manner and ouwr ccosystom will be prime target o its negatie
conscquences. Therefiore futire scope of this wark should venture into generating 1
imageries of further spraw] [rom satellite images finer spatial and spectral resolutios
under difficrent scenario and subject them to unsupervised classilication to undersiand

any threat to natural resource and ecosystems.
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Appendix I: Sumnxny of Sinple Regression Analysis of POBUILT and POPO7

Z\‘m -
h= o p=Gh, x=11659

Z\I
> =305874171 Dt =T0. Y i =-275909. ZIJ-—_:-J =80, Thus

275900
305874171

Siple regresion equlion 8 y=at/n. whoe u—1 -hx.

h=-0.0009and, «=06—( -0.000).659. «=76.49. The sinple rpresscn

]
b b o BHAD o et ey
Z( J 710
J=¥
r=-JO06L. +=03100

Appendin H: Summary of Multipk Regression Analysis of POBUILT, FOPO7 and POPLAND

equation  is y=7649-00000x, 7 =1~

Multiplc regression  equabion s g8 -t ook, 128 where a-=v-h,x- bh,v.. v =H63Y9and

xz =08

Bk Calinn) , _Eadin’) Calan)
E.,, E\‘,' )-@.\'h.\’_.,)‘ e (Z ‘u-:h:"~-:) X )

_ £ 275909X1367) (- 777X559489) B = 00003
(305874t71X1367)—(559489)

1

(=777 XA05874 471} (= 275909X3559489).
I (0s874171(1367)-(559489)

Thus, a= 66-0.00055(1L659 )+ (1.7925(08). « = 11348

i Ao = =7

Multiple regression equation is v = 1318+ (L0530, -0.7925v,

z x -
" o 3 . B33 '
ﬁ(\-— l') =\ 8e, [ 2. (l‘ - r] = Uik ™ = 133.13 o = B097. = JU 09T . r 08008
2 s 4 § &= 3

710
Ihe adpusted Coellicient at el iple determinations: = | (.I e — B
s

~ P8 08097{4_1]_ = 0.4291
4= 3
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