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1\/any statC! CO/Jitafs today in ,\'igeria are wil11l'ss111g llllf"'<'<'l'de11ll'd populonons gru1rll1 and 
nrbanizcnion rltot ore deficient in indsspensuble intrnstrnctnmlfucilities. 11rha11 p/01u1t•rs 11·/,n an: 
knowledge 0JI111111v 11rba11 gro, vth and the 11111/ti di111e11s1011nf Ji1ctors which ha.\ tntheno i11//11e11, t' , 
and cities are 1111a11·are of the 11, because uj' the i11e.f}i1;il•11c:1· of the nadtnonot surveying 111t·ti· 
prevusling scenario in :Vig,,ria. this poper presents the Copabthtv '?/ Using Ne111ole Sensing ( ;is d r 
model 111g 11rbt111 sprnwl o/011g ,I li1111a II 'i.•sll!rll ttyv-poss. /)ataJor 1/111 studv 11·t1n' ol11a111ed !l1n11,\! 
satellile imageries. Tlte analysis nffield survey ,·e,·eoled tit at f 01r price oj'/ancl. lack of ha.111 111 i 
area. loll' level cf uwureness ofdevelopment contro! a11cl loll' h•,·el of educuuon of 111bah111111n 11, 

factors of sprawl i11 these areas. The anulvsis 0.(1/,e 11111t• senes spntinl dala such 11s. SI'( JI I IH 
/993 and Landsat E7:1t image acquired i11 2007 s/1011'.f that low de11si(1' sprawl and rihbo11 x1,n111 
patterns 1de11tijiahh• a11d sy11011y111011.1· 10 this urvas. C 01111uwiso11 '!(clo1a sef for the 11,·o dntes a/,,. 
19 / .JO OtT('S (77 . .J5 71. I./ sq. 111.). rt'JJ1"t•.1·e111111g 59'!{, total !1111d11.11• cl11111gt• 111·er 1l1t' .1·11111(' /ll'l'lt>d 
grew by I I/ 61 %. S/Jalial regression anulysss II as corned 011110 model 1/ie extent o/ .111n11, I 1111/Jt 

linear regression analysis \\'OS conducted 11si11g key tuctors id,•111 if ierl (111tle1u•11de111 1·llr1,,l1/es, a11, 
up (POBU/LT) for each area a/011g the Hve-Pnss tdeJJf!llde1111·arit1hleJ 1111d results .�hoir.1· 1/1a111,. 
who relocated because oflow 111 price of land i11 the st 11,�1· area I L(J/' f •. ·I ,\ J)J 1111d Jlerce111agt• ,,. 
white-collur job ((·,)LI.A l?JOJJ) contribute 111on! 1, 11 lie e.,pla11111on · 11011·,•r 0/ 1/ie 111r1d1•/ .I /11/11/l t 

final �1 · Jone l�l· regressmg LOI' l .. ·I 1\'f). pop11la11011 of .J'r!CIJ" JllfJ 7 I I 11dl'/ll'lldc111 n11·111hll' I 011d I 
variable) tofashion 0111 a11 equation that cunfiwecust /11111n.' .fJ1n11rl a11d 1/ 11 "·' 1•.,·1ohlnllt'd 1ho1 • 
1ril/ be 3. 888. 2 lucres. which reveals esce sstve] 111,wc• spa Ila/ dt• vvl 0/111/l'llf along ! ltC' /�1 e- J 10.11· 

Abstract: 

Keywords: Urban sprawl. Remo le Sensing/GI Sand Spatial modeling 

Modelling Urban Sprawl along Minna Western Bye-Pass Using 
Sensed Data 

IJala Banki M. (MNITI') and Musa, llaruna I>. (MNITI', RTI', MNES. 
Department or Urban and Regional l' lanning. Federal University Tcchnok = 

Niger State 
mbbanky@yahoo.com and musharrv(ii'>yahoo.com or 111usaharu1wd1<1 futm 

Introduction 

Nigeria as one of the important countries 111 the less developed rcgior 

(united Nation world urbanization project 1990) shares similar 

challenges (as other countries in the region) arising from high rate or ur 

study by the World Bank ( 1995). estimates that the population or Nig ·r 

doubled by the 2 1 "  century. This is reinforced by the fact that where 

population growth rate is estimated by the Bank as being 2.9% that olur 

was 5.5% between 1980- 1993 .  The unprecedented popu lation grow 

particularly 111 area along M inna Western Bye-Pass coupled "•  

developmental activities has had lo urbanization which lacks infrastru 

The dispersed and compacted unplanned development along the Bye-Pa 

country side is often referred lo as sprawl (Theobald. 200 I ) .  The direct 
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At the time of this study. the latest population figure for different areas within Minna 

Description of the Study Areas 

uuka Kahuta. Bark in Sale. Kpakungu and Dutson Kura Gwari areas all along Minna 

Western Bye-Pass lie between latitude 9"JON to 9''45N and longitude 6"201:. lat. 9".J57N 
' on a geological base of undifferentiated basement complex rock of mainly gneiss and 

migmatitcs. The Bye-Pass is about 1 1  km west of Minna town (Fig. I )  .  

f\l.·\Jt\SSI 111111· 20101 \'nl.X No.I 

such unplanned growth is the change in land use and land cover ofan area. Identification 

of level and patterns of sprawl and analysis is pertinent in the proper planning for 

infrastructural facilities . 

Patterns of sprawl and analysis or spatial changes could be done cost effectively and 

effectively and efficiently with the help of spatial technologies such as Geographical 

Information System. The spatial patterns of urban sprawl over di tfcrent 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, 200 I ) .  Remote 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 remote sensing data 

processing. arc analysis. database. manipulation and models into a sing le analysis 

system (Michael and Gabriel 1999) .  Diffusion l im i ted aggregation. a form of fractal 

based modeling and a physical model used to describe aggregation phenomena. has been 

applied to describe urban growth ( Balty and Longley 1994) Ce l lular Automata (CA) 

modeling approach tagged as a proper tool for modeling spatial dynamics is proposed by 

Portugali and Benson (I 995) and Wu ( 1998) .  

lnspite of effort of researchers on urban growth and sprawl in Nigeria. modelling or 

sprawl using remote sensing/GIS and spatial statistics has not been employed. 

Therefore. this study used remote sensing techniques to investigate the level and pattern · 

of sprawl along Minna Western Bye-Pass with particular emphases on Sauka Kaluna. 

Sarkin Sale. Kpakungu and Dutscn Kura Gwari areas. identify the causal factors or 

urban sprawl in the study area. model the sprawl and suggest the l ike ly future direction 

and pattern of sprawling growth. 
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'I'a blcs 1.0: Projected popuhuon of the S:1111pkd Study .\rca. 

1:ig. l . 1\fin uu Street ( ;  uick- 1\fap �h,,wing the 111c1tk,11 11( the .Siutl�· . \re, {Shaded \rca) 

I 

. 

' ' 

/U11tfelfi11:: Urh1111 Snmwt 11/1111,: 11/i1111t1 II i·.,1,·r11 l�r,•-!'11.u 11.\ing ll 1•1110/l'�I" S,•11\1•(1 IJ11111 

township was not available, only encapsulated population figure for Minna town 

and therefore the 1991 population census figure was used to project for 1993 and 20f - 

5.5% world Bank urban population growth rate for Nigeria(tablc I .OJ. Population 

driving factor of urbanization and also serves as the bases of measuring sprawl in 

research 
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Name of Arca 1991 Projection Projection 

population 1993 2007 

Sauka Knhuta '2,7 17 3,0'2·1 (,,J9<) 

Batkin sale 5,726 -1, 1 - 1 "  8,--6 

Kpakungu I 1.'2t)8 12.:1-:, 2(1 ,(, 1 1 1  
I 

Dutsen ku ru (j\\·:1n 2,(J)IJ 2,21J2 1.8�() 

Total I 9,800 '22,UJ8 ·I<> ,(>3:i 

. . .  .. .  
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RESEARCH METHODOLOGY 

Data Description 

Collection of data was done in two phases. This involves primary data collection and 

secondary data collection. Primary data include Minna Street guide map obtained from 

Niger stale Ministry of Land Survey and Town Planning on scale 1 .2500. SPOT I IRV 

image of the study area with spatial resolution of 20m in multispectral. and 10111 

panchromatic acquired on 15'" February 1993 .  Landsat 7 [TM+ image of the study area 

acquired on 23th November. 2007 with spatial resolution or28.5111 in seven bands and 

structured questionnaires on socio-economic characteristics or people along the western 

byepass which contain enquiries on pull and push foe tors of migration to the study area 

were used. Secondary data obtained includes demographic i n l o rm a t io n  Ii-om National 

census figure of 1 9 9 1 .  

Sampling Techniques 

A set of questionnaire was produced. This was admin istered to I O'Yo or the total number 

of household in each of the area along the bye-pass. A systematic sampling technique 

was adopted for questionnaire administration and th is was at every IO"' house in all the 

areas. Questionnaire was administered by oral interview method. 

Quantifying and Modeling Urban Sprawl 

The intricacies or urban phenomenon such as sprawl cou ld be belier understood by 

analyses of change in land use over time. Measurement or sprawl was carried out by 

digitizing the western bye-pass Crom Minna street guide map on scale I :2500 to generate 

the boundary of the study area coverage. Minna SPOT l·IRV image or 1993 and LandSat 

7 ETM+ image of 2007 was imported into ERDAS IM/\GINI� 8.5 image processing 

software environment where the georeferenced extracted study area from the street 

guide map was overlaid on the two imageries. The overlay was made possible by 

gcorclcrcncing and co-registering the extracted study area from Minna street guide map 

to the satel lite images by using the or identi fiable ground control points (GCP) 

Collected from the field with the aid or Garmin 76cx hand held GPS receiver lo 

The satellite imageries were enhanced for easier visua l interpretation by applying the 

linear contrast stretch with saturation. This was used to generate a false colour composite 
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Fig 2: Enhanced False Colour Composite Image olthc Study i\rca 
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(FCC, (Fig.2). Training polygons were chosen from the composite images ,111d has; 

their signatures corresponding to various landusc classes. Supervised irr 

classification was done using minimum likelihood classifier. From the original lane 

class in the study area, the two imageries were classified into 3 landusc types: Butli 

Vegetation and open space. 

The growth of urban sprawl over a period of fourteen ( 1 4 )  years for the whole area 

determined by displaying map of Built-up area map for 1993 and 2007 side b) si , 

visualize the spatial change in built-up. A temporal change was obtained by subtrac 

total area of built-up in 1993 from 2007. Digital image processing through spatial pat ,  

recognition wherein the spectral characteristics or a l l pixels in the image was anal� 

and by spatially enhancing the image, urban sprawl pattern recognition was perform, 

by visual interpretation. Spatial statistic regression modeling (Simp le I . in, 

Regression) was applied by using causal Iactors or urban xprawl as the independent" 

the percentage built-up as the dependent vnriablc and lina l ly mu l t ip le variab .• 

regression analysis used for showing the relat ionsh ip between the dependent varia 

(POBUI LT) and the causal factors was used to cstahl ish equation lor prediction. 



ESUl;J'SAND DISCUSSION 
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11 foth•l/i11g l trbon S11r1111'111!1111g it fi111111 II i•'i/!'r11 l�n··l'fl.'i., t f.,ii,.t: Hn1101,·�r Sensed /J111t1 

age Analysis and Interpretation 

e basic image processing technology such as image extraction. enhancement and 

. assification were applied in this study. The combination of Spot I IRV band I :  Green, 

5-0.59 micrometer. band 2; Red. 0.61-0.68 micrometre and band 3: Near infrared, 

76-0.89 micrometer and also the combination or Landsat 7 l·TIVI+ band 4; Near 

-ifrared (NIR) 0.76 0.90 micrometer. band 3; Red. 0.63 0.69 micrometer and band 2: 

urecn, 0.52 0.62 micrometer were used lo enhance and create a false colour composite 

f the image. The training polygons chosen from the composite were used to create 

rgnaturcs and based on these signatures. corresponding to the original land use 

.lassification in the study area: supervised image classification was done using 

taximum likelihood classifier (a strong classi lier with high susceptibility to tra ining site 

ed lo evaluate the l ikelihood that each pixel belongs lo om: or these classes). In this 
ase, spatial classes of homogeneous representative samples or infornuuion class 

referred to as training area were selected and assigned three landusc classes namely: 
Bu i l t- up. vegetation and open space. The numerical information in all spectral bands for 

the pixel comprising the areas arc used to "train .. the computer to recognize spectrally 

similar area for each class using special program or algorithm lo determine the numerical 

.. signature" for each training class. The classi lied Spot I !RV and Landsat ETM image are 
hown in F ig .3 respectively. From the classi lied image. the area under bui lt-uptsee lig.4) 

for each zone was computed and the result shows that 2007 area coverage for Sauka 

Kahuta. 13arkin Sale, Kpakungu and Dutson Kura Gwari are 242.62 acres. 232.4 acres. 

2 1 5 . 1 4  acres and 124.84 acres respectively. which summed up lo 8 1 5 . 0  I  acres for the 

study area. The 2007 built-up for Sauka Kaluna. 13arkin Sale. Kpakungu and Dutscn 

Kuran Gwari are 138 .56 acres, 135 .  70 acres. 127.98 acres and 1 1 1 . 5 4  acres respectively. 

which also summed up to 5 13 . 78  acres. The bu i l t-up for 1993 is 322 .38 acres and this 

indicate that the percentage spatial expansion in built-up in 1993 is 4 1  %. while the 

percentage spatial expansion in built-up in 2007 is 65'Yu or the total area or the study area 

coverage. This connotes that the percentage change in bu i lt-up from 1993 lo 2007 is 59% 

compare to the percentage change in population growth from 1993 2007 which is 

1 1 1 . 6 1  %. Analysis shows little increase in per capital land consumption O\'Cr the decade 

and this tells that though there is sprawling growth, the growth is not excessive. Through 

digital image processing. pattern recognition was carried out by spatial ly enhancing the 
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(a JSPOTI IRV.  1993 

images and two patterns or urban sprawl were recognized by ,·isual intcrprctati 

considering pattern as element of interpretation. These patterns arc: Low density spra 

pattern and Ribbon sprawl. Low density sprawl pattern are found lo the far west oft 

study area particularly in Sauka Kahuta, llarkin Sale and Kpakungu. It occurs 

relatively consumptive use or land that lack I a c i l i t i e s / ut i l i t i c s .  Ribbon sprawl pattern 

seen as development that follows the part close lo edges of the western bye-pass wh 

land is developed haphazardly and lack proper accessibility. 

P a g e !  240 



mcrpretau 

-rhit� pra 

rr west oft 

II occur 

ml p.utern 

... <pass \\ !'k. 

m·���--,---, 

o --co 

(a) Built-up Area in 1993 ( b) 111 ill-up Arca in 2(XJ7 

·.·.v·, 

Fig 4: ·1 he Extend or Urban Sp,1',I in the Sudy 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 of easy access to 

cheap land and the remaining 44% that migrated from the villages did that in search for 

white collar jobs and other foci I ities that are lacking in the vi II ages. 

Research findings indicates that 77°/o or residents of the study area arc not aware or 

development control and this signifies that there is very low level of awareness of urban 

planning law and development control standards. Most or the inhabitants do not have 

building plan lor their houses and Icvv that have never seek 1,,,. build ing approval and 

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

From the adopted Spatial Regression Modeling after Wu ( 1998) and Yd1 cl al. (200 I ) .  the 
following variables considered as the causal factors or sprawl in the study area were used 
to model the sprawl effect. This includes: 
(a). Population of the areas (l'OPU7). 

(b ). Population density or Area' A' (Po DA). and population density of Arca 13' (l'o/)IJ). 

Other key factors that brought about haphazard development 111 the study area a 
revealed from field analysis were also used. This are: 
(c) Low price ofla�cl in the study area (l,0/'L!I ND) 

( cl) Low level of awareness or development control (LOA W). 

(e) Unavailability of building plan and 
( f) Drift from vi llages in search for white col larjobs (COLARJOIJ). 

The percentage built-up (PO!JUILT) is the proportion of the built-up lo the total areal 
the zones. The population density 'A' (Po DA) is the proportion ofthe populat ion inc ,  cr: 

zone (area) to the built-up area or the zone. The population density 'B' (PoDIJ) is th,_ 

proportion of the population every zone lo the total area or that zone. The casu, 

factors/parameters of urbanization such as populat ion . '/\ '  and '13' population density an., 

other key casual factors of sprawl as revealed from questionnaire analysis were analy,« _ 

by simple regression analysis with percentage built-up (POBUILT) as dcpcnder 

variable. 

The result of regression as shown in table 2 .0 reveals the independent variables that pl.; 

significant role in sprawl development in the study area. 

Table 2: 
Regressi< 
Depend; 
t 

Variable 

POBU!l. 

l'OIJU/1. 

POBUJL 

POBU/l 

POBUJ1 

POBU/, 

CoelTici 
the regrr 
I t o + !  
more it 
inclepen 
revealer 
migratic 
sprawl I 

appendi 

In asses 

factors 
since L 

popular 

conside 
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Source: Authors Fidel Analysis, 2007 

Table 2: Correlation Coefficient armrg Causal Factors anl Percentage lluilt-up by Linear 
Regression Analysis 

Coefficient ofdetcrmiuation (r") is the proportion or the 1ou1I variution in 'y' explain by 
the regression y by 'x' and ranges from Oto I .  The correlation coefficient 'r' ranges from - 
I t o +  I  and indicates the direction or the relationship The higher the value or (r). the 
more it explains the variation in dependent variable (l'CJ/JU!Ll') as influenced by the 
independent variables. The high correlation coefficient from the analysis therefore. 
revealed that low price of land. low level or awareness or development control and 
migration in search for white collar jobs played signilicant roles in the increasing urban 
sprawl phenomena in the study area. Summary or the regression analysis is show n in the 
appendix 

Depend en Independent Regression Cocfli cie nt of Coefficient 

t Variable (x) Equation !)etc nnination(r of 
Va1iahlt( '> Correlation 

v\ (r) 

POBU!Ll' POI' (2007) y=76.49 - (HJ% I 0 .3100 
0 0009., 

l'OIJUIIJ l'op. Dcnsit )' y=7 1 .72 0.062() 0 . 1015 0 .3217 
A(l'uDA) x 

l'OBUJLT Pop. Density 13 y=69 58 - 0 03'10 0 . 184" 
(l'ulJIJ) 0.0628x 

POBUJJJ % or 111igrart 

because of access to )=105.66 - 0.6-137 0.8030 
clcap land 0.5840x 
( !.Ol'VIND) 
% or low lcve] of 

PO!JUILT awareness of devt y= l5 2 . 1 6  - 0.6250 0 7906 
control (!DA f·J) I .  I(,().'( 

'Vo or people who 
POIJUILT migrated in search of v= 1 1 1 . 0 9  -  0. (,0'10 0.7770 

job�COLAIUOJJ) l . 1'12x 

J dcpe -- 

iabl 'S that� 

.11. ( 2 0 0 1  ). ib. 

B' (/'oOIJ> 

irca were LL�- 

l'oD/Ji i, 

1 •. The a, 

. ,n dcnsii 

re total are .. 

ilatiun in c • 

In assessing the cumulative effect or causal factors by cons idering more variables. more 

factors were further regressed using Multiple Regression Ana lysis Model. 1 lowcvcr. 

since LOP LAND contributed more to the variation in (PO/JUIU') of the model and 
' population is a dr iving factor of sprawl p ro l i f e ra t i o n .  /,()/'/,;/N/J and 1'01'07 was 

considered lor multi pie regression modeling and the probable relat ionship is :  
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PO/JU n.r () ') = II 3. -18 + 0. 00055 (P0/'07) 0. 7Y 2 5 ( LOI' LAND) ---------------- 

Eqn. ( I )  

Where the Correlation Coefficient (r) = 0.8998. the unadjusted and adjusted 

coefficient of multiple determination r' and r-' arc 0.8097 and 0 .4191 .  This reveals that 

the amount of variation in y (POBUILT) as accounted for by population (1'01'07) x, and 

(POPLAND) x, is 42. 9 1  %. 

Forecasting the Scenario of Urban Sprawl 

Based on the urban population growth rate of 5.5%. the urban growth rate of the stud, 

area was calculated thus: 

Urban growth rate U- = 11� 

Where h
2 
= Built-up for 2007 

b, = Built-up for 1993 

11 = Nunfxr ofyeas bet ween the dates 

Therefore: 

U -= l4  513.78 - I  
322.38 

l/r 00 I 0. 7CJX, 

Forecasting built-up for year 2021,  the total area or the study area was projected by using 

the simple formula. 

Where: o
2 

= Area Coverage of the study area at a liuurc date. 

a, = Arca Coverage of tbe study area at the present dale. 

a, 2007 = 8 15 . 0  I  acres. 

a, 2021 = 8 1 5 . 0 1  ( 10 .79%+ I)'·'  

a, 2021 = 8 15 .0 1  (4.20) 

a, 2021 = 3�23.04 acres 

The po 

thus: 

Eqn, (, 
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Projec 
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The population and total area projected lor year 2021 was substituted in equation ( I )  

thus: 

1'0/JUIL'f' -' 113.-18 1  U IIIHJ55 (/'01'20:! I) II. 7925 (/,()f'!J/N/)J ---------------- 

Eqn. (2) 

Percentage of those who relocated lo Sauka Kuhutu. Burkin Sak. Kpakungu and Dutscn 

Kura Gwari because of low price oflancl (LOPL.IND) arc 66. 7 1 .  93 and 44 respectively 

and therefore. the average of(LOl'LANO) lor the lour areas that make-up the study area 

= 66 + 7 1  I-  93 ·I 44/4 = 68 

Projected population for year 2021 = 98.682 

Substituting 98.682 and 68 in equation 2. we have. 

POBUILT (202 /) = If 3. -18 + U 00055 (98, 682) U 7925 (68J 

Percentage built-up area for year 2021 ( f'()/3 UIIJ202 I ) = 1 1 3  .59% 

Let' x' be bu i ll-up area for202 I :  

x  
POBUJL7202/ = XIUO 

An,a202 I 

I I 3.59X3423.04 
(v) 

1-00 

(v )= 3,888.23 acres 

...... t\..·d 

U s i n g  the new relationship in equation 2. it was found that the percentage bu i l t-up  for 
2 0 2 1  is 1 1 3 . 5 9 %  and bui lt up is 3 . 8 8 8 .23  acres which exceed the total area in acres of the 
study area projected for 2 0 2 1 .  T his  i nd i c ates that with high relocation of people lo the 
study area in recent times.  the pressure on land would contin ue to increase as ever and t h e .  
agricultural fiel d s ,  open spaces and water bodies would be prime targets for sprawl 

development. 

Re com 111 end at i o n s  
Based on the resu lts  o f  the research f i n d i n g s .  the f o l l o w i n g  recommendations were 

made: 
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I .  Public enlightenment campaign is very crucial to any vcritublc development 

far as adherence to development control standards arc concern. Niger State l!r 

Development Board (NUDB) should be charged with that responsibility and this 

only be achieved where the board organize lectures in languages the inhabitants , 

understand better. to educate them on the need Ior development to conform to ma, , 

area and local plan. production and approval or building plan and also to make th 

understand the menace ofpoor physical planning. 

2. The Board should make provision Ior sufficient vehicles whicl: town plann, 

and allied professional would use to 1110,·c around al l  areas in Minna t(J\\ n toe 

111011 i tori ng or ph y sica I dcvc I opmcnt so as to c nsurc ad hcrcncc to pl an. 

3. NUDB should produce layout for land in the study area yet to be developed 

ensure that developers' actions strict ly conform to layout plans so I 

access ibil ity w i l l  be improved. 

4. Government should provide infrastructures such as roads. layout pipes 

efficient water supply and electricity in form or site and service scheme 

encourage and case development in the study area. so that future dcvcloprn, 

wi l l a l ign with available uti l i t ies and luci l i t ic» .  

Conclusion 

Remote sensing/GJS and spatial statistic has been proved to be a very effic ient tooL 

monitoring and analysis of multifaceted dynam ics of our urban environment as it 

evident in the study area that in vcar to come. Spatial development wil l  occur in 

unprecedented manner and our ecosystem will  be prime target of its ncgat 

consequences. Therefore future scope of this work should venture into generating 

imageries of further sprawl from satellite images liner spatial and spectral resoluu 

under different scenario and subject them to unsupervised classification to undcrst 

any threat to natural resource and ecosystems. 
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, (rl 1 . 80  
r = - - .  

710 

d l' l i.: r 1 1 1 i 1 1 a t i 1 1 1 1 r :  ·= I -(1  

= O.X097.  r  =  � .  ,. =-11.XlJ'JX 
7 I O  

I  J 5 .  I :!  

1 1 1 u l 1  iph: 

= - - . r ·  

hi = 

h
1 

= O.tHIIJ55 

or 

r2 = I 

L)-;2 = 7IO. 

,.-, = U.4291  

adjusted 

z:>-;2 =305874171. 

Sinple regression O:Jtrnion is ye ashx, \\llClc a= y-bx. 

r=.JOCI-J61. r=OJIOO 

eqialion isy= 76.49-0.<XXJ.2\". 

.r 1 = 68 

b = (- 275909XI )67)-(- 777X559-18'J)_ 
1  ( J l l 5 X 7 4 1 7  IXI 367)-(559489)' 

M u l t  ip le regression equation is  r = ± a i / 1 1 . r , ± h . - x  • .  w  hc rc a · = r - h , , ,  h ! r  . . .  r , .,. 1 1 6 5 9 a n o  

A(l'X.mlix I: S1.111n11y of'Sinple Hcgrcssion Ana�'Sis of l'OBUU;r and 1'0'07 

-275WJ 
b=  b=;--0.0009md, u=Cx,-(-OJXXJJ)!.659. £1=76.49. ·11ic sirrplc l"L"'"CSsit11 305874171' 'le' 

A Ill) end ix 1 1 :  Su rn 111 a ry of 1\1 ult i  jl le ll cgrc ss ion A 11 a lysis of PO B lJ 1 1:r,  I'() PO? 11 nd PC) Pl .Al\ D 

( l 4 - I J  ,., = I - I - 0.8097 -- . ,, _ 3 

M ultip l e  regression equation is y = 1 1 3 . - 1 8 +  0.00055.,·, -0.7925.,·: 
I (· - :)' = I J 5. I 2 . L ( y - ;.) 

1 

= 7 1 1 1 .  ,  

(- 777 XJ0587·1  I  7 1 ) -  (- 275<JO<JX5W18<J). • 
b = Ii =- - 0 7 9 , )  

'  (3 u 5 8 7 4 1 1 1 X 1 J 6 7 ) - ( 5 5 9 • 1 8 9 ) '  ·  '  ·  -  

Thus. a =  6 6 - 0 . 0 0 0 5 5 { 1 1 6 5 9 ) +  0.7925(<,8}. " =  1 1 . 1 . - I H  

The 

P a g e l  248 


	Scan_0002.pdf (p.1)
	Scan_0003.pdf (p.2-16)

