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DEPLOYING A SUSTAINABLE FUTURE THROUGH
THE APPLICATION OF GEOSPATIAL
TECHNOLOGY

1.0 INTRODUCTION

The purpose of this inaugural lecture is to document the severzl
ways the authors have used Geospatial technology in solving socio-
economic and environmental problems in order to anzin
sustainable development.To further understand the context of the
lecture, the following concepts shall be explained in detzils:

Geospatial: This pertains to the geographic location znd
characteristics of natural or constructed features and boundaries on.
above, or below the earth's surface; especiallyv referring to datz that
are geographic and spatial in nature. In simple terms. geospanal
information is geography and mapping. It is “place based™ or
“locational” information. It is data tied to and portrayed on a map.

Spatial perspective: This is a way of identifying. explaining.
predicting the human and physical patterns in space and the
interconnectedness of various spaces. Spatial perspecuve
therefore, refers to the geographical concept ot where things
happen on earth in space and in difterent places, according to
National Geographic (Onosemuode and Onosemuode.
2007).Geospatial analytics help move beyond general awareness
by looking for trends that provide historical perspective and
predictive insight to help foster better decision-making
(Onosemuode er al 2010). These analytics help detect spatial
trends, relationships, and patterns using map-based visualizations.

This lecture is therefore aimed at elucidating Geospatial technology
as a panacea for sustainable future.
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20 GEOSPATIAL PERSPECTIVE OF LANDUSE

CHANGEAND URBAN SPRAWL o o
In response to the challenges of rapid pace of urbanization with its
antecedence on environmental and urban planning, the authors in
this section tries to evaluate the various changes that have taken
place over time.

2.1  Concepts and Models
This section presents and discusses the various concepts and
models propounded.

2.1.1 Land Use Model

The study of landuse including its portrayal in map form has long
been an important task of the geographer (Mather, 1987). Natural
resources managers, environmentalist and researchers working at

the landscape level need to understand the spatial dynamics (Turner
1990; Olsen et al; 1993; Onosemuode 2004).

Onosemuode (2004) noted that in an attempt to understand the
organization of the urban setting, a number of models have been
proposed which attempt to describe and account for intra urban
landuse pattern, these models according to Ikhuoria (1987) and
Onosemuode (2004) are largely derived from the experience of the

Western world which were advanced to explain the urban landuse
pattern.

Sequel to the assertion that most of the landuse model were derived
from the experience of the Western world, Onosemuode (2004)
devisgd a landuse model known as the “Trellis Model” (Fig. 1) to
explain the landuse pattern of Warri Metropolis which is applicable

to landuses with similar structures in southern Nigeria and other
parts of the country.

Fig.1: The Trellis Model
Source: Onosemuode(2004)

The representation of the numbers in Fig. 1 above are as explained
below:

I. - represents the Central Business District label and can be found
at Effurun Round About and at Enerhen junctions. These areas
serve as the converging point for most of those people living in
the suburb of Warri.

2 - represents the Low Class Residential Areas and are found
around the core of the southern part of the study area and it
includes the Okere, Agbasa and Ekuredeltsekiri areas.
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Medium Class Residential Areas and are found
the linear route outwards towards the suburb,
ategory include Effurun, Enerhen

3. - represents the
dispersing from near
The areas considered in this ¢

balayout. . .
) fmdr ;l;:g;ii iheyHigh Class residential areawhich could be

found at Edjeba housing estate and immediately after this zone,
i one.

5. .1 ) ﬂ;zpcroer:ergtztetrhz Outlying Business l?istrict and are found
interspersed within Warri and the industrial suburb.

6. - is the industrial suburb and could be found close to the High
Class residential area.

7. - represents the Commuter zone which goes round and
terminating at the river banks.

The application of the “Trellis Model” as emphasized in its linear
pattern among most towns in southern Nigeria cannot be
overemphasized as most of the settlements evolved and grew out of
linear settlement pattern.

2.1.2 The Multi-stage Model for Squatter (Slum)
Development
Urban centres are the most complex of all human habitats; the level
of complexity is a measure of the level of urbanization. Nigerian
urban centres are witnessing what Ayeni (1978) described as
unprecedented growth rate derived from socio-political and
economic factors, rapid population growth rate and rural-urban
migration. This growth rate has generated various problems as
enumerated by Mabogunje (1974) to include unemployment, lack
of adequate social, medical, educational and recreational facilities
(pr(_)t?l.em of serviceability). Others are inability to manage urban
facilities effectively (manageability), over-utilization of existing
inadequate facilities, retardation in the movement of goods and
services and environmental deterioration (liveability). All the

above problems put together give rise to urban dislocation and rural
decay (Onosemuode et al., 2007).

Besides, the afore mentioned problems that occur in urban centres
due to population explosion, more importantly insufficient shelter
(housing) and partly due to exorbitant house rent in most urban
centres have led to the development of squatter (slum) settlements.
The reasons for the emergence of squatter (slum) settlements as put
forward by Onosemuode et al., (2007) include:

i. unevenspread of job opportunities

ii. unevenspread ofinfrastructural facilities

iii. presence of institution of higher learning, and

iv. attractions by relatives and friends among others

With the emergence of squatter settlements in most urban centres in
Nigeria and how best these squatter (slum) settlements can be
improved and developed to a reasonable standard without much
distortion to human habitat has led the authors to develop “The
Multi-stage Model for Squatter (Slum) Development”.

In the multi-stage model (Fig. 2) for squatter (slum) settlement
development, the first phase is the documentation of the inventory
of existing squatter settlements and land suitable for new residential
area. Thereafter, classification of the available land is carried out.
The multi-stage model has two alternatives; the “Transformative”
and “New Development” alternatives. The transformative
alternative does not need to evacuate the inhabitants of the area, but
relocates inhabitants within the area after reorganization of the
settlement. While the new development alternative has to do with
the evacuation of the inhabitants to anew place.
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Inventory of existing sauatter Lettisments yrd

n of the community participation and

he perimeter boundary of the settlement is e
del. This is closely followed by J
fthe area into plots.

After the organizatio
negotiation, survey of t
carried out at phase 2 of the mo ;
planning, surveying and cadastral mapping o

Classification of land and settiement

Transformative Approach New J’ \rea Development Approach
Phase | l ”
y
Organization of the community participation and Acauntion of e and
negotiation
|
I Phase 2 y Pt 2
Survey of the perimeter boundary of the Mapping of the a3
settlement
Phase 3 J Y Phase 3
Planning, surveying and mapping of the area Design of a laye
Phase 4 \L v Phase 4
Inventory of legal documents for security of Setting out, demarcation of plot
tenure and surveying
Phase 5 V " Phase §
Preparation of legal documents for security of Registration of plots weth th
tenure appropriate mMinisiry
Phasc 6 v Phase 6
Communication with the land owners Allocation of plo
‘L Phase Vi

Preparation of legal

documents for security of

Fig.2: The Multi-stage Model for Squatter (Slum) Development
Source: Onosemuode ef al. (2007).
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ata as to the population of the inhabitan:

participation. detarled d
should be taken. This numbers -
household. occupation. pl

community and other inform

should include. names,
ace of origin if not an indigene of thas
ation that may be deemed necess ey

Those carrying out the transformation should bear in mind tha
inhabitants with proven documents or evidence of ownership
plots in the community should be noted as this would guide in the
allocation of plots without conflictensuing.

On the basis of these data. plots are allocated and comprehensive
inventories of users of the different plots arc taken by the
appropriate ministry. Potential landowners go for the prcp;xr;n'mn of
legal documents for security of tenure at the Ministry of Lands and
Survey or any authorized ministry Of commission that could
undertake such an assignment of land registration.

ch in the upgrading of
lement. the various land owners are further
s that will be involy cd in the day to
f the various infrastructure that

To conclude the “Transformative™ approd

squatter (slum) sett
briefed on the various institution
day running and maintenance O
would be putin place.
The “New Area Development” approach is the acquisition of land
which is based on the data generated from inventory of existing
uatter (slum) settlement after classification. Mapping of the
acquired land is carried out in phase 2 of the model. Phase 3 is the
design of the layout of the various intended utilities (water. &2
pipelincs, telephone cable, petrol stations, fire service offl
be developed in the area. Phasc 4 is the setting out, demarcation ¢
plots and the surveying of the perimeter of the land and cach plot
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This section introduces the
the landscape the implications Of such

anduse Pattern
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5.2.1 Dynamics of L

2(006) in his STUEs

Onoscmuodc( E ar
and soclo-economic Activities 1n W ,‘; “
‘ . landuse in Wam
establish the rate of change 10 1%
1994 as shown in Table |
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rban Sprawl
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ble 1: Rate of Change and Percentage Change in Lanqy,,
Table I: R

from 19770 1994

————T7977 (Ha) _ -7.1”149_9_4_(ﬁa—)____f('h'aﬂg£(Kﬂw ) Percentage ( hamas
SN | LQM“TC(?"CE(‘D | :g:/ /2(5”‘1) __; 5‘2’5‘2757: *4'07 o ) ;' =0 [lampe.
Revdtel e laedas w3 jwer
[ransportation __H(?ilf)” - 1‘37(19._22” B 3[)}17: ] ‘~<_;(ﬂ,,_“ :
4 Industrial (10483 1275 17017 ] ]/,: )
s Insitutional 14733 (30536 15803 107 26
6 “Recreation ) T} 40 L752 - |58 4310
= “Nonurban land | 568625 1458605 -1100.2 TRG
§  Vacantland | 19185 627 _  -129.1% 67.32
9 Waer 1504.62 129725 120737 4109
T TesT  ToveeeT 288506 esesos

The author observed the obvious growth and changes in landuse
during the period under consideration and found out that the
residential landuse witnessed positive change of 407km’ with the
emergent of new residential dwellings.Commercial landuse
increased by 334.2km’1994 as most strects were then occupied with
caravans serving as shops, stores and offices in areas where
buildings were not erected. Transportation landuse had an increase
of 363.13km" in 1994. This is associatedwith expansion and
construction of. roads andnotable among theroads as at when the
151‘1:‘1?1); :"’Si car'ned out were the resurfacing of Fanikayode road
e du%x lizal:;ndgb? Avenue and Edjeba,Mebire road, Oilfield road,
Edjeba housi(;n Z tAlrport.road and construction of its bypass 10
landusewit ges ate. behind the College of Education. Industrial
: nessed a growth of 170.17km’in 1994, this growth was
:ﬁtorded'as @ result of the existing oil produci : ies as at

en which inclydeq Shell p clours Do CoPPe
(SPDC) CHEVRON ang saper < roicum Development Compaty
ervicing companies to the oil producing

10

—__—

companics l“\'l”llhmq: landuse as used 0 the studs lHL‘l}j(!C
buildings that were known to perform Service functions other than
accommodation: these are schools churches, mosgues, hospitals,
councils and ministries which n we this category ol landuse to
witness a crowth of 158.03km n 1994 Landuses such as

recreation. non-urban land, vacant land and warer
sizes in 1994 to give room for the erowth

landuses i 1994

| ST

-

d reducton in
he other

312 The Use of Regression Analysis in Landuse Studies

Onosemuode and Olanruwanju( 2007) were able 1
introduce the use of regression analysis nto landusc
was rare in the literature on landusc studies

Regression analysis operates on  the assumpt

: ndent variahie ¥ snd
relationship between one variable, the dependent vanable Y, and a

1

]

host of P other variable xt (1

1.2-----P), called the

~ — i

y successfully

studics which
n that the

i ]
S W—
independent

« tyrm
aorm

variables, may be expressed by an equation of the |
Y=ho+bx bx,+----+bnxn E-ceememeeue(])
In formulation (1). bois called the constant term

Whileb,,b, _bnarethe regression coctticientand

E is called the error term, representing the crrors that

enter the

model as a result of some other varables. which could not be
specified or are inappropriately measured as well as other random

cffect errors.

2.2.2.1Computing the Coefficients

The data used in computing the coetficients are the data denved
quantitatively from the landuse maps of 1977 and 1994 as shown in
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nts are shown in Table 2.
Jumn (4) of the Table 2. the means
ble were calculated thus:

Table 1. The computed coefficie
To arrive at the coefficients in co
of the data in column (2) of same Ta

Y =ZfN —=(2)
where Efis the summation of the data in column (2)
N is the number of data in column (2)

Similar procedure was carried out on data in column (3) of Table 2
to arrive at the data in column (5).

Column (6) is the product of columns (4) and (5) while columns (7)
and (8) are the squares of columns (5) and (4) respectively.

Table 2: Landuse Data of 1977 and 1994 and Their Computed
Regression Coefficients

(1 2) 3) @ & _ [® ) ®)
| Landuse 1977(y) | 1994(x) | Y(Y-Y) | X(X-X) | XY X Y
._"*"“E‘,‘C‘ B | ) - i [
Residential | I9;i2_5 59925 | -581.75 | -174.75 | 1016608 30537.6 338433.1
_('_nmmcrcnal 112005 | 464.25 | -653.95 | -309.75 | 2022561.0 | 95945.1 427650.6
J_@n«maimn 6.09 36920 | 76791 | -404.80 | 310840.1 163863.0 559685.8

UIndustrial 10483 | 27500 | -669.17 | -499.00 | 3339158 | 249001 | 4477885

UInsttwtional | 147.33 | 30537 | 262667 | 40863 | 2936764 | 21914.1 | 3927153 |
Recreation | 1340 | 7.59 | -760.60 | 76641 | SK29315 | SK73843 | 5785124 f
Non-urban ___ S686.25 | 4586.05 | 4912.25 | 3812.05 | 18725726 | 1453172522 | 241302001 _|

Vacant land 191.85 162,70 |-582.15 | -711.30 | 414083.3 | 505947.7 338K98.6
 Water 504.62 |297.25 |-269.38 | -476.75 | 128426.9 | 227290.6 72565.6
Total 6966.07 | 6966.67 21093844.4( 16611318.6 | 2731645.0

Source: Onosemuode and Olaruwanju(2007).

12

In the computation of the regression equation, the following
equations were adopted thus
A O] B ), D ESES————— ) §
Where a= Y intercept ( The value of Y when «
b= S[("PC of the regression hine (The mcrease or decrease Y¢ for
each change of onc umit of x)
x= a given value of the independent value.
Y ¢ = acomputed value of the dependent vanable
L S S (4)
Applying equation (4) above,
b= 21093844 4166113186
1.27
e [ £ (5)
Applying equation (5) above;
a=774-(1.27X774)
774 - 982.98
= _203'()()
a~-209
From the above, the regression which descnbes th
between the landuse and the activities mto which stsput. st
Yc==209+ 1.27(X). mmmmaamaeammmmm o o (51

Verification of the Predictive Power of the

Regression Model

In other to ascertain the predictive power of the regression moded,
the THEILIS inequality coefficient was used 1o tont the predictive
power of the regression model.

2222

The THEILIS inequality coctficient is represented thus.
' - (M
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WhereP, isthe predicted value of the dependent variable (x),
A, istheactual value of the independent variable (Y), while
n isthesamplesize.

The inequality coefficient in this regard assumes a value of between
zero and infinity. The smaller the value of the coefficient, the better
is the predictive performance of the model. However, where the
coefficient is 1, it is indeterminate as no change in the value of the
variable is predicted. But if the value of the coefficient assumes a
value of more than 1, the predictive power of the model is worse
than no change prediction.

Table 3 shows the expression of the various components of the
THEILIS inequality coefficients. To obtain the predictive values in
column (4) of Table 3, the value of X is substituted in the regression
equation as follows:
Yc=209-1.27X---------------- (6)
Yc=209-1.27(599.25)
=209-761.05
=-552.05; and so on for the rest values of X
Applying equation (7), we have:
(P,-A,)""=129258000.6/9 =14,362,000.07 = 144
A" =32709191.18/9=3,634,354.57 =363

Substituting the values in equation (7), we have:

14

U=144= 0.3967
363
U=04

With a THEILIS coefficient of 0.4, the predictive power of the
model is of a better performance. With the better performance
power of the regression equation, forecasting the change in landuse
for a given period of time is highly reliable.

Table 3: Computed Coefficients to Test the Predictive Power of
the Regression Model

1 2 3 4 5 6
Landuse 1977 1994 Predicted P-AY Al
Category Landuse Landuse Values

Ay (029) ®)
Residential 192.25 599.25 -552.05 5539.49 36960.06
Commercial 120.05 464.25 -380.6 50650.42 14412.00
Transportation | 6.09 369.20 -259.880 70740.04 37.09
Industrial 104.83 275.00 -140.25 60064.21 10989.33
Institutional 147.33 305.37 -178.81 10637.30 21706.13
Recreation 13.40 7.59 199.36 34581.1 179.56
Non-urban 5686.05 4586.05 5615.28 127724580.3 | 3233349.06
Land
Vacant Land 191.85 62.7 129.37 3903.75 36806.42
Water 504.62 297.25 168.51 453130.92 254661.53
Total 129258000.6 | 32709191.18

Source: Onosemuode and Olaruwanju (2007)

Having established the reliability power of the regression equation;
the change in landuse by the year 2014 from when it was estimated

in 1994 was predicted thus:

15
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The period under prediction is 20 years: that is from 1994 10 2014
Yc=209-1.27x

Yc=209-1.27(20)

Yc=209-254

Yc=183.6

From the above predictive figure, by the year 2014 from 1994 (20
years) there was an increase by 183.6km’(Onosemuode. 2006). by
the year 2016 from 1994 (22 years) there was an increase of
193.76km’(Onosemuode and Olaruwanju, 2007) and by the year
2020 from the base year 1994 (26 years) there will be an increase of
175.98km".

The increase witnessed from the above predictive figures shall
reflect in residential, commercial transportation, industrial and
institutional landuses while a corresponding decrease 1s witnessed
innon-urban land, vacant land and water bodies.

It is however worthy of note that the above prediction could not
account for the quantity of the portion of landuse that will be taken
over by the other. In this regard, the trend of economic activities or
development of the area under study had a major role to play in
explaining which of the landuse took over the other.

The adoption of quantitative techniques in predicting landuse
change which has not be found to be common in literature, would in
effect enhance efficient, dynamic and purposeful planning in the
management of the environment in the face of limited resources.

2.2.3 TheDynamics of Landuse Change on the Environment

Onosemuode and Habila (2017) carried out a study on the dynamics
of landuse change in Lafia, Nasarawa State, Nigeria to ascertain
the level of changes in the land between the period 1997 and 2016.

16

The imageries used were LANDSATETM of 1997 and NIGERSAT
-1 of 2016. The various classes of landuse adopted are; cultivated
area, bare surface, built-up area, natural vegetation and water
bodies. The supervised method of landuse analysis was used in the
extraction of the information from the imageries in ArcGis 9.3
environment. The results (Table 4) obtained showed that bare
surface accounted for 0.72% in 1997 and increased to 1.91% in
2016, built up area occupy land cover of 2.63% in 1986 and by
2005, it increased to 3.55%, cultivated arca covers 27.88% in 1997
and in 2016, it increased to 56.57%. Natural vegetation which
include all forested arcas and grassland in 1997 decreased in 2016
to 25.43%.Water bodies, including all the surface water found in the
study area such as ponds, strcams. rivers, marshes and lakes
covered 9.43% in 1997 while in 2016, it increased to 12.53%. Itcan
be concluded that despite the adverse effect of the changes on the
environment, the study arca can be seen as developing as there is
increase in the built up areas as well as increase in cultivated area.
These increases are reducing the vegetation of the study area, a
deliberate attempt should therefore be made to incorporate tree
planting as part of the building policy in the study area.

17
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Table 4: Magnitude and Percentage Change in Land use and
Land cover Between 1997 and 2016

(lasses A B (& D E
1997 Arca | 2016 Area (l\m.") Magnitude | Annual Y% change
(km’) of change | rate of .
change C/Ax 100
M A9 (km’)
km
RBare surface | 1.22(0.72%) 3.24(1.91%) 202 0.11 165.57
1 i
Built up Arca 4452 63"%) GO S8%) 1.56 [ 008 35.06
| I I
Cultivated Arca 47 1K (27 KK%) | 95.72(56 57%) | 48 5S4 : 2.56 102 88
I
‘ ‘ ) )
Natural 100 41(59 34%) | 2404 (2543%) | 6737 | -4.20 [ -67.10
Vepetation ‘ !
Water bodies | 1502(943%) | 2121(1253%) 619 R TR
Total 16922 169 22 9.06 R 171.62

Source: Onosemuode and Habila (2017)

2.2.3.1 Implication of the changes on the environment

The results of the changes between 1997 and 2016 in Lafia had
some adverse effects on the environment which 1f not looked into
critically by planners and environmentalist would degenerate into a
state of urban decay. Increase in cultivated arca at an annual rate of
2.55 km’ between 1997 and 2016 1s an indication of an increase in
population that need to fend for themselves in the absence of white
collar jobs and have resorted to farming. The major farming system
prucligcs in the study area as revealed by field observation 1s
I‘mcnsn'c continuous cropping as a result of land being competed
for by other uses such as residential, commercial, institutional
}\'hlch. are .s‘uhsmncd into built up area. The implication of the
Intensive continuous cropping on the environment is not onh

rendering the soil bare and exposed to soil erosion but also reducing
the nutrient carrying capacity of the soil for agricultural
sustainability (Onosemuode and Akhimien, 2010; Onosemuode ef
al. 2010; Onosemuode and Umunade, 2011).

Besides the implications of increase in cultivated area, the decrease
experienced in natural vegetation at an annual rate of 3.49 km’, isa
pointer that the effects of global warming will be on the increase.
The moderating effects of the vegetation on the environment would
be greatly reduced exposing the environment to the scorching
effects of the heat, which further enhances evapotranspiration
reducing photosynthetic activities in plants leading to food
shortage. The above observation in the study arca is in line with the
findings of Dwyer ef al. (1992) and Xiao and Mcpherson (2002)
who concluded that urban trees play important roles in improving
landscape acsthetics, reducing pollution and moderating the urban
energy budget, water use, reducing storm runoff, and providing
other amenities. Many problems facing management of the urban
ccosystem are related to these factors. For example, urban heat
island effects and increased storm runoff are related to vegetation
cover (Gallo and Tarpley, 1996). Air quality and water use are
related to crown density and tree density because the total leaf
surface area and leal surface arca per unit of land area controls both
air pollutant removal and evapotranspiration rates (Peper and
Mcepherson, 2003). To this end, with the reduction in the natural
vegetation in the study arca there is bound to be human discomfort
as the air quality, energy exchange, hydrology and microclimate
will be adversely affected. The increase in bare surface at an annual
rate of 0.11 km’ which is made up mainly of outcrop rocks and
increased proportion of pavement arca during the process of
urbanization will strongly influence energy exchange, hydrology
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and microclimate in the study arca and subscquent increasce

global warming and its anticipated effects on the environment.

Increased water bodies were as a result of the presence of gullies,

unclear drainages found mostly in the built up arca. The presence of

these drainages that harbour water all-round the year is attributed to
(he culture of the inhabitants of the study arca that docs not allow
married women to be seen outside. They are kept in an enclosement
known as “Pudah” from the sights of males children and visitors
from where all domestic activitics are carried out. The presence of
these water bodies especially those found close to homes are
stagnant and act as breeding ground for mosquitoes and also act as
point source through underground seepage for the contamination of
wells used as source of drinking water.

30 GEOSPATIAL PERSPECTIVE OF
ENVIRONMENTALMANAGEMENT

Environmental management can be reasoned as being concerned

with meeting and improving provision for human needs and

demands on a sustainable basis with minimal damage to natural

habitats and the ecosystems. It is on this basis that this section

discusses the studies on waste management with emphasis on |
collection points, dump site for solid waste and landfill for poultry |

waste.

3.1 Waste Management

The selection of a dumping site (landfill) is a big question facing
local authorities because it represents a point of confluence of
science, social science, and planning (Habital, 1987). Urban
planners and city managers throughout the world are now
confronting this issue within a much broader social development
context. "Not in my backyard" may be the mantra facing decision

20
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makers as the volume of solid waste generated in rural and urban
arcas increases (UNEP,1996; Nishanth et al. 2010).

3.1.1 Determination of Waste Collection Point

For the cffective and cfficient management of waste in the
environment, Onosemuode et al, (2013) carried out the spatial
assessment of wastes collection points using GIS approach.

3.1.1.1 Determination of Waste Generated
This is to determine the amount of waste generated in the entire
metropolis. This computation takes into consideration, the
population of the study area, the rate of waste generated
/person/day.
Total number of available waste collection points in the study as
determined by fieldwork =50
Capacity of waste collection bin = 8 metric tones
One tone = 1000 kg therefore, the capacity of a waste
collection bin in kg = 8*1000=28000kg.
Rate of waste generation = 2.6kg/person/day
Projected Population=P1=PO(1 *n)'
=2006 population=308,621,n= No of years
=[308621*(3.3/100)*1] +308621
=10185+308621
=318806 [For 2007 population]
Projected population for2010= 351421

Total waste generated = (Projected population)*(Rate of

waste generation/person/day)
351421 x2.6=913695kg
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3.1.1.2 Determination of the Spatial pr.'e_a.d of Waste Bing
C;IS as a tool has spatial analytical c.:slpablhtles which are yseq in
solving spatial problems. The following analyses were performeg
in this study;

i. Buffering,

ii. Overlay, .
iii. Network Analysis—[New Route],
iv. Spatial statistics —[Mean center].

3.1.1.3 Buffering Operation

The criteria that waste collection points should not be more thap
300 meters away from the household it services and that the waste
collection points should not be less than 30 meters away from water
features was adopted. Buffering operation was used to determine

places that were within the distance of between 0 and < 300 meterg

from waste collection points and areas of 30 meters away from
water features.

The steps used are;
- Select t!le.arc tool box, click on analysis tool > click on
proximity> double click on Buffer

Apage will pop up, then select the theme to be buffered and specify

the distance > click ok. See result of buffer for both waste collection
pomts and water features in Fig.3 and Fi g.4.

22
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Fig.4: 30m buffer around water channels.
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DU

3.1.1.4 Overlay Operation |
The ability to integrate data from twO SOUTCCS USIng map overlyy
dy g

one of the GIS analysis function. The Boolcan overlay op;
include the following; intersect, erasc, union, identify, spatia] j?)’?%
and symmetrical difference. The overlay opcration uscd in th’;’?
work is 'ERASE'". This was done by overlaying the buffered 4 ’
theme on the land use theme and then erased to produce a thCrr;cncf
map showing areas that could not be covered within 3()() mctco
buffering. The erased area shows the waste collection points th;
cannot be assessed within 300 meters walking distance.

Steps used are;

- Select the arc tool box > click on analysis tools > click on
overlay >double click on erase.

- A dialog box pops up, select the land use theme first and
thgn, the buffered theme i.e, the buffered waste collection
points. The result of the overlay is shown in Figs. 5 and 6
below. .

- |
G - % |
—e

Fig.5: Overla ‘ i ‘ .
Y Operation showing areas within 300m buffer.
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Fig. 6: Overlay operation showing areas that fall outside 300m buffer

3.1.1.5 Network Analysis

The network analysis was modele
route linking the existing waste collection points in order to show

the accessibility to these waste collection points for evacuation.
This is very important especially for the Waste Management Board
in determining the best route to take in evacuating waste in the study

area.

d in this work to determine the

This was done by building a network datasets from the arc catalog
d. The network was built along

for the roads that have been vectorize
with the waste collection points. The result of the analysis is shown

inFig.7 below.
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MAP SHOWING THE ROUTE LINKING THE
WASTE COLLECTION POINTS

2 T2 24 433 TN
Vieners

Fig.7: Rout linking waste collection points
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3.1.1.6 Determination of the Number of Waste Collection Bins

Since the set criterion for a waste collection point is that it should be
a maximum distance of 300 meters away from the household it
services, it means that an individual should not walk more than 300
meters before getting to a waste collection point. By the virtue of
that, the study area was gridded into 500m by 500m. The gridded
area was converted into polygons using the data management tools
in ArcGIS 9.3. A spatial statistical analysis tool in ArcGIS 9.3 was
used to find the Mean Center for each of the gridded polygons (Fig.
8). The mean center is used to find the center point of a polygon
feature. The center point will automatically be converted into point
feature using spatial statistical tool in ArcGIS 9.3 (Fig. 9). The mean
center is the average of x and y coordinate of the gridded polygon

features.

Creating the grid map enables one to identify area with waste
collection points and areas that does not (Fig. 9). The result of this
analysis places a point feature at the center of each gridded polygon;
in which after selecting the polygons that covers the built up areas
(Fig.10), and the minimum required number of waste collection
points for the study area were determined to be 240.
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GRID MAP SHOWING THE MEAN CENTER

FOR THE BUILT UP AREA
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Fig.8: Grid map showing the mean center for the built up area
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Fig.9: The built up area with and without waste collection points
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B e essses e

SHOWING THE BUILT UP AREA .

GRID MAP I zones that have waste bins and the zones that do not. It also employs
s s the proximity analysis of Arc GIS (buffering) to determine those
areas that have waste bins based on the assumption that waste

N collection points should not be more than 300 meters away from the
w@[ household it services. From the buffering analysis, it was
discovered that the commercial land use zone was completely

® covered. This is the reason why the erased map could not show the

commercial center in the analysis (Fig.5 and Fig.6). Also, it was
discovered that two available waste collection points were within

30m buffer around water channel.

The study revealed that only 50 waste collection points which were
grossly inadequate and led to the determination of the expected
number of waste collection points required to cover the study area.

The method used is the gridding method and a spatial statistical
analysis [Mean Center] was used to locate a point feature
representing a building in the center of each gridded polygons. The
result of the calculation showed that 240 waste collection points
would be required to cover the entire study area.

With 351421 projected population in year 2010 generating

SCALE R-QTMM | 913695kg of waste per day and with an increase in population on

1:70,000 Bl ot wamo: | | the average of 10700 per year coupled with the insufficient waste

o im zam - — =cwmm collection points in the study area, there is bound to be more

' e b ff:::“""“ environmental hazards in the near future. The expected
Fig. 10: The built up area environmental hazards anticipated include flooding due to drainage
blockage by waste, traffic jam as a result of waste spill over

. . motorable roads, increase in sicknesses and diseases, water and

3.1.1.7 Discussion of results environmental pollution if no adequate measures are taken to

With the classificati . o
ation of the study area into zones of different land facilitate waste management in the study area.

use which i ilt i
ich is built into the database, it eases the identification of
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JRBRRASSEEE

~ .1 Jacte N34
) 1)¢(c|-minntinn of Solid Waste Dump Site
- . (D ‘ afis
KRB St and Omol'(‘gb‘ (201 7‘) n .mmh.u'slml.y attempteq the
Olm:‘l(‘ soinformatucs (echniques in determining site selectiop
\lSL‘ 0 Je .  —— 4 TTe J
colid waste dump 1t warri and Environs.

for

The following were the criteria adopted to determine the begt Waste

collection point inthe study area:

erred land use should be an open space,

i the prel : P
ast 10m from existing road,

the site must be at le

i, the site must be at least 100m from Residential, Educationa|
and Administrative arcas,

iv.  the site should be located on a terrain with a slope less than
20°to prevent erosion and insecured accessibility,

v, the waste dump should be greater or equal to 0.5 hectares,

and
vi.  thesite mustbe at least 100m from water sources.

The Gl_b .\pdll‘.ﬂ analysis feature used to determine the best waste
collection point is the buffer, digital elevation model (DTM),
overlay, erase and search operations.

%.1.%.1 Buffer Operations

utter operation is a spati i i

(ictc1"111in"\:il )1(101;15 a spatial operation that is concerned with the
. \‘md" f:: (1)‘ spatial proximity of various spatial featurcs. In
e 11.1'1‘111 plloc(:;non‘Of buffering for analysis of area that arc
religious and a dm'n}~ ﬁo.m residential, academic, recreational,
0ty e\(istinl(lvli;:ftwe areas,10m from all existing roads, and

gwater sources was carried out.
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3.1.2.1.1 Road Buffer

' erved that all
v map in Fig.1 | below, 1itcan be observed th l‘l a
n y | be 10m away from

From the resulti :
(site shoulc

the open spaces met this creterion

existing roads).
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Fig.11:Buffer operation on exis

ting roads at 10m buffer distance.

3.1.2.1.2 Water buffer

From fig.12 below, only open Sp
criterion that dump site should be
bodies.

aces B, C, W, X and Y met the
100m away from existing water
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Fig.12:Buffer operation on water body at 100m buffer distance.

3.1.2.1.3 Residential buffer

Figure 13 show that open s .
iferion . paces I, K, W, Q, V, X and Y met the
- thatsites should be 100m away fn;m ;csidcntiul arcas.

?———’
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Fig.13:Buffer operation on residential area at 100m buffer distance.

3.1.2.2 Slop Generation

The map in Fig.14 shows the different slope area and their values in
degrees for the study area. Values ranging from 0” to 20° are those
that are acceptable for the location of dump site. Values ranging
from 20’ to 45" are not suitable for the siting of dump sites. Open
space was virtually overlaid on the slope map to see areas having

s
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Fig.15:Buffered residential areas overlaid on the layer containing
the boundary to give boundary Erase layer
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shows the overlay of buffered residential area on

yive boundary _erase

boundary of the map of the study arca to give
;Zeer The coloured part of the map 1. the un;rascq part, shows t;]e
ayrt r.emaining after erasing the buffered residential area from the
map. The open space that fell inside the coloured part were areas

In Fig.15 above

dump sites canbe sited.
RESIDENTAIL AND WATER BODIES ERNABE
W+¢
8
L i
-
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g B
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Fig.16:Buffered water bodies overlaid on the result of boundary _erase
layerto give Boundary Erase Erase.
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ered roads on

17 above shows the overlay of buff

the overlay of buffered water bo; ;
Figure 16 above shows ) Cr bodieg Figure
g Jayer of the map of the study area to give boundaon boundary_erase_erasc layer of the map of the study area to give
boundary _erase_erase_3 layer. The coloured part of the map i.e the
after erasing the buffered

1 .
oured part of the map i.c the Unerasey c
unerased part, shows the part remaining

ning after erasing the buffered
Wat
o roads from the map of boundary_erase_erase. The open space that

poundary_erase ;
erase_erasc layer. The ¢O

part, shows the part remat
bodies from the map of boundary_erase. The open space that fy
inside the coloured part are arcas where dump sites can be sited. The fell inside the coloured part were arcas where dump sites can be
open space outside the coloured part of the map shows areas that are sited. The open space outside the coloured part of the map shows
not suitable for dump Sites. areas that are not suitable for dump sites.
RESIDENTAIL, WATER BODIES AND | BOUNDARY, RESIDENTAIL, WATER BODIES AND
. ‘ ROAD ERASE
ROAD ERASE N
V\‘+E
e | ——— - - -
."* ‘A ﬂ‘ \lj;r . i I h
| i
L — T f—— bl e ;
o ‘mitﬁ = > 111 | ; Tv | & = ?
i ’4 . ‘ = e o =
g | L= il 1" ;
N } sLE : .
‘n @ J‘"" . ; §\$ Eon - L E | 4 “». ~‘_' g4 B o I—
' @Q‘? | o B Cel AN
| | | [ I!
| : , (]
‘ R — _J :,' S——— __LJ | ‘ (f R e =0 =
L o — Legamnd | J o w 3w 440 4rrions [
10077 oyt ! S -t ] Boundary Krase_4
CD Coon Space | ¢ [777] Soundary Sxave 3
- J C3 Gpen Space
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: we  shows the overlay of lmumlury on
Figure 1y .\lf\\\:\ l*‘.“‘r of the map of the study area 1o five
boundan Cr"j““'_; ‘lf“.“._ The coloured part of the map i¢
boundary cu? WS ‘ﬂ'w part remaining after erasing the houndu,.y
‘:‘P“\““S“‘{ P‘H: \\\:; bl\undm‘\' crase 3. The open space inside
m\‘m lhi :1\]1 (‘ \WeTe areas where dump sites can be sited. The open
:::‘l\‘:“:d the coloured part of the map shows arcas not suitabe

for dump sites.

3.1.2.4 Spatial Search Query _ . |
Soatial search was applied to the attribute data to yield the suitable
<ites with ercater than orequal to 0.5 hectares

“ MAP OF QUERYING SHOWING OPEN SPA'?E

-

e T e
Legend
[ ) moundery_rase_4
[ ] sounaer: 3

Figure 19 shows open spaces that met the
should be equal or greater than 0.5 hectares. The open spaces; A, B
C, LI K, W, X, and Y met the criteria while the other open &pzihcu%.
contravened the criterion. The open spaces that met the criteria are
the suitable sites where solid waste dump sites can be located. but
some of these open spaces contravened other set of criteria and as
such only open spaces W, X, and Y (Fig.20) met this criteria without
contravening other sct criteria. These open spaces are the most
suitable sites that met all the criteria for the sitting of waste dump in
the study arca.

criterion that dump sites

MAP SHOWING MOST SUITABLE OPEN SPACE

A
N_

s Lezena
b et ekl ) sy

L Ceee temem

Fig.20: The most suitable open space that met all the set creteria.
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nd Omorogbe (2015) has been able
. i is a better way of decisj
- cormatics technique ¢ ision
show that G?ﬁﬂ}g’( issues related to the environment as thc? Suitable
n}aklng101lt:3 Wpe re in line with the purpose and set criteria for the
Sltl?ctsi‘zn?f)f the most suitable site for solid waste disposal.
se

ea
Conclusivcly, Onosemuod

e e : dfill for Poultry Waste
termination of Suitable Lan .
i;le;igﬁ; study by Onosemuode and Abodurin (2016), they were
able to determine suitable landfill for poultry waste using
Geoinformatics techniques on Amos Farms at Awe Afijio, Oyo

State.

The basic criteria for landfill selection for poultry waste adopted by
Onosemuode and Abodurin (2016) was sourced from the
Environmental Protection Agency (2006) manual on site selection,
and are as follows:
i. thesite mustbe atleast 100m away from an existing road,
ii. sitemustbe atleast 160m away from an existing River,
iii. the site must be 160m away from water body,
iv. site mustbe 150m away from an existing Farm site,
v. the landfill site should be located on a terrain with slope not
more than 20 degree, to prevent erosion and to facilitate easy
accessibility,

vi. the landfill site should cover at least an area of 20,000m’ (2
hectares).

In order to arrive at the most suitable landfill site for poultry waste

inthe study area the following analvsi :
i, Buffering g analysis were performed:

u Overlay
n1. Database extraction (Query)

44
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The various layers used for the study were extracted from
topographical map and imagery, the river and slope layers were
extracted from topographical map and the other layers were
extracted from the imagery and included; existing roads, water
body, farm site and boundary. They were buffered to satisfy the set
criteria. The road buffer was traded off to give the boundary buffer
in the first operation and the remaining portion of the area was
recognized as | (Boundary erase_1). River buffered was also traded
off with the first product (Boundary erase_1) and result was tagged
2 (Boundary erase_2). Furthermore, buffered water body was
traded off to give 3 (Boundary erase_3), Buffered farm site at the
same time was also traded off to give 4 (Boundary Erase_4).
Products 1 and 2 were intersected to have E, E was also intersected
with 3 which gave F while F was intersected with 4 that resulted to
G that was later clipped with slope of the terrain lesser than or equal
to 20 degree. At the end of the analytical processes, search query
was used to generate the most suitable sites (Fig.21) of an area that
is less than or equal to 20,000m’ (2 hectares).
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MAP SHOWING MOST SUITABLE AREA
s A 4.1 The Morphometry of Warri River Basin

g~ AP Sy

———— o

!
-

L

The morphometric analysis of drainage geared at validating the
Hortonian postulation of Warri River Basin was reported in a study
carried out by Onosemuode (2005). The study focused mainly on
the geometry with detailed emphasis on the relationship between
the morphometrical characteristics such as stream order (U), stream
number (Nu) and length (Lu), bifurcation ratio (Rb), drainage
density(Dd), channel frequency (F), constant of channel

-——“’;
wm

S
L

. maintenance (CCM) and elongation ratio (Re) (Table 5).
WA A1 —— i
‘ . Table 5: Morphometric Parameters of Warri River Basin
!
Somesy - L aresy o~ — pe——
4 e Stream | Stream | (Rb) | Average Stream Cumm. | Stream (Dd) | (CCM | (F) (Re
0 140580 686 840 4.1ﬁ 'y Order | No (Rb) Length Mean | Area (Km’) )
m" 16 w«é—s ® (Nu) (Km) Length | (Km?)
T e Total | Mean Total | Mean
EGEND Ly | @y (Au) | (Au)
1 44 - |- 358.56 [1.04 | 1.04__| 621 [0.18 |5.77 |0.17 [554 |-
- [=2] Most_suitable_sit 2 83415 |- 168.72 [2.03 |3.07 |341 |041 [50 (02 1243 |-
SHOWING MOST SUITABLE SITES ] BOUNDARY 3 22 [38 |- 109.56 | 4.98 | 8.05 | 22.65 [1.03 [4.84 [0.21 1097
4 6 37 |- 31.08 |5.18 | 1323 |8.55 [1.43 |3.64 [0.28 [0.70 |-
Fig.21 5 1 6 |- 60 |60 |73.23 |37.75 |27.75 |2.16 [0.46 |0.03
12.21: i § 6
g21: Most suitable landfill sites Total |465 |- |44l 72792 |- |- . T 1469 |021 294 02

Source: Onosemuode, (2005)

4.
0 GEOSPATIAL PERSPECTIVE OF RIVER BASIN

DEVELOPMENT. :
The result from the study showed that the drainage density (Dd) of

A river basin i . ‘ Y
tribUtariesasIl? 1s the portion of land. drained by a river and its the study area indicates the level of dissection.With a drainage
drained b'y S:ggglnpﬁsses\the, entire land: surface dissected and density of 4.69 (Table 5), for every square kilometer of the basin,
discusses the i Streams that flow- downhill. Thi t there is 4.69 kilometer of stream channel. According to the
economic an?i 'mportance of river basins fro th' h o loln classification of Strahler(1964), values of drainage density fewer
ecological points of viey, T Dpdmmlngres’ than 12 are low density; those with values between 12 and 16 are
46 47
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42, Hydrological Analysis of A Drainage Basin
Onosemuode er al. (2010) in :mothm: study ot‘_thc‘ morphometric
analysis of Onitsha North East .dmmugc bqsu_l tocused on the
relationship between morphometric ch:}mclcr!stlcs such as stream
order (Nu), stream length (Lu), bifurcation rgtlo forming the lincar
properties and drainage density (D), stream frequency (Fs), texture
atio (T), elongation ratio (Re), circularity ratio (Rc) form factor
ratio (Rf) comprising the area propertics of the drainage basin. The
result of the analysis (Tables 6 and 7) showed that a total number of
396 streams were identified of which 289 are 1st order streams, 82
are 2nd order, 19 are 3rd order, 5 in 4th order and one is indicating
5th order streams. Drainage patterns of stream network from the
basin have been observed as mainly dendritic type which indicates
the homogeneity in texture and lack of structural control. The mean
bifurcation ratio value of 4.16 (low bifurcation ratio) was obtained
from the study area and was within the standard range and shows
that the basin conforms to the characteristics of anatural stream
which indicates that the geological structures are less disturbing to
the drainage pattern. Thedrainage density (D) of the study arca was
1.0 km/sq. km. This value indicates that for every square kilometer
ofthe basin, there is 1.0 kilometer of stream channel. This makes the
study area fall into the group of low densitybasins suggesting that
the low drainage density indicates that the basin has a highly
permeable subsoil andthick vegetative cover. The elongation ratio
(Re) value of the study area was 0.78, the basin in the study
arcanssumes:a/pean shapeq characteristics indicating high degree of
nton, T sy i of e s s 001 W
g mf was ovz'xl tending towards elongation 1n
e o integration. The form factor value .of the
: icating lower value of form factor and the basin will

50

have a flatter peak of flow for longer duration. The texture ratio of
the basin was 2.29 and categorized as moderate

Table 6: Linear Characteristics of the Drainage Network of
Onitsha East Drainage Basin

Stream Strcam Stream Stream Cumulative | LogNu Log Lu
Order (U) | Number Lengthin | Mean Stream |
(Nu) Km (Lu) Lengthin Length in :
Km (Lu) | Km (Lu) R
1 289 356.78 1.24 1.24 2.461 2552
2 82 178.53 2.18 342 1.914 2.252
3 19 97.45 5.13 8.55 1.279 1.989
4 5 33.23 6.65 15.2 0.699 1.522
5 1 24.03 24.03 39.23 3111 1.381
396 690.02
Bifurcation Ratio
W order/2™ [ 2 order/ | 3 order/4™ | 4™ order/5™ | Mcan Bifurcation Ratio
order 3" order order order
3.52 4.32 3.80 5.00 4.16

Source: Onosemuode et al.(2010).

Table 7: Areal Characteristics of Onitsha East Drainage Basin

Morphometric Parameters Symbols/Formula Result
Area (sq km) A 691.35
Perimeter (km) P 126.30
Drainage density (km/sq km) | D=2 twa 1.0
Strecam frequency Fs=Z NwA 0.57
Texture ratio T=Znm 2.29
Basin Iength (km) 2 36.95
Elongation ratio Re=2y, 0.78

L
Circularity ratio Rc= QZEA 0.01

P

Form factor ratio Re=A/Ly 0.51
Where
¥ Lu = Total stream length of all orders
3 Nu= Total number of all orders
¥ N,= Total number of 1* order streams

Source: Onosemuode et al.(2010).
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Onosemuode et al. (201 0) concluded that thg high level of
integration of the basin as revealed by the circularity ratio will lead
to the steady flow of water which will eventually reduce the rate of

flooding.

The low drainage density recorded in the study area is an assertion
that the subsoil is highly permeable. This further help to show the
reduced rate at which the environment of the study area will be
prone to flooding. The moderate texture ratio of the soil in the study
area makes it less prone to erosion which has great advantage for

farming activities in the area.

Furthermore, the low bifurcation ratio recorded implies that the
drainage pattern is not controlled by the geologic structure of the
study area giving room for permeable rate of water. The oval basin
tending towards elongation with low form factor indicates that the
basin will have a flatter peak of flow for longer duration which is
easier to manage than of the circular basin.

43  Geospatial Assessment of Vulnerable Areas to Flood
Hazard and Risk

Onosemuode and Ovririe (2014) in their study of geospatial
assessment of vulnerable areas to flood hazard and risk along the
Ikpoba River in Benin, Edo State were able, among other objectives
produce a vulnerability map to know buildings that are located
within the flood risk zones in lines with stipulated setback and other
determinant criteria.

#iglssur(;\t/e‘?a f((i).r t,he ar}alyses that were carried out

flood zor s as amded into thrge zones using buffer distance as the

buildings whint e L€ river was buffered at 30m to show
&s which falls into high flood vulnerability rate in line with

52

Town and Country Planning (building plan) Regulation, 1986. The
river was buffer at 50m and 70m to indicate those building that are
within moderate and low vulnerability rate based on the extent
flooding had been experienced in the past. Those building that are <
30m in distance from the river are considered as having high
vulnerability rate, while buildings > 30 but < 50m in distance from

| the river are considered to be moderate in terms of vulnerability and

buildings that are > 50m but < 70m in distance from the river are of
low vulnerability. A total of 2071 buildings were used in the study as
obtained from satcllite imagery (Fig. 22).

ANALYSIS 1: BUFFER GENERATION

B0 CIF WNIIERASILITY PATE P THIE STUDY AREA

Fig. 22: Vulnerability assessment map of the study area
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g adi t are vulnerable
. ation of buildings tha ik
4.3.2 D;t:i:g;:l“gas :hat are within high vulnerability zone
- Jetermination of buildings of high vulnerability rate, a single
In_::‘:]_ Og query wasused as shown in the syntax below;
cri

VULNERABILTY_RATE=1]
o assess buildings that are of high

were within high vulnerable zone. The buildings in black colour
activated in green are the affected ones as shown in Fig.24.

MAP SHOWING THE RESULT OF QUERY ONE

SYNTAX[
The above syntax enables us t

vulnerable rate.

SRR
R, St S S————
Fig.23: Query of buildings that are within high vulnerability zone — S
BURDNG
VULNE RABLTY_RATE
=—W
A total of seventeen (17) buildings generated fell within the high =P

vulnerability zone. These buildings were potentially at risk and
evacuation of people living in these buildings should be enforced 50
that lives and properties that are risk can be reduced. Figure 23
showed the query result of the buildings that were at high
vulnerability rate whileFig, 24 showed the map of the buildings that

Fig.24: Building within high vulnerability zone.
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p————

B. Buildings that are withinlow vulnerability zone

The buildings with low vulnerability rate were d etormineg
using the following syntax:

GYNTAX [BUILDING THAT ARE WITHIN 70m BUFFER
DISTANCE]

_— . W 3 >
D e et

m—r LTLY S0

Fig. 25: Result for buildings within 70m buffer zone

}‘;l‘iu \r/?liz;feSths s result of the query of those buildings thatare of
the low v;?nl “g.f.ate- Ninety-six (96) of the buildings are within
risk but Cautf(,ra ility zone. These buildings are not potentially at
cannot be ful] . nle.eds to be taken as the prediction of the rainfall
of the river is zlre ied upon. Besides, the extent to which the course
to flooding was e of debris, water weed and refuse that can lead
isthe map of th notascertained in the course of this study. Figure2
ebuildings within low N —
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B

B vcotasE WaosRamTY
S v wa e v
B wist R Ty

Fig.26: Buildings within 70m buffer distance (Low

vulnerability zone)

4.3.3 Determination of the building type that is vulnerable

The query syntax was narrowed down to specify type of building,
functionality in terms of usage of the building which could be
commercial, residential, industrial etc. This will help in times of
rescue operation during flood by providing information on the
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ffected building based on what is cxpcctcd to [?c reseucd from g,
iuicltiing The syntax used is the multiple criteria query operatigy, i
stated below:

SYNTAX [BUILDING USAGE = RESIDENTIAL AN
VULNERABILITY RATE <4]

K;‘!Ifuli‘”wu;l
o~y v Ty

@9
wiPoNeOn: g g

Hoe

Ml YT

N 2N
o N
-~ ' ,'u

| '.\‘:

| ) /
L oZa
g e T ST ma g A L~
otnsaietvys, I ARSI Yot 1A ¢

Fig.27: Query for buildings that are residential within
vulnerability zones

Figure 27 §h9ws that the result of the query of residential buildings
that are within vulnerable zones were eighty-eight (88)while Fig.

28 shows the map of the residential buildings that are within the
vulnerable zones,
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MAP SHOWING THE RESULT OF MULTIPLE CRITERIA GUERY
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Fig.28: Residential buildings within vulnerable zones

4.3.4 Classification of vulnerable buildings

In the classification of vulnerable buildings, the “classify” in
ArcGis spatial analysis function was used to classify the buildings
in the study area into four zones. This was done to enable at a glance
assessment of the buildings that are of high, moderate, low
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r_/_’—-’-—"""—— Numiber of buildings wiithin Vailnorability rate

[ Builfing

| each category

I—————,__, et High

Categorics |

\""’_T_—”_d‘ 73 Modorzte —
Categonics 2 |

|

[Categories 3 |96 i

| Categorics 4 | 1885 Non

.

re not vulnerable to flooding as showp,

yulnerability and those that 2

in Table 8.
Table 8: Classification of buildings according to vulnerabi“ty
able 8:

rate.

Source: Onosemuode and Ovririe (2014)

Buildings that are of high vulnerability rate are 17, buildings that
are of moderate vulnerability are 73, those that are of low
vulnerability and non-vulnerable are 96 and 188,5 respectively.

Onosemuode (2015), assessed the spatio dynamics of surface water
characteristics of some rivers in Delta State and found out that most
r.ivgrs which serves as source of drinking water to most people
living in communities situated along the banks of these rivers are
vulnerable to water borne diseases. These diseases were traceable
EESS(:)ur(ie of domestic, agricultural, industrial wastes and sewage
wastesfh; :g)r:in ll;up-off from urban landscape and other forms of
These Vario::s stoslr way from umdentif"led_sources into thef rivers.
maintain high levgzsf(;lf wastes made it difficult for the'rlver.s to
The need for th ygienic water through self -purification-

€ provision of portable water supply fof

Communities alop . wer
recommendation o%tﬁg:titgg rivers formed the highlights of the
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Geospatial Perspective of Environmental Development

5.0 :
and Monitoring

Environmental development is the outcome of investment In

infrastructure, scenic surroundings. green arcas, and public spaces.
sle. there has to be monitoring designed to

For “this to be sustainat
help us understand the natural and man-made environment and

protect it from any negative outcomes of human activity. This
section presents the studics of development and monitoring of
infrastructure, landscape and environmental sensitivity index map

for oil spill clean up

5.1 Infrastructural Planning and Monitoring

Onosemuode and Abidogun (2014), in their study of the use of
Geoinformatics for the planning and monitoring of maintenance of
infrastructural facilities are of the view that an organization
(institution) can only survive if there are enough and well
maintained infrastructural facilities. When these facilities are
available, lack of maintenance culture may affect the life span
hence, the need for provision of new ones, and fund for which may
not be readily available. How can this maintenance be planned for
and monitored? In order to answer this question or any other related
ones prompted this study. The infrastructural emphasis in this study
includes buildings, roads network, and electric poles. The
composite map of the study area is shown in Fig. 29.
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Fig.29: Composite map of Study Area.

5.1.1 Determination of Buildings that needed Minor Repairs

In the determination of buildings that needed minor repais. the

Single Criterion Query was used adopting the followmg syvntan

From the Menu bar of ArcMap of ArcGIS 9.3 click on “*Selection™
From the drop down menu, click on “Select by Attribute”™
Using the query operations the attributes to query was sclected as
follows:
SELECT*FROM BUILDING

WHERE [Maint_stat]-"Minor Repair’

CllckonApplyand Ok to generate the outputin Figure 30

4 MAP OF BUILDING FOR MINOR REPA Rx
o o .,-,*.— |
i
1
e i
| 8|
5‘ i
| |
.‘ . B i
= — p— — % |
: Legend it
} 771 samacnn v eome H
_-.-\u?:‘.- »i
{ -3 o0 Maters /)

Fig.30: Queried buildings that needed minor repairs

Figure 30 above shows buildings needing minor repairs
highlighted. Mostly affected are the staff quarters. It has been a long
time repair work was done on any of the quarters; this may be due to
Government Policy on Monetization. From the result of the query,
sixteen (16) buildings needed minor repairs.

5.1.2 Determination of Roads that Needed Drainages
In the determination of roads that needed drainages, the Single
Criterion Query was used adopting the following syntax:

From the Menu bar click on “Selection”

From the drop down menu, click on “Select by Attribute”

Using the query operations select the attributes you want to query as
follows:
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L IN STATI=

of the output genera

HNEED REPAIR”

C . .
e tedisshowninFig.31.

WHERE(
The outcome

170000
e
+ . |
v
+
/ B
/
- J
+ B
!
i. + s + + ¥ 5
oo 70400 170600 170850
wesee
Legend
e ROAD NEED DRAINAGE
SR 0uUlLDING Y
| BOUNDARY1
140 70 0 140 Meters J

T NEEDS DRAINAGE.

O SRR

5.1.3 Determination of Pipelines that Need Repairs

In the determination of pipelines that need repairs, the Single

Criterion Query was used adopting the following syntax:

From the Menu bar click on “Selection”
From the drop down menu, click on “Select by Attribute”

Using the query operations select the attributes you want to query

as follows

SELECT*WATER _FLOW

WHERE [Maint_stat]="Fair”

The outcome of the output generated is shown in Figure 32.

Fig.31: Queried Road Drainages needing Repair.

From Fig. 31 above, the roads from student union building passing
through the staff quarters and that leading to the office complex
(“Abuja”) need drainage. This is important as the roads are being
eroded due to the effect of erosion when rain falls.
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Fig.32: Query Result of Pipelines that are Fair/needing repair.
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were aged and needed to be ,

hanhalf ofthe Pig)erm:gtsal replacement(Fig. 32). Tli gagc;l; —

- . nly -
I\;ﬁ:: are evenl Su:nes Jaid in the !ast _10 years, connecting nc\i l( MAP OF FAIR ELECTRIC-P OE‘E '
zxceptions are th ins. Some of the plPe|218889 are as old as the schog (e o e . il - —

- oo in . {1} " . . ¢ b
bml|({i‘l:rghsic(l)1 celebrated its Centenary 3‘ 5-4 + !
itsell, . o

‘ tric Poles t ;

o1.4 Determination of Electri hat Neegeq

o ; ce )

Ma',nte;:;llo felectric poles that needed maintenance the ) . L
In the dgt?mg‘;’ Qlu ery was used adopting the following syntay- i
Single Critert ' «Selection” |
clickon

S tﬁe xsgl:igf;n menu, click on “Sel(f.ct by Attribute”
Er‘?n;tthee query operations select the attributes you want to query ! |

sin - Y
follows ?

SELECT*FROM ELECTRIC_POLES

WHERE [Maint_st]=FAIR. _ o
The outco[me of the output generated is shown in Fig. 33.

11-; |7‘2; '1.-' !"‘ '_v
Legend i
|
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\ o 70 0 140 Meters ;:
7

Fig.33: Query result of electric poles that needed maintenance.
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All the 53 electri
ctric poles (Fig. 33) i
oles. This h: ‘ g. 33) in the study ar
Isahows th]alts lll‘llilmadc them prone to termite auzz/clllc"? WETC Wooqep
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. This should be in form of replacement l:? "I“Cnancc()r
the wood
en

poles with concrete poles.

; < . . .
- R K. Dcf&rmmatmn of Building Type T
Maintenance s M hat Needed
In tl.h.c Jetermination of building type needing maintena
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multple critena quen was used adopting the following Symaxe, e
~ Menu barclickon “Selection™ .

Fromthe!
From the drop down mentl. click on *Select by Attribute”

Using the query operations select the attributes you want to query as

N | P
folLIOWS.

SELECT"FRO\I BUILDING
WHERE[B_© ;‘:}:"Storey"AND [Maint_stat]=“Fair”

The outcome ¢ £the outputl generated is shown in Fig. 34.
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5.1.6 Conclusion
Onosemuode and Abidogun (20.14) cqncluded that when djq;
database for all entities and their attributes have been Crei‘;gl

spatial information can be retrieved at any point in time for ty
purp and monitoring the maintenance 0;:‘

ose of planning _ (
infrastructura Having the inventory of the facilities anq

| facilities.
how they aré spatially related is very relevant and are gooq
information for ta

king decision on the issue of maintenance as
demonstrated from the results of the study.

5.2 Geospatial Perspective of Developmental Control

a study of the use of geoinformatics in

landscape development control, focused on the adherence of
inhabitants of the studied area to set-back and land use of the
existing buildings based on the development control guidelines and
standards. The analytical capabilities of ArcGIS 9.3 were explored
by using it to process the attribute data and the spatial data. The
results obtained from queries, buffering, and overlay analysis
performed demonstrated the effectiveness of the application of GIS

in development control.

Onosemuode et al. (201 5),1in

5.2.1 The Existing Features in the Study Area
Temidire estate is a residential estate located in Og
Local Government Area along Ikoyi road, Oyo State:
area of about 800m by 550m, the estate currently house
buildings. The Fig.35 below shows the details of the estate:

bomosho North
It covers al
d about
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Fig.35: Existing features in t

he study area
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Fig. 39: Query of contravening building/structures

Figure 39, shows the result of the query indicating the number of
buildings/structures that were built on the wrong land use. The
generated query showed that out of the 61 buildings/structure in the
study area, 16 buildings/structures were built on land meant for
circulation, this amounts to about 9.8% of the whole

buildings/structures in the study area. The implication of the result
¢ v PLOTS - is that the buildings that were found located on the land meant for
| —Joram o it — circulation use will give way for road as time goes on.
. 5.2.5 Determining Adherence of Building to 6 Meter Road Set
| S soamak . el Back Using Buffering and Overlay Operations
Fig 38: Contravening buildings/structures Buffering is an act of creating zones of influence at specified

distance around features in such a way that the features will be
contained in a frame or window.

With the aid of buffering analysis, a buffer of 6 meters was created
for the roads within the layout. On the buffered roads, the building
Map layer was overlaid to depict the buildings that contravened the
Toad setback standards.
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5.2.6 Determining Buildings w;j

, Space) gS with Adequate Clearance (Air
Buffering operation was carried out to
building/structures that observed the 3-meters air

; spac i

was done in such a way that 3 meters zone of inﬂuerfce :/erxlsll:;ezgcsi

| around the buildings. This makes the buildings buffered to overl

| each other and after this operation o

= o

MAF OF TEMBIRE SHOWING THE ROAREL SE TRACKS
f t ? i

determine the

a spatial search i
| ) . »aSp was carried out
to determine buildings that were within the plots after being
. buffered.
¥
El
l " MAP 0: BUILDINGS WiTH ADEQUATE AIR SPACE
| ] - 4 : . .
MA M ISM’\‘I é3s000 'n:sz'.\'.o ey c:sw{v o -
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Fig. 40:Setback of 6m from roads 1

O s 110 220 110 440
o + + — o '
From Fig. 40, buffering operation was performed using 6meters! T S T~ = a— = —— ————— ———
create buffer zones on both sides of the road. It was discovered th 1:7,000
16 buildings did not observe the road setbacks rule and this maY_b L:..:?n PLOT I 1o STATION
due to the fact that the monitoring of development was not carrit g v~ ikttt
out as at the time of building neither was building plan approv i — P e
done for such buildings. B nounioany
4 SOURCE: NESEARCHER 2010

Fig. 41:Buildings with adequate airspace
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Fieure 41 above showed buildingslthat v\muld SUrVive the ¢

lg(lil~\-~lopmcnt control in Temidire Estate. The p
S}fo\:s:hat eleven (11) buildjngs observed the 3 meterc cf;\-.,.,-_!
ﬁirspacc (Fig. 41).This 1n‘1phcs that only the selected Building
Fig. 41 above would_survlvc the test of development ——,
adequate clearance airspace.

uffer ey

Vidture

5.2.7 Detecting Plots Affected by the 20 Meter Rivers' Sethaci
Using Query
Query involves the logical statements or commands issued i - -
to retrieve certain vital information cither in graphical or -
graphical formats to serve the purpose of the user. In view o .
information about plots affected by the rivers' set back. the char..
in the designed use of land and the present use of land in the Stud
area would be retricved using query. In detecting plots affected b
the 20m rivers' setback, the following steps were adopted:

From the Menu bar click on “Selection”,

From the drop down menu, click on“Select by Location™.

Click on select features from “plots”,

Then choose condition that intersect rivers' setback. click
apply and ok.

The query operation helps in bringing out the plots that were
affected by the setback to the river. In the F ig. 42 below, the details
of the affected plots were brought forth.
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Fig.42:Plots affected by 21Dm river sethack

FromFig. 42 cleven(11)plots were
scthack to the river at 20m and the imp

pl«»t s selected are not to be considered for v

5.2.8 Conclusion

Onoscmuode er al, (2015) concluded th

importance of GIS in landscape devel
overemphasized. Given s spatial

building databases, update and retnieval of the same 5 2 »
development.

The demonstration of this 1s shown

database was created with the object to carm

and spatial search aimed at checking contran
Control Regulations. This 1s to serve as 2 . >
decision support System (Onosemuode and L. -
relevant bodies
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5.3 Environmental Sensitivity Index Mapping For Qi Spill
Clean up . _ .

e at -al. (2019) mn 2 recent study carried oyt
glrb?:sﬁ;lggtal sensitivity index (ESI) mapping of the Petroleu?:;
Product Marketing Company (PPMC) pipeline along Ugbomp,
community, Delta State. The study 1s to provnd.e information on t, o
coastal and inland resources that would be at risk at the event of o
oil spill. To this end, the study a}tten?pts to establish the inlapg
r sensitivity to oil spill along the 4.95km of the

habitats and thei : _
PPMC pipeline passing through Ugbomro community and as it

relates to its environs.
5.3.1 Buffer Zones of the Land use/cover along PPMC
Pipeline Corridor
ntified and represented in the

The inland habitat classes were ide .
land cover/use feature within the established buffer of 75m, 250m

and 500m according to local and international standards (Fig. 43).
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Fig.43:Buffer zone standards along PPMC pipeline corridor
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¢ established buffer standards t i
, Table 9 shows that bare surfgcdccc.lcorg;mmhe burffcrz()ncS
op of the land area, rcspcctivcly, builltlpgl 6;;56‘:)' i
| 36%,. 206.68% and 335.08%, respectively, " i
.oned 2.42%, 1.73% and 1.67% respectively. semj .
tion has 53.81%, 39.68% and 29.57%, respectivels 1.\
boz}’ within th? specified buffer zones occupied 0.58%,. ;)e(;:g"u Z:CJ
1.13%, respectively apd wetland has 25.26%, 24.48%, and 24';7?
s ectivel}f- The ha_bltat that wquld be of most concern ‘.vith.i;xﬁthrj:
75m buffer is th.e t_)gllt up area with the presence ofsocio-economi;
and cultural activities that have direct relationship with the people
and the impact increases for buffer zones of 250m and 500m. w hpiI;
this is closely followed by farmland that have direct impact‘on the
ple of the study area but with a decreasing impact as the buffc;

vegetd

peo
zone increases.

Table 9 Statistics of the Land Use/Cover for the Different
Buffer Standards

Buffer Standards Local Buffer International Buffer | Intermanonzl Bu [
(75m) (250m) (500m) I
Landuse/Cover Class | Arca (ha) 100% Arca 100% | Area |10
(ha) (ha) |
Bare Surfaces ‘
urfaces 4.87 656 | 16.64 683 | 3341 | 832
Built ,mUp A .
p-Areas 8.44 1136 | 64.96 668 | 1881 | 350
Farmland aa | 67
5 1.8 2.42 4.02 1.73 793 | 57
emi Natural Vegetation ' .
= 39.97 53.81 966 3968 140.04 2957
ater Bod . o
i 0.43 0.58 1.66 068 [ 535 | 113
Wetland = 2422
18.76 25.26 59.59 2448 11468 £o
TOTAL c 100
74.28 100 243.46 100 47352 s

Source: Onosemuode et al. (2019).
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5.3.2 Sensitivity Index Ranking and Classifications of

fi Table 10: Landuse/Cover Sensitivity Ranking and CJass;
Landuse/Cover ¢

fication

The environmental sensitivity index (ESI) map of the study area Landuse/cover Classes :Enn:(::?;;nlenl:al ) Sensitivity | ESI Class

shown in Fig.44, while Table e SR thelanduse/cover SenSitivity )an\i___\
ranking and classification with pullt up area, water bog " Built Up Area VH Mo

wetland having ESIranking very high and having ES| classiﬁcation Water Body VH g ———
of 5A, 5B and 5C respec‘tlvely. Farmland ESI ranks high With Eg; Hand VH i
classification of 4, semi nat}lral vegetation has ESJ ranking o We .

medium with ESI classification of 2 and bare surfaceg had Eg, Farmland | 4D ]
ranking to be Low and ESI classﬁ_'led as 1 (Table 10). The detajj o Semi Natural Vegetation M =

each landuse/cover are discussed in subsections below. P = 5 —

Source: Onosemuode et al. (2019).

5.3.2.1 Built-Up AreasESI Classification and Ranking for the
Buffer Zones
The built-up area within the study area generally comprise of
pockets of communities and other settlements within Uvwie Local
Government Area. The Built up area has environmental sensitivity
index classification of 5A and ranks very high (VH) for ESI (Table 9
and Fig. 45). The very high Sl is as a result of the presence of the
socio-economic and socio-cultural activities due to the presence of
the Federal University of Petroleum Resources that is centred in the
study area. When built up areas are impacted by oil it poses direct or
indirect impact on the people, the flora and fauna. Oily sheens are
formed on the soil surface and the oil can stick to the walls of built
up structures if the spill is heavy. Oil may come in contact with
domestic material such as paper, broom and domestic waste
generating oily waste which must be properly managed to minimize
Pollution. When pipeline cuts across the communities they are at
risk of accident that may lead to fire disaster and destroy lives,

Fig.44: Environmental Sensitivity Index Map of the Study Area
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ivelihood. This very high S[ ran:
. d means of livelihood. - ' high ST rapyg,
pros&ntlﬁ Zr:rf]ore call for urgent attention and priority respon :
wo

8¢ in
times of oil spill incident.
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Fig.45: Built-Up Area along the Pipeline Corridor

5.3.2.2 Water Body ESI Classification and Ranking for the
Buffer Zones

The environmental sensitivity index classification of water body is
5B ranking very high (VH) next to built-up arca (Table 10 and
Flg.{46); this is because marine environment is very sensitive to oil.
Marn?e spill maybe difficult to contain, recover and remediate. It
[(;fmtams.ﬂora and fguna that include aquatic plants, fishes, water
i (hor brsding o migttry s, ond reptls. Ot
Oil tends to ﬂoai - :Lisdn‘ml. frog, toad and wu.lcr‘hyqunlh‘.
Depending on the nature OII)’rtTd S on water bccuu:\'c it is llgh'lc.l.

1¢ o1l spill and type of water body 1t1s
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1jed ON; when the spilled oil is acted upon by factors such as

spil i gravity, wind action and direction it may result in processes
Spe(}? as dispersion, weathering, evaporation. oxidation,
suc

bi degradatiOU and emulsification.
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Fig. 46: Water body along the Pipeline Corridor

5.3.2.3 Wetland ESI Classification and Ranking for the Buffer

Zones ‘
Wetland in this study has environmental sensitivity index class of
5C and ranks very high (VH)next to water body (Table 10 and
Fig.47). The wetland is generally characterized by swampy and
marsh/grass surfaces. Also comprise of biological lives such as
crustacean, fishes, snapping shrimp, water snail, mudskipper and
reptiles. Birds can be found here seasonally as they migrate for
breeding and mating purpose supporting other habitat arounfi them.
Oil spilled in this habitat usually persists for long as undcrlym_g wet
soil below marsh and grasses restrict oil from flowing; leading to
percolation of oil and seepage into the subsoil. As a result
hydrocarbons are deposited in the ground water aquifer. Grass

87

CamScanner


https://v3.camscanner.com/user/download

s

covered with oil get stick :
surface when spillage is heailzyz_md soggy leaving residue over the

: nnave T P AN

-  vrea Wt B AG
@ unan Lo e RO
- em e P Areay
- Aquee 7T Wenana
® e T v
W vwaeei Ansmans [T naw numaces
& e 7071 water Daay
—— . U0 sy et Veaetated
" esrs ° L
S L T -

Fig. 47: Wetland along the Pipeline Corridor

5.3.2.4 Farmland ESI Classification and Ranking for the

Buffer Zones

Farmland has ESI classification of 4D with high as ranking of its

ESI (Table 10 and Fig.48). Farmland as used in this study de§cribes
area where agricultural activities are carried out for subsistence
und here are different flora species

purposes. The biological lives fo diffe
and fauna like snakes, ground squirrel, monitor lizard, and agama
lizard. When farmland is polluted by oil the flora and fauna are
affected as well as the ground water as oil seeps through s_011. Plants
ate residue of hydrocarbon in the soil; if they ar¢

may bioaccumul : h
ingested by human or animal it can have adverse healt
implications.
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Fig.48: Farmland along the Pipeline Corridor
5.3.2.5 Semi Natural VegetationESI Classification and
Ranking for the Buffer Zones
The feature semi natural vegetation is found mostly along the
pipeline route south of Ugbomro, sparsely distributed between
Ebrumede and Ugbolokposo communities and largely in FUPRE.
The semi natural vegetation has ESI classification of 2E and is
Fanked medium (Table 10 and Fig.49). Some flora found here
include varieties of shrubs and grass species and faunas like
rodents, Xerussp (ground squirrel) and Rattus sp. (giant rat).
Generally spilled oil travels slowly in this environment. Oil
{Jengtrates the topsoil and seep into the ground to infiltrate the soil
eaving a slippery surface on the topmost soil layer.

89

(&1 CamScanner


https://v3.camscanner.com/user/download

J

CRESRNES

Fig.49: Semi Natural Vegetation along the Pipeline Corridor

5.3.2.6 Bare Surfaces ESI Classification and Ranking for the
Buffer Zones

I'hey are found at different section of the habitat. They have been
cxposed to human activities mostly in bid to reclaim land portions
while some scctions of it have been impacted by various natural
components. Its ESI is ranked low (L) and its ESI classification is
T (Table 10 and Fig.50). It would suffer the least impact in case of
anoil spill. Generally, very few animals exist in this habitat some of
them are lizard, cricket, small rodents and some other creeping
inscets. Ol tends to accumulate on topsoil and slowly seeps into the
ground. Oil spill leaves stain on the soil surface as oil seeps into the
soiland pollute microbiological species and ground water aquifer.
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Fig. 50: Bare Surfaces along the Pipeline Corridor
5.3.2.7 Emergency Response Zone (ERZ-1)
Emergency response zones (ERZ) is usually strategically
positioned at areas considered to be easily accessible; between area

that the inland habitat features are likely to suffer great harm and
where responders and equipment such as hard booms skimmers
storages and vehicles can easily be deployed within '1 short time:
after oil spill incident has been reported.
The cmergency response zone (ERZ-1) has been proposed to be
cstqbllshcd along the PPMC pipeline corridor around the point at
which the pipeline pass through the Federal University of
Pclrolcqm Resources, Delta which falls within the 500m buffer
zone (Fig. S1).The rationale being that the agency responsible for
emergency response to oil spill and PPMC are some distance with
the pipeline passing through the University, there is the danger of
sabotage from student unrest anytime. To this end the institution can
Serveas ERZ to cater for emergency spills.
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Fig. S1Emergency Response Zone along the Pipeline Corridor

5.3.2.8 Conclusion
In conclusion, Onosemuode et al. (2019), reported that the PPMC

pipeline safety can be evaluated as an individual risk, where the
safety zone is set as the right-of-way. Thus the surrounding
ecosystem features that are endangered by oil spill can be pre-
determined. The generation of buffer zone based on the standards
encapsulates the endemic ecological resources that are susceptible
to contaminants from pipeline oil spill, vandalism and ruptures due
to mechanical or human errors along the study area. These ESI
maps will aid involved authorities and agencies responsible 1n

managing oil spill disaster in understanding what and where to
respond to and the require

d equipment to use in managing oil spill
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