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ABSTRACT

This study analyzed the renewable energy potentials (solar energy, wind energy and hydropower) in
Zaria using Geographic Information system (GIS). Three types of data were used for this study
namely; solar radiation data, wind speed data and hydrological data. Twenty two (22) year monthly
average of solar radiation and 10 year monthly average of wind speed data (at an altitude of 50m) of
each political ward in the study area were obtained from the National Aeronautics and Space
Administration (NASA). These are the available solar radiation and wind speed data on the NASA
website. These data were used to map the solar and wind energy potentials in ArcGIS 10.3 software.
The hydropower potential was determined by digitizing the water bodies in the study area in ArcGIS
environment. Findings revealed that the amount of solar radiation received in the study area ranges
from 5.52 to 5.78kWh/m?/day. It was found that the wind speed in the study area ranges from 3.20 to
4.50m/s. Three sites have been identified that can be used for generating hydropower in the study
area. These are, Ahmadu Bello University (A.B.U.)/Kubanni dam, Shika dam, and River Galma. It was
observed that the solar energy potential in the area is enormous while the wind energy potential is
moderate but significant for generating electricity in the area. Also, each of the dams identified in the
area has small scale hydropower potentials which can be harnessed to increase the energy supply
mix in the area.
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1. INTRODUCTION

Nigeria is endowed with
abundant renewable energy
resources, but the country is mostly
dependent on fuelwood and fossil fuels
as sources of energy for industrial and
household activities (Vincent-Akpu,
2012). Only about 40% of households
in Nigeria are connected to the
national electricity grid, provision of
electricity for commercial, industrial
and household activities is largely
supplemented by private producers or
the wuse of fossil fuel powered
generators (Omokaro, 2008). This
unsustainable energy situation can be
reversed by developing the renewable
energy resources in Nigeria.
Renewable energy resources are
those that can be easily regenerated
after they have been used, examples
are solar energy, hydropower,
geothermal energy, biomass and wind.

Nigeria has all of these renewable
resources distributed across different
parts of the country.

Nigeria is endowed with an
annual average daily sunshine of 6.25
hours, ranging from 3.5 hours at the
coastal areas in the south to 9.0 hours
at the far northern boundary, which
can be exploited to reduce
dependence on fossil fuels in the
country (Qji et al., 2012). The country
has an annual average daily solar
radiation of about 5.25kW/m?/day at
the coastal area and 7.0kWh/m?/day at
the northern boundary, with an
average daily incident solar energy of
4.85%x10"?kWh and annual
1.804x10"°kWh. This implies that, only
about 37% of Nigeria’s land area is
required annually to harness the
amount of solar energy equivalent to
the conventional energy reserve in the
country (Chendo, 2002).
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Also, Nigeria has enormous
wind energy resources which can be
used to generate electricity. This is
because wind speed in Nigeria ranges
from 1.4 to 3.0m/s in the southern part
of the country and 4.0 to 5.12m/s in
the extreme north (Idris et al., 2012).
Wind energy has been used for rural
electrification in Northern Nigeria as it
has also been used to pump water
from open well for domestic and
irrigation purposes (Agbetuyi et al.,
2013).

Hydropower is one of the major
sources of renewable energy in
Nigeria; the country is endowed with a
lot of rivers, river basins, streams and
some few natural waterfalls. Some of
the rivers maintain minimum
discharges throughout the year. The
Nigerian government has installed
eight small hydropower stations with
aggregate capacity of 37.0MW (Okafor
and Uzuegbu, 2010). Moreover,
Nigeria has enormous hydropower
potentials along the numerous river
systems, where a total of 70 micro
dams, 126 mini dams and 86 small
sites have been identified (Oyeneye,
2004). Also, in a study carried out in
twelve states and four river basins in
the country, over 278 unexploited
small hydropower sites with total
potentials of 734.3MW were identified
(Aliyu and Elegba, 2015).
Nevertheless, hydropower currently
accounts for about 29% of the total
electrical power supply in Nigeria
(Abiodun, 2012), and the total
technically exploitable hydropower
potential based on the country’s river
system is estimated to be about
11,000MW of which only 19% is
currently being developed (Okafor and
Uzuegbu, 2010).

Studies have been carried out
to assess renewable energy potentials
in different parts of Nigeria. For
instance, Otun et al. (2012) evaluated
the hydropower potentials of the

Kangimi reservoir in Kaduna state and
found that the reservoir can potentially
generate 1.109MW and 0.692MW if
the Kangimi reservoir dam axis is
respectively placed at 612m and 604m
above mean sea level. This hydro
electric power potential of the reservoir
can adequately meet the 872.566KW
total estimated energy needs of the
communities neighboring the Kangimi
reservoir. Hassan and Onimisi (2013)
assessed the global solar radiation at
the Afaka site of the Nigerian Defence
Academy (NDA) in Kaduna State
within the period of March to May; their
study found that although the global
solar radiation in the area exhibits
monthly variation, the mean values of
all the months is significantly above
the benchmark of good average
radiation level required for solar
energy application. Eke (2013)
investigated the optimum angle of
inclination for flat plate solar collector
in Zaria, he found that an annual
increment of about 4% of solar
intensity will be achieved when a flat
surface is located at a predicted
optimum angle of inclination for each
month of the year.

Nigeria has a lot of renewable
energy potentials in form of solar
energy, wind energy and hydropower
which have remained largely
untapped. A very critical step in
renewable resource exploitation is to
identify the magnitude of the
renewable energy potentials across
geographical locations in the country.
However, little attention has been
given to this area of research in
Nigeria.

Several methods are used to
analyze renewable the renewable
energy potentials in an area or region.
The methods include statistical
modeling, geostatistical approach and
the use of Geographical Information
System (GIS) techniques. Akpootu and
Sulu (2015) employed twelve different
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Angstrom-Prescott based empirical
models to estimate the monthly
average daily global solar radiation on
a horizontal surface at Zaria in North-
Western, Nigeria. They observed a
noticeable underestimation of diffuse
solar radiation by all the models in the
months from February to April. An
alternative to this method is the
application of GIS to anlyze solar
energy potentials in the area. GIS is as
a powerful set of computer tools for
collecting, storing, managing,
retrieving at will, transforming, and
displaying geographic data from the
real world in order to achieve a
particular objective (Burrough and
McDonnell, 1998). Ramachandra
(2007) employed GIS to map and
analyze spatial variation in solar
potential in Karnataka state of India,
based on global solar radiation data.
Ismaila (2006) analyzed the potential
hydropower sites in Nigeria using GIS.
Olatunji and Sanusi (2013) analyzed
the wind energy potential in Zaria
metropolis using GIS. They found that
the maximum average wind speed of 3
m/s at a height of 10m is usually
experienced from the month of
January through July and low average
wind speed period observed from
August to December. The aim of this
study is to analyze the renewable
energy potentials of Zaria using GIS
with a view to assess the solar energy,

wind energy and hydropower
potentials in the area.
1.1 The Study Area

Zaria is located between

latitudes 11°00-11°10" North of the
Equator and longitudes 7°36' - 7°45'
East of the Greenwich Meridian as
shown in Figure 1. It is bounded to the
north by Makarfi, to the south by Igabi,
to the east by soba and to the west by
Giwa Local Government Areas (LGASs)
of Kaduna State. The area constitutes
two LGAs (Zaria and Sabon-Gari) with

the population of 408,198 and 286,871
respectively  (National  Population
Commission, 2006). The projected
populations of Zaria and Sabon-Gari in
2016 are 546,985 and 384,407
respectively.

Zaria is located on a
monotonous rolling to gently
undulating plains between 600m and
800m above sea level. It forms part of
giant high plains of Northern Nigeria
(Mortimore, 1970). The area is
underlain by undifferentiated
Precambrian  basement  complex
formations comprising of both igneous
and metamorphic rocks. The area has
a combination of older granite and
undifferentiated older alluvial and
younger laterite (Wright and McCurry,
1970).

The climate of Zaria area is
described as tropical continental,
characterized by two distinct seasons,
wet and dry season. The mean annual
rainfall is about 1099.3mm. The
climate of the area is influenced by the
tropical continental air mass from the
Sahara desert and the tropical
maritime airmass from the Atlantic
Ocean (Shehu, 2010). The natural
vegetation of the study area is the
northern guinea savannah type
(Jackson, 1970). The River Galma
forms the main focus of the drainage
system in Zaria and its tributeries are
Kubanni, Shika and Saye.

Zaria is inhabited by civil
servants, traders and a larger
population in the rural areas engaged
in subsistence farming .The economy
of Zaria is agricultural supplemented
by various non-agricultural traditional
industries. Some of the main
agricultural crops cultivated in the area
are yam, cassava, cocoyam, maize,
cowpea, guinea corn and millet,
cotton, ginger, ground nut, and soya
beans. The study area is endowed
with a number of flourishing markets
where people from far and near
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conduct business transactions daily
(Usman, 2013). Industrial areas found

in Zaria include Muchiya, Cikaji and
Dambo-Dakaci industrial layouts.

Lalees
[ ] stusyarea
:i LA, Boursd ary

| Stae Bouncary
|:I MHiahona Boundary

1y
1

L

TR E TEASOTE TrADOT E TrAAWTE TS00TE
x M L L 2
= -, — ~ =
= L A G H ARSI OO B L0 e e -"'f e
= . - b - o =
= 4 2 - =
— -.__R o . e =
_M_’{.- e [ G DA ‘,_/ 'P; rd
e <3, h J
'lrr T e S B _r."’} 4«-“?
T.;:‘l?-n LR ST T . d "b"
- - - A
"'—.\ P s, LA G Em s [ e
F . ' 4
B v =
o |II BIYE MR SR - GO AMER AN =
= | = - = iy - -5
= ", — . e s un L g =
R - e - e
o K‘-\-‘.ﬂ-n PV [ }' S, Y

ey o o rrene me sy = - T e

1 T " : oA e e 2l

i S R,
- | Legend } II'. > "'\r = T i
h: e e JUT B AL T LTt Dt A R DA, E
= o By s - - - T -
= i b L 5L s B P B 1 =

REEES * J  mamwsron e AR = - > o
Roads =| =
- Torw res: ) L e B I TR

" B0 M TR SR IV ER BO-A R
arim o a1 R T H aa
oy L

N

T
TENOTE

Figure 1: The Study Area

Source: Adapted from the Administrative Map of Kaduna State

2. MATERIALS AND METHODS

2.1 Types and Sources of Data
Three types of data were used
for this study namely; solar radiation
data, wind speed data and
hydrological data. Twenty two (22)
year monthly average of solar radiation
and 10 year monthly average of wind
speed (at an altitude of 50m) of each
political ward in the study area were
obtained from National Aeronautics
and Space Administration
(NASAwww.eosweb.larc.nasa.gov/sse/
). These are the available solar
radiation and wind speed data on the
NASA website. The hydropower
potential was determined by digitizing

the water bodies in the study area in
ArcGIS 10.3 software.

2.2 Data Analysis

The solar energy potential map
of the study area was generated in
ArcMap using the solar radiation data
of the various wards in the study area.
ArcMap is an application in ArcGIS
software for mapping spatial data. The
wind potential map of the study area
was also generated in ArcMap using
wind speed data. The hydropower
potential was estimated by
georeferencing and digitizing the water
bodies (dams) on the Google map of
the study area in ArcMap.
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3. RESULTS AND DISCUSSION

3.1 Solar Energy Potentials in Zaria
Renewable energy maps serve
as veritable tools for visualizing spatial
distribution and variations in renewable
energy potentials, which will guide
policy formulation and investment in
renewable energy development. The
solar energy potential map of the study
area is presented in Figure 2. It was
found that the amount of solar
radiation received in the study area
ranges from 5.52 to 5.78kWh/m?/day.
This is more than the minimum solar
radiation value of 5kWh/m?/day
required in an area for developing

T34 AE TTaAsnE
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solar power technologies (The United
State Department of Agriculture and
Forest Service- USFS, 2005). It was
also observed that the maximum
annual mean solar radiation of
5.96kWh/m?/day is received in Bomo
ward, while the minimum annual mean
solar radiation of 5.6kWh/m?/day is
received in Zabi ward. Though, most of
the wards in the area receive average
solar radiation of 5.74kWh/m?/day
which is quite good for installing solar
energy technologies to harness solar
energy in the area.
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Figure 2: Solar Energy Potentials in Zaria

3.2 Wind Energy Potentials in Zaria

The wind energy potential map
is presented in Figure 3. It was found
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that Bomo ward has the highest
annual average wind speed of about
4.53m/s at a height of 50m above sea
level, while Dutsen Abba, Wuciciri and
Danbo wards have the lowest average
wind speed of about 3.19 m/s as
shown in Figure 3. Hence, the best
place for siting wind farm in the study
area is Bomo ward. Also, spatial
variability in wind potential across the
political wards in the study area can be
observed from Figure 3. It can be
observed that the wind speed in the

T34 MCE T 0"E

study area ranges from 3.20 to
4.50m/s. This is not an overestimation
in view of the fact that Aidan and
Ododo (2010) predicted the wind
speed of Zaria in Northwestern Nigeria
using Weibull distribution function and
found that at height of 50m, the
minimum wind speed in the area is
2.35m/s and the maximum s
10.65m/s. Likewise, Lehmeyer (2005)
reported that the measured mean wind
speed at 30 m height in Northwestern
Nigeria could reach up to 4.9m/s.
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Figure 3: Wind Energy Potentials in Zaria
In addition, it was found that wind estimated at 2.89m/s, also, the

speed increases with height above sea
level and the average extractable wind
power per unit area of Zaria was
estimated at 9w/m? (Olatunji and
Sanusi, 2013). Similarly, the mean
wind speed at 25m height in Zaria was

monthly and annual mean wind energy
in the area is estimated at 5.32kWh
and 63.88kWh respectively (Agbetuyi
et al., 2012). This suggests that Zaria
has reasonable wind power potentials
that can be exploited as an alternative
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renewable source of energy in the
area.

Analysis of the wind speed data
revealed an average wind speed of
3.85m/s across the wards in the study
area. Therefore, the area is considered
of significant potential for harnessing
wind energy. Although the potential for
wind power in the area is not as huge
as the solar energy potentials, the
wind projects installed in Kano and
Katsina states can be replicated in
areas with relatively high wind velocity
within the study area.

3.3 Hydropower Potentials in Zaria

The hydropower potential map
of the study area is presented in
Figure 4. Three sites have been
identified that can be wused for
generating small hydropower in the
study area. These are, Ahmadu Bello
University  (A.B.U.)/Kubanni  dam,
Shika dam, and River Galma. Each of
these water sources has small scale
hydropower potentials. Shika dam has
a length of 900 meters and a designed
reservoir storage capacity of 349,911
m?3, while A.B.U. dam has a length of
84.4 meters and the storage reservoir
capacity of 30,331 m3. The Shika and
A.B.U. dams have the capacity to
generate 2.7 megawatts and 0.47
megawatts of hydroelectric power
respectively.
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Figure 4: Hydropower Potentials in Zaria
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This study has discovered reasonable
hydropower potential in the study area.
However, there is the need to develop
and conserve the hydropower
potentials in the area in view of the fact
that the annual loss of storage in
A.B.U./Kubanni reservoir is estimated
at about 1.16% (A.B.U. Committee on
Protection of the Kubanni Dam
Drainage Basin, 2008). Similarly, it
was discovered in another study that
the sediment vyield into Kubanni
reservoir was 20387000Kg/year and
the rate of siltation in the reservoir was
30,331m3/year (Otun and Adeogun,
2010). While the rate of shika dam
reservoirs loss might exceed 1.72 %
annually (McCully, 1996). The rate of
loss of these reservoirs due to siltation
is colossal and needs to be checked in
order to maximally exploit the
hydropower potentials of the dams.
4. CONCLUSION AND
RECOMMENDATION

Geographic Information system
(GIS) was used to analyze renewable
energy potentials in Zaria. It was found
that the area has enormous solar
energy and significant wind energy
potentials with mean values of
5.65kWh/m?/day and 3.85m/s
respectively. Also, there are reservoirs
identified in the area which have small
scale hydropower potentials. Although,
there is spatial variation in terms of the
renewable energy potentials over the
study area, Zaria provides a condusive
environment for harnessing solar
energy, wind energy and hydropower
which can be exploited to increase the
energy supply mix in the area. In order
to maximally exploit the renewable
energy potentials in the area, there is
the need to consider the spatial
variations in terms of the potentials
with a view to identify the most suitable
locations for the development of
hydropower, wind energy or solar
energy technologies.
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ABSTARCT

This study analyzed spatially solar energy potential in Kaduna State with a view to identifying the
optimum sites for harnessing solar energy in the area. Geospatial techniques were applied to map
solar energy potentials using the ground measured and the satellite solar radiation data of the study
area. Specifically, the Inverse Distance Weighted (IDW) interpolation was applied to generate the
solar radiation map using the Spatial Analyst tool in ArcGIS software. In order to identify solar energy
potential sites in the area, the Digital Elevation Model (DEM) of the area was obtained from the
Shuttle Radar Topographic Mapper (SRTM) data in ArcGIS environment. Then, the slope and aspect
maps of the area were generated from the DEM. Then, the solar radiation map, the DEM, the slope
and aspect maps were ranked based on the Analytic Hierarchy Process (AHP). Finally, the solar
radiation map, the DEM, the slope and aspect maps were integrated using weighted overlay to
produce the map of solar energy potential sites in the area. Based on the satellite data, the minimum
and maximum insolation values recorded in Kaduna State were found to be 4.47kWh/m?/day in
August and 6.32kWh/m?/day in March/ April respectively. Based on the ground data, the minimum
and maximum insolation values recorded in the state were found to be 4.92kWh/m?/day in August and
7.00kWh/m?/day in March respectively. Correlation between the ground and the satellite insolation
data was found to be positive. Analysis showed that Kaduna State can be divided into three classes in
terms of solar energy potentials namely; areas of very high, high and moderate solar energy
potentials, which are spread across the 23 Local Government Areas of the state. The maximum
insolation values are found during the months of March, April and May in the study area. Therefore,
these are the optimum times for harnessing solar energy in the area.

Keywords: Geospatial Analysis; GIS; Solar Energy; Potentials.

1. INTRODUCTION potentials but lacking energy security.
Solar energy can be considered With an average solar radiation of
as the most abundant renewable 19.8MJm?/day and average sunshine
source of energy on the Earth’s hours of 6 hours per day, Nigeria has
surface. Nigeria has enormous solar enormous solar energy potentials
energy potentials but the contribution (Vincent-Akpu, 2012). Also, the
of solar in the energy mix of the amount of solar energy received in the
country is insignificant because the country is estimated at 4.851x 10"
potentials have not been fully kWh per day (Oghogho et al., 2014).
developed or neglected (Omokoro, The geographical location of
2008). Nigeria’s energy scenario is Nigeria in the tropical climate offers the
characterized by a supply dependent country suitable locations especially in
on fossil fuels and fuelwood (Vincent- the Northern region for harnessing
Akpu, 2012) and energy demand far solar energy where 7-9 daily sunshine
outweighing the supply which is hours are experienced. Therefore,
epileptic in nature (QOji et al.,, 2012). there is the need to study the
This represents the picture of a abundant solar energy potentials in
country having vast renewable energy different parts of the country with a
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view to facilitating solar energy
development in Nigeria, which has the
capacity to increase the energy supply
mix to meet the demand for energy in
the country.

In Nigeria, researchers have
assessed solar energy potentials in
different parts of the country. For
instance, Augustine and Nnabuchi
(2010) used the monthly mean daily
global solar radiation, sunshine hours,
maximum temperature, cloudiness
index and relative humidity data for
some selected cities, Owerri and
Enugu in southeastern Nigeria, Warri
and Calabar in southsouthern Nigeria,
to assess solar energy in these cities.
Sanusi and Abisoye (2011) evaluated
the behaviour of three empirical
models based on the difference
between maximum and minimum
temperatures to analyze solar radiation
in Ibadan city of southwestern Nigeria.

Gana et al. (2014) assessed the
potentials for solar energy
development in Kebbi town of

Northwestern Nigeria using ground
measurement for the period of fifteen
years. Their results showed variation
of direct and diffuse components of
solar radiation in summer and winter
months. Also, Innocent et al. (2015)
used Angstrom-Prescott model to
estimate the global solar radiation
based on the monthly mean sunshine
hours recorded for six years in Gusau
town of Northwestern Nigeria. They
found that the values of global solar
radiation for the town ranged from
16.17 to 21.65MJ/m?/day over the
period of study with mean value of
18.80MJ/m?/day, which was found to
be sufficient for exploiting solar energy
in the area.

In addition, Okoye et al. (2016)
modeled the solar potentials of some
Nigerian cities using synthetic hourly
meteorological data for a complete
year. They found that on an annual
basis, the average daily global
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horizontal solar radiation in Kano state
was 6.08kWhm2 which is quite
significant for solar energy
development and utilization. Likewise,
Sulaiman and Umar (2017) compared
different empirical models based on
Angstrom-Prescott model to estimate
the monthly average daily global
solar radiation on a horizontal
surface for Sokoto State in
Northwestern Nigeria, using sunshine
duration, relative  humidity and
temperature. The selected models
were compared on the basis of the
statistical error tests. Based on the
statistical results, a new linear model
based on modified Angstrom model
was recommended to estimate
monthly average daily global solar
radiation for Sokoto State and areas
with similar climatic conditions where
the radiation data is unavailable.

A review of the above
mentioned studies showed that they
employed various statistical
techniques to model solar radiation
directly from insolation data, or,
indirectly from other climatic variables.
However, an alternative approach to
solar radiation modeling is the
application of geospatial techniques to
analyze solar energy potentials in an
area or region. Geospatial analysis
comprises of spatial analysis and
associated modeling techniques that
are provided within the Geographic
Information  Systems (GIS) and
associated software for the analysis of
geospatial data (De Smith et al.,
2015). Ramachandra and Shruthi
(2007) and Ramachandra (2007)
demonstrated the application of GIS as
an alternative method in analyzing
spatial variation in solar energy
potentials in Karnataka State of India,
and its ability in determining the most
suitable locations for harnessing solar
energy in an area or region. Basir et al.
(2013) employed Remote Sensing and
GIS techniques in identifying the areas
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with maximum solar energy potentials
in Pakistan. Also, Hermann et al.
(2014) used a GIS-based approach to
estimate the renewable energy
potential in Africa. Their findings
revealed that solar energy resources
have significant potentials in large
parts of the continent but with
remarkable differences when applied
through different solar technologies.

The aim of this study is to
analyze solar radiation in Kaduna
State of Northwestern Nigeria using
geospatial techniques with a view to
reveal the solar energy potentials in
the state which can be used as an
alternative renewable energy source to
facilitate socioeconomic development
in the area. The objectives of this
study are to:

i. analyze spatially solar energy
potential in Kaduna State using
both ground measurement and
satellite solar radiation data.
ii. compare and contrast between
ground measured and satellite
solar radiation data.
iii. identify the optimum solar
energy potential sites for solar
energy development in the area.
1.1 The Study Area

Kaduna State is located on the
“High Plains of Northern Nigeria” which
lies on altitude of between 450 to
745m above sea level (Udo, 1970).
is located between Latitudes 9°01' to
11°34" North of the Equator and
Longitudes 6°11" and 8°49' East of the
Greenwich Meridian as shown in
Figure 1.
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The area is underlain by the
Precambrian Basement  Complex
Rocks. The climate of the area is

13

described as Aw (tropical continental)
based on Koppen’s classification,
characterized by alternating wet and
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dry seasons. The rainy season is
heavily influenced by the Tropical
Maritime airmass from the Atlantic
Ocean, while the dry season is
accompanied by a dust laden wind
from the Sahara desert, known as
Harmattan, which is brought by the
Tropical Continental airmass
(Eludoyin, 2011). The Harmattan
greatly reduces the amount of solar
radiation received in the area. The
Northern Nigeria is generally
characterized by a northward increase
in temperature extending from July to
September before a reverse in trend in
the month of October (Adefolalu,
2007). The mean monthly temperature
in the area is about 27°C but higher
between the months of March and
May, representing the hot dry season.
The mean annual rainfall in the area is
1187.5 mm (Obot et al., 2010).

The area is characterized by
leached ferruginous tropical soil and
hydromorphic soils (Fadama) (Federal
Fertilizer Department, 2012). The
natural vegetation of the study area is

the north guinea savannah type
(Jackson, 1970). The common tree
species found in the area include
Acacia senegalensis, Adansonia
digitata, Isoberlinia doka, Pekia
bigloboza.

Kaduna State comprises of 23
Local Government Areas (LGAs) with
an estimated population 6,066,562
according to the National Population
Commission (NPC, 2006). The
projected population of the state in
2017 is 8,359,668. There are several
economic activities engaged by people
in the area which include civil service,
agriculture, business activities,
technical, as well as craft industries in
the area. There is a large population in
the rural areas engaged in subsistence
agriculture. Agriculture remains one of
the major economic activities in the
area because the area is blessed with
vast fertile agricultural land for the
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production of different varieties of
crops like rice, maize, millet, guinea
corn sorghum and wheat. In addition,
there are several animal species found
in the area. The study area is
endowed with a number of flourishing
markets, several commercial banks,
industrial estates and several textile
industries  (Ministry of lands and
survey, 1996). However, most of these
industries have grounded due to lack
of stable electricity in the area.

2. MATERIALS AND METHODS

2.1 Types and Sources of Data

The study used both ground
measurements of solar radiation
obtained from the Nigerian
Meteorological Agency (NIMET) and
satellite solar radiation data obtained
from National Aeronautics and Space
Administration Surface Meteorology
and Solar Energy (NASA SSE). The
ground-measured solar radiation data
were obtained in millijoule per meter
square per day (MJ/m?/day) which
were converted into kilowatt hour per
meter square per day (kWh/m?/day)
using the International Energy Agency
(IEA) General Converter for Energy to
achieve uniformity with the satellite
data.

2.2 Methods of Data Analysis
Geospatial techniques were
applied to map solar energy potentials
using the ground-measured and the
satellite data of the study area.
Specifically, the Inverse Distance
Weighted (IDW) interpolation was
used to generate the solar radiation
map. This was achieved using the
Spatial Analyst tool in ArcGIS
software. The solar radiation data were
arranged in Microsoft Excel, saved as
coma separated values (csv) and
imported into the ArcGIS environment
as points, using these points, the
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interpolation was carried out to
produce the solar radiation map.

In order to identify the solar
energy potential sites, the map of the
study area was used to delineate the
Digital Elevation Model (DEM) of the
area from Shuttle Radar Topographic
Mapper (SRTM) data in ArcGIS
environment. Then the maps were
georeferenced based on the WGS
1984 Geographic coordinate system.
Then, the slope and aspect maps of
the area were generated from the
DEM. Then, the solar radiation map,
the DEM, the slope and aspect maps
were ranked based on the Analytic
Hierarchy Process (AHP). Finally, the
solar radiation map, the DEM, the
slope and aspect maps were
integrated using weighted overlay to
produce the map of solar energy
potential sites in the area. In order to
determine the amount of exploitable
power in the study area, the following
formula was used: Cross sectional
area X the average power intercepted
at any time (Electropaedia, 2016).

15
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3. RESULTS AND DISCUSSION

3.1 Pattern of Solar Radiation in
Kaduna State

Comprehensive knowledge of
the spatiotemporal pattern of monthly
mean daily values of global solar
radiation reaching the Earth's surface

development of solar conversion
devices (Rehman and Ghori, 2000).
Table 1 shows the pattern of monthly
mean solar radiation in Kaduna State
based on the ground measurement
and the satellite data. This is because
satellite data is presently one of the
major sources of solar radiation data.

is required in the design and

Table 1: Ground-measured and Satellite Monthly Mean Daily Values of Global

Solar Radiation (kWh/m?/day) in Kaduna State for 1986-2015
Source Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
Ground 6.08 6.53 7.00 6.73 6.25 594 533 492 581 6.37 648 6.1
Satellite 576 6.1 6.32 6.3 594 54 48 447 511 563 6.11 5.7

Source: NIMET and NASA SSE (2015).

It can be observed from Table 1 that a
maximum  monthly mean  solar
radiation value of 7.00kWh/m?/day was

recorded in March based on the
ground measurement. It is also
observed from Table 1 that the

maximum solar radiation values were
constantly recorded between March
and April in Kaduna State. This can be
attributed to the fact that the months of
March, April and May fall within the
period of longer days and shorter
nights experienced in the northern
hemisphere. A longer day implies
longer sunshine hours per day. Under
normal conditions, the longer the
period of sunshine and shorter the
night, the greater the amount of solar
radiation received in an area (Rajan,
2017). Results also showed that based
on the ground measurements of solar
radiation in the study area as
presented in Table 1, a minimum
monthly mean solar radiation value of
4.92kWh/m?/day was recorded in the
month of August.

Analysis of the satellite-derived
solar radiation in the study area as
shown in Table 1 revealed that the
minimum insolation of 4.47kWh/m?/day
was also recorded in the month of
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August. It is also observed that in
Kaduna State, the insolation remains
high during the months of February,
March and April. This can be
accounted for the increasing sunshine
hours observed from the winter
solstice (December 22) till the summer
solstice (June 21) in the northern
hemisphere.

Findings revealed that even the
minimum solar radiation of between
4.47-4.92 kWh/m?/day received in
Kaduna State during the months of
July and August is significant for
harnessing solar energy in the area.
The minimum solar radiation value is
attributed to the effect of cloud during
the rainy season in the area. The
maximum solar radiation value of
7kWh/m?/day recorded in March is an
evidence of high solar energy
potentials in the area.

3.2 Comparison between Ground
Measured and Satellite Solar
Radiation Data

Based on the two sources of
data (ground-measured and satellite-
derived), the minimum insolation
values in Kaduna were recorded
during the month of August as shown
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in Table 1. The minimum ground-
measured insolation value was found
to be 4.92kWh/m?/day while the
corresponding satellite-derived value
was 4.47kWh/m?/day. It is observed
that the difference between the
minimum ground-measured and the
corresponding satellite-derived solar

radiation value is about
0.45kWh/m?/day.

Analysis of the differences
between the ground insolation data
and the satellite insolation data
showed that in Kaduna State, the

minimum differences of 0.32 and
0.31kWh/m?/day were recorded in May
and January respectively, while the
maximum differences of 0.70 and

September and October respectively
(derived from Table 1).

Comparison of the two sources
of solar radiation data as presented in
Figure 2 suggests some level of
correlation between the satellite-
derived and the ground-measured
solar radiation data. This correlation
was tested using scatter plots in
Figures 3, the correlation was found to
be positive suggesting that the
relationship between the ground-
measured and the satellite-derived
solar radiation data is strong. This
implies that in the absence of one
source of solar radiation data, the
other source can reliably serve as an
alternative.

0.74kWh/m?/day were found in
Kaduna
= 8.00
< 6.00
=
X 5.00
=
= 4.00
S
=z 3.00
= 2.00
=4
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% 0.00 = S EE Em S B B S B
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Figure 2: Monthly Mean Daily Values of Global Solar Radiation

(kWh/m?/day)
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Figure 3: Comparison between the Two Sources of Solar Radiation Data in Kaduna

State

Although efforts are being made by
Kaduna State government to install
Photovoltaic (PV) powered street
lights, little effort has been made to
harness the abundant solar energy
potentials in a large scale. The level of
solar energy potential across the state
as discovered by this study suggests
that there is the need to harness solar
energy using Photovoltaic solar
technology or Concentrating Solar
Power on a large scale. This can be
used as an alternative source of power
in the state and can be privatized to
generate revenue for the government.

3.3 Solar Energy Potential Sites in
Kaduna State

Figure 4 shows that Kaduna
State can be divided into three classes
based on solar energy potentials.
These are areas with very high solar
energy potentials which include
Kubau, Lere, Zangon Kataf, Kauru and
Ikara Local Government Areas (LGAs).
These are the most suitable areas for
harvesting solar energy in the state.

Areas with high solar energy
potentials which are: Giwa, Igabi,
Kaduna South, Kaduna North, Zaria,

18

Soba, Kajuru, Kachia, Kudan, Kaura,
Makarfi and Jaba LGAs. Areas with
moderate solar energy potentials
which are: Birnin Gwari, Chikun,
Kagarko, Jama’a and Sanga LGAs.
This is an indication that most areas in
Kaduna State are good for deploying
solar energy technology to harness
solar energy.

3.4 Available Solar Power in Kaduna
State

Knowledge of the average solar
radiation received in an area and the
cross sectional area extent is required
in order to estimate the available solar
power in the area (the average power
intercepted at any time). This is
illustrated below:
Since Kaduna state's cross sectional
area =46,053km?;
and the average solar radiation in
Kaduna = 5.1kWh/m?/day;
thus, the average power intercepted at
any time in the state =46,053X5.1
= 234870.3X 108= 234.870 X 10° kWh
= 234.870 X 10 MWh
= 20,195,184.867
equivalent.

tonne of oil
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Figure 4: Solar

4. CONCLUSION

Based on the satellite data, the
maximum insolation value recorded in
Kaduna State was found to be
6.32kWh/m?/day in March and April,
while the minimum insolation received
in in the state was found to be
4.47kWh/m?/day in August.

Based on the ground
measurements, the minimum
insolation value recorded in Kaduna
State was 4.92kWh/m?/day in August,
while the maximum insolation value
recorded in the state was
7.00kWh/m?/day in March. The
correlation between the satellite and
the ground insolation data was found
to be positive. These  suggest
that Kaduna has enormous solar
energy potentials.

Analysis showed that Kaduna
State can be divided into three classes
in terms of solar energy potentials
which are areas of very high, high and
moderate solar energy potentials
which are spread across the 23 Local
Government Areas of the state. The
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Energy Potential Sites in Kaduna State

maximum insolation values in Kaduna
State were recorded between March
and May. Therefore, the optimum
times for harnessing solar energy in
the area are the months of March,
April and May.
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ABSTRACT

In this study, two geostatistical techniques (Getis-Ord Gi* and Kernel Density) were used to determine
the spatial distribution and pattern of crime hotspots in Kaduna South Local Government Area in
northwestern Nigeria. In addition, the two geostatistical techniques were compared and used to
analyze the spatial pattern of crime in the area. The advantages and disadvantages of the two
techniques were highlighted; and appropriate locations for siting new police stations in the area were

recommended.

Keywords: Crime mapping; Geostatistical techniques; Getis-Ord Gi*; Kernel Density.

1. INTRODUCTION

The central role of government
as enshrined in the Nigerian
Constitution is to provide maximum
security to its citizenry. However, the
situation in Nigeria has taken a
different dimension as crime s
increasing at an alarming rate in spite
of the efforts of the law enforcement
agencies to address the situation. In
fact, the level of insecurity in Nigeria
remains an obstacle to the progress
and development of the country
(Balogun et al., 2014). This is because
crimes are committed on the daily
basis and offenders are sometimes
committing such crimes with impunity

in Nigeria (Akhavan, 2001). This
cannot be unconnected with the
traditional approach wused by the

various law enforcement agencies to
crime detection in Nigeria. However,
the advent of computerized crime
mapping has become one of the most
powerful tools that provide law
enforcement agencies with
sophisticated tools in fighting crime
and devise a means for crime
prevention (Santos, 2012). Geographic
Information Systems (GIS) provide a
powerful tool for representing crimes in
an analytical and descriptive way.
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Basically, the application of GIS in
crime analysis is to complement
traditional policing goals by allowing
law enforcement agencies to choose
where to target their efforts and
resources appropriately. Crime
analysis identifies patterns and trends
in crime data (Boba, 2001).

A good understanding of crime
data is required for effective crime
management (Odumosu, 1999). GIS
as a computerized tool for the analysis
of geospatial data can be used
effectively to study and understand
crime data. GIS can be used for crime
mapping, crime hotspots identification,
and crime analysis which are essential
for effective crime management. A
crime hotspot is a location within the
identifiable boundary that depicts a
concentration of criminal activities
(Anselin, 1995). Early crime analysis
methods frequently involved the
aggregation of crime to areal units,
while modern crime analysis methods
utilize GIS technology to identify risk
factors and locations that may attract
crime. However, crime mapping
implementation is relatively low in
Nigeria. Few examples can be used in
this context. Bala et al. (2014) used
GIS to map out crime zone in Katsina
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state, their findings revealed that theft
and stealing were among the highest
crime committed in the study area.
Similarly, Onyewuchi (2015)
developed a crime map of Imo state
and concluded that crime mapping is
very effective in crime mitigation and
control.

In Kaduna state of northwestern
Nigeria, criminal elements pose a
serious risk throughout the state.
Residents have experienced armed
robberies, assaults, burglaries,
carjacking, rapes, kidnappings, and
extortion (Umar et al.,, 2015). The
Nigeria Security Tracker recorded 454
violence-related deaths in Kaduna
between May 2011 and August 2013,
while the Armed Conflict Location and
Event Data Project (ACLED) recorded
140 separate explicitly  political
incidents of armed violence in the state
between 1997 and August 2013 (Taft
and Haken, 2015).

Moreover, in Kaduna south
local government, a suburb of Kaduna
metropolis which is inhabited by multi-
ethnic groups living together, crimes
are committed on a daily basis since
the area provides the kind of
atmosphere needed for crime to take
place, and a space for a specialized
and organized underworld (Osaghae
and Suberu, 2005). Despite the efforts
of law enforcement agencies to curb
the menace of criminal activities in
Kaduna South, crime and criminality
are on the increase in the area. In view
of this, it is crucial to devise a means
whereby law enforcement agencies
can find the best alternative approach
to crime management which usually
starts with crime mapping to visualize
the rate at which crime is concentrated
in a particular area (Odumosu, 1999).
This will go a long way in identifying

the crime hotspots, facilitate
understanding the pattern of crime in
the area for proper crime
management.
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Although studies have been
conducted on crime and criminality in
some parts of Kaduna State in Nigeria,
the use of geospatial techniques is
very rare in spite of its capabilities in
crime analysis. In this study,
geostatistical techniques which employ
the application of Gi* and kernel
density estimation to determine the
spatial distribution of crime hotspots in
the Kaduna South were used, and the
two approaches (Gi* and kernel
density) were compared with a view to
understand the spatial pattern of crime
in the area and suggest appropriate
locations for siting new police stations
in the area.

1.1 Study Area

Kaduna South Local
Government area (LGA) is one of the
23 LGAs of Kaduna state in
northwestern Nigeria. It is bounded by
Kaduna North LGA, Igabi LGA to the
west and Chikun LGA to the south and
east. It is geographically located
between Latitudes 954’ and 10729’
North of the Equator and Longitudes
659" and 8°09' East of the Greenwich
meridian as shown in Figure 1.
According to 2006 census, Kaduna
south has a population of 402,390,
comprising of 210,486 males and 191,
904 females, while population density
in the area stands at 0.02 per km?. The
area has a perimeter of about
6148.607 ha. The area is inhabited by
different ethnic and religious groups.

2. MATERIALS AND METHODS

2.1 Types and Sources of Data

The crime data used for this
study was obtained from the Nigerian
Police Headquarters in Kaduna State.
Then the Global Positioning System
(GPS) was used in order to obtain the
coordinates of crime locations in the
area. Kaduna street map was obtained
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from the GIS Laboratory of Ahmadu
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2.2 Methods of Data Analysis

There are various methods of
crime mapping. The choice of which
method to employ is guided by the
type of data available (incident data, or
aggregated data) and the purpose of
the map. Common methods of crime
mapping include point mapping, ellipse
hotspot maps, and Choropleth maps,
interpolated or smoothed maps and
isoline maps, as well as geostatistical
mapping. All of the above methods
have advantages and disadvantages.
In this study, geostatistical techniques
which employ the application of Getis-
Ord Gi* and Kernel Density Estimation
to determine the spatial distribution
and pattern of crime hotspots in the
area were used and the two
approaches (Gi* and Kernel) were
compared to determine the best
approach among them. To establish
new police stations across the study
area, suitability analysis has been
carried out using Thiessen polygon

Figure 1: Map of Kaduna South
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and the results show the existing
police stations and the proposed ones.

3. RESULTS AND DISCUSSION

3.1 Crime Mapping in Kaduna South

The analysis begins by
displaying all the crimes in the study
area based on their number of
occurrences as can be seen in Figure
2 where seven different types of
crimes are shown. The crimes are
aggravated assault, car hijacking,
grievous harm and wounding, murder,
rape, robbery, and terrorism.

Figure 2 represents the
percentages of crimes committed in
the area. It can be observed that areas
around Barnawa, Unguwan Mu’azu
and Tudun Wada have dense hotspots
of  crime indicating a high
concentration of hotspots. While areas
in Tudun Wada and Sabon Gari have
the highest records of crime as it can
be observed from the graduation of
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hotspots from red to yellow in Figure 3.
This can be attributed to the higher
number of people living in the areas,
availability of numerous commercial
activities such as banks and markets,
as well poverty and high level of
illiteracy in the area. As observed by
Akintoye (2008) who states that in a
country like Nigeria, where poverty and
unemployment are endemic, individual
citizens are likely to commit one form

322000 324000
1 1

32e000
1

of crime or the other in order to satisfy
their basic needs.

However, the result can be
computed statistically (using Z-score
statistical significance threshold
values) as can be seen below:

90% significant: Gi* z-score > 1.644
955% significant: Gi* z-score >1.960
99% significant: Gi* z-score > 2.576
99.9% significant: Gi* z-score > 3.291.
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Figure 2: Map of Different Types of Crime in the Study Area

Moreover, it can be observed
from the Kernel Density Hotspot Map
in Figure 4 that areas around Sabon
Gari and Tudun Wada have the
highest percentage of crime committed
and it reduces towards Unguwan
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Mu’azu and Barnawa. The graduation
of colors shows the density of crime
from higher to lower (hotspots to
coldspots). Areas with high crimes are
considered as “hotspots” while those
with low are known as “coldspots”.
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Crime Motspot at Kaduna South
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Figure 3: Crime Hotspot Maps

3.2 Comparison between Getis-Ord
G* and Kernel Density Estimation

In view of the fact that there are
various geostatistical techniques of
crime mapping, it is important to
compare between them in order to
determine the best technique of
producing a hotspot map. It was
observed that both Gi* and Kernel
density can be used to show the
density of crime in a particular area,
but the problem associated with kernel
density (Figure 4) is that in some
locations it may smooth across or into
areas where there is no record of
crime, because it is not constrained to
the high detail of underlying geography
of crime point distribution. Therefore,
crime mappers sometimes have to
explain to the police why there is an
apparent crime level (shading) in an
area where no crime is recorded. On
the other hand, Gi* techniques
compare local average against global
average. But sometimes, where it is
impossible for certain crimes to
happen (e.g., the incidence of
residential burglary in reservoirs, rivers
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Crime Hotapot at Kaduna South
using Kernel Density Analysis

- —

or any area where there is no
residential housing) can be identified
as the cells cover this area can be
extracted from the full grid coverage,
so they do not influence the global
average.

However, kernel density
estimation may smooth away the
peaks in areas where large bandwidth
aggregated high value with
neighbouring low values (see Figure
3). One way of addressing these
limitations is to use GIS in suggesting
the appropriate locations for new
police stations which is presented in
the following section.

3.3 Appropriate Locations for
Establishing New Police Stations

To suggest the possibility of
establishing new police stations across
the area starts with the analysis of
road network in order to show if there
is a need for establishing new police
stations across the area. However, the
network analysis is used in general
concept without considering traffic
flow, one way or two ways (FT or TF).



Savanna volume 23, Number 1, June, 2016

The analysis is meant to show how
police can patrol from one location to
the other and to see how fast police
can reach the crime scene. This will
assist in determining the adequacy of
the police stations and suggest if there
is a need to establish new ones.

3.4 Road Network Analysis

GIS was applied in the
production of the road network and
composite maps of the study area
(Kaduna south local government area)
which were used for the network
analysis as shown in Figures 5 and 6.
The composite map allowed us to see
the extent of the survey area along
with the landuses and the police
stations present. It further revealed
that most of the banks are located
around Sabon Gari and Barnawa while
the markets are mostly situated in
Tudun Wada, Makera and Sabon Gari.
Also shown on the map is the
distribution of various police stations
across the study area. It can also be
seen that Badikko has the least
number of police stations followed by
Makera. This calls for the
establishment of a more police stations
in order to complement the existing
ones.

However, the road network map
of the study area shown in Figure 5
comprises dual carriage roads as well
as major and minor roads. Also, on the
map are the names of the busiest
roads in the study area. Network
analysis is very crucial due to its ability
to solve numerous problems, such as
finding the most efficient travel routes,
generating travel directions, finding the
closest facility and defining service
areas based on travel time. Prior to
network analysis, some operations
need to be performed in order to
accurately obtain a reliable output,
such operations include data cleaning,
sometimes referred to as cleaning up
bad digitizing, the operation is carried
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out within ArcGIS software. Most free
data contained a lot of geometry
problems, therefore, there is a need for
thorough cleaning and all the junctions
or intersection points also need to be
separated in order to allow
accessibility.

3.5 Assessing the Sufficiency of
Police Stations in the Study Area

From the result of the analysis
conducted so far, it is vividly clear that
there is a need to increase the number
of police stations across the study area
in order to complement the effort of the
existing ones. Looking at the map, it
can be seen that areas around
Badikko, Unguwan Mu’azu and Tudun
Wada have few police stations,
especially Tudun Wada where the
population is high. When new police
stations are established across the
area, it will certainly reduce the
magnitude of crime committed and will
burst the morals of the officers of
Nigeria police stationed across the
study area to feel safe and secured in
discharging their duties.

Considering the  population
explosion in Nigeria and the study
area, in particular, it will be better if the
government employs a large number
of people into the Nigerian police so as
to complement the effort of the ones
presently  serving. Security is
paramount and it is a foundation for
every sustainable development, as
both international and local investors
will have confidence for investing in a
country where peace and stability
reign. The suitability map using
Theissen polygon in Figure 6 shows
the need of establishing new police
stations in some areas based on the
density of crimes.

Moreover, the Thiessen
Polygon in Figure 6 shows the
locations of the existing police stations
and the proposed new ones. It can be
seen from the Figure that areas
around Tudun Wada, Barnawa,
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Makera and Badikko have a high
number of crimes, and therefore
require the establishment of new
police stations across the areas. This

E
I i

Composite Map of the Study Area &

o

would assist in complementing the
existing police stations and by so
doing, the rate of crime in such areas
could be reduced.

A .

Rasad Network Map of the Study

Figure 4: Map of the Study Area

4. CONCLUSIONS

Two geostatistical techniques
(Getis-Ord Gi* and Kernel Density)
were compared and used for mapping
of crime hotspots in Kaduna South. It
was observed that both Gi* and Kernel
density have the capability to show the
aggregate of crime in area of interest,
but the drawback of kernel density is
that in some locations it may smooth
across or into areas where there is no
record of crime, because it is not
constrained to the high detail of
underlying geography of crime point
distribution. Therefore, this requires
explanation to the police or other map
users. While the Gi* techniques
compare local average against global
average. The disadvantage of Gi* is
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that it sometimes identifies crime in
locations where it is impossible for
certain crimes to happen. One way of
addressing these limitations is to use
GIS in suggesting the appropriate
locations for new police stations.
Findings revealed that areas around
Badikko, Unguwan Mu’azu and Tudun
Wada have few police stations.
Collectively, Badikko has the least
number of police stations followed by
Makera. There is therefore the need
for more police stations in these areas,
especially in Tudun Wada where the
population is high.

4.1 Recommendations
It is therefore pertinent for the
Nigerian law enforcement agencies to



Savanna volume 23, Number 1, June, 2016

migrate from primitive means of
keeping, tracking and analyzing crime
data to a more modern digital system
by adopting geostatistical techniques
and GIS in crime management. In
addition, this should be complemented
by establishing new police stations

across the area, which will certainly
reduce the rate of crime committed
and will boost the morale of the
officers of Nigeria police stationed
across the area, to feel safe and
secured in discharging their duties.
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Figure 6: Suitability Map of New Police Stations Using Thiessen Polygon
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ABSTRACT

The National Policy of Education in Nigeria contends that the success of education for all hinged on
proper planning and effective location of school facilities with a data management. This paper focused
on the creation of geospatial database for effective management of secondary schools facilities in
Zaria Education Zone. The aim of the study was achieved through identification of public secondary
schools in the study area by means of mapping using their geographic coordinates. The spatial
locations of the schools were complemented with the attribute data of some basic facilities in creation
of the geospatial database for the schools. Some attribute data were obtained from Zaria Education
Zone verified through administration of checklist to the schools heads and completed during field
observation. A satellite image of the study area was obtained using Google pro to derive the maps
through digitizing process. Finally, a geospatial database was created with the spatial and attribute
data encoded; and analysis carried out using ILWIS 3.3 software. The result of the analysis showed a
clustered distribution of schools in Zaria and Sabon-Gari parts of the study area, while it was
dispersed in Soba Local Lovernment Area. The database also provides the users with a working
environment for data management. It was recommended that more schools, classes, facilities and
staff should be provided by government in the deficit areas.

Keywords: Geospatial database; GIS; Secondary Schools; Zaria Education Zone.

1. INTRODUCTION The  National Policy on
Education in  Nigeria s Education (2004) posits that the
managed by the three tiers of success of education to be achieved
governments (the Local, the State and by all groups (boys and girls) is hinged
the Federal). The Federal Ministry of on proper planning, efficient
Education takes responsibility for the administration, adequate planning and
policy formation and implementation at effective location/siting (Kamla, 2009).
regional and national levels while state Within this context, the framework of
and local governments look after the action adopted at the World Education
local level. The education system is Forum in Dakar in 2000 to the goal of
divided into Kindergerten or Nursery, EFA was reaffirmed by Nigeria (Mark
Primary Education, Secondary and Varghese, 2011).
Education and Tertiary Education with Ogunsaju (1980) and Asiabaka
hierarchy of systems in operations (2008) reported that the quality of
(Kayode, 2006). A lot of effort has education that students receive bears
been made to measure universal direct relevance to the availability or
education in Nigeria, one of them lack of physical facilities and overall
being 4-3-3-6 system, but it was atmosphere in which learning takes
reported that the realization of place. These facilities play a pivotal
Education For All (EFA) will remain a role in the actualization of educational
dream as long as there is imbalance in goals and objectives by satisfying the
the distribution of educational facilities physical and material needs of
(Kayode, 2006). teaching and learning educational

facilities, which were referred to by
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Adepoju and Fabiyi (2000), and
Amnesty International (2012) as the
basic  structures necessary for
learning. The facilities include school
buildings, furniture, laboratories,
instructional materials, computer
facilities, libraries, sport facilities, etc.

Thompson and Hardin (2000)
posited that the quality of planning and
decision making process are strongly
influenced by the data availability and
data completeness and can be
influenced by Geographic Information
System (GIS). Watanbe (1992) and
John (1996) reported that effective use
of GIS by educators and planners to
establish the location coordinates and
distribution pattern of schools with
details characteristics of students’
enrolment, class sizes, school
accessibility and transportation
networks that convert and integrate
school data into digital for further
analysis is highly needed. GIS can be
used in school mapping. The most
important goal of school mapping is to
identify the location and accessibility of
the school facility as well as the
pattern of schools over space (John,
1999). GIS as a technique has a
number of possibilities to improve
education at micro planning
(DeGrauwe, Anfield, Tamiro and
Parolin, 2002).

Students’ enrolments into
primary, secondary and tertiary
institutions in Zaria have increased
exponentially overtime. So also the
demand for physical structures like
classrooms, laboratories, field plots
and administrative buildings that put
pressure on school resources as well
as the space needed for buildings.
While the need for space in schools
increases, the population increase in
urban Zaria has stretched the sanity of
locations and physical planning of
schools. Commercial buildings have
distorted the beauty of educational
institutions, made their visibility
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obscured and complicated location of
facilities. The challenges of physical
planning are also compounded by the
inability of the Kaduna State Ministry of
Education to provide the public with
the exact spatial extent of her
Secondary Schools and the database
for the physical facilities. More so,
there are no GIS facilities in these
schools that would provide the spatial
location and the physical database for
planning (Abdulkarim, 2004 and 2006).
In addition, the available record with
the Education Zone is analogue with
no provision for modernizing it. This
study seeks to create a geospatial
database for secondary school
facilities in Zaria Education Zone with
a view to providing necessary
information for effective planning and
management.
1.1 The Study Area

The study area is Zaria
Education Zone. It is one of the many
Education Zones in Kaduna State
others include: Giwa Education Zone,
Anchau Education Zone, Rigachikun
Sabon Tasha Education Zone,
Kafanchan Education and others. It is
situated between latitude 11°15" -
11°3'N and longitude 7°3'E - 7°45°E. It
extends from Zaria Local Government
Area (LGA) to parts of Soba, Sabon
Gari and Kudan LGAs. It is bounded to
the northwest by Giwa LGA and
Katsina State, Igabi LGA to the
southwest, Kauru LGA to the south,
Kubau LGA to the southeast and lkara
and Makarfi LGAs to the northeast as
shown in Figure 1. The study area falls
within the Tropical Continental Climate
region with pronounced dry and rainy
season. It is characterized by hazy to
dusty conditions and low
temperatures, as low as 10°C at night
during dry season. In the afternoons,
up to 42°C temperature is sometimes
recorded. The rainy season lasts from
May to September/October with long-
term annual rainfall of 1035 mm in
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about 90 days (Abaje, Ishaya and
Abashiya, 2016).

The vegetation of the study
area falls within the guinea savanna
zone which is characterized by
grassland with scattered trees and
woody shrubs vegetation. There are
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cotton and baobabs, shrubs and a
number of grasses. However, increase
in human population with its resultant
demands for housing and fuelwood
have great impact on the natural
vegetation  thereby reducing it
drastically (Lawal, 2008).
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Fig. 3.1: Kaduna State Showing the Study Area.

Figure 1: Kaduna State Showing the Study Area

2. MATERIALS AND METHODS
2.1 Types and Sources of Data

The list of schools was sourced
from Zaria Education Zone and a
checklist was prepared by the
researchers. Field survey was carried
out to obtain information on location of
schools using Handheld Global
Positioning System (GPS)-Garmin
75S receiver, and data on number of
classrooms, number of teachers,
minimum  distance to schools,
maximum distance to schools, and
facilities in schools were verified with
the checklist. The checklist provided a
platform for comparison with the lists
of facilities of Secondary Schools
obtained from Zaria Education Zone.
Besides, interview was conducted with
stakeholders in the area.
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2.2 GIS Processing and Database
Creation

This  involves  digitizination
process. In digitizing the domain
classes, the Google satellite image of
the area was used to map the
features. The coordinates of the image
were acquired, and then the image
was georeferenced using Minna Zone
32 before digitizing exercise started by
creating the segments, the polygons,
the lines and the points. A layout was
then created to merge the polygons,
the lines and the points in ILWIS 3.3.
On-screen digitizing was carried out to
collect all relevant vector based data.
In addition, kennel density estimation
method was used in ArcGIS10.1
software to analyze the spatial
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distribution of schools in the area. In
creating the geodatabase, attribute
tables were created using Microsoft

Excel and data on number of
classrooms, number of teachers,
minimum distance to schools,

maximum distance to schools, facilities
in schools were entered into the tables
and then imported into GIS
environment to create a geospatial
database of the schools.

3. RESULTS AND DISCUSSION

On year of establishment, 11
schools were established in 1990, 9
schools were established in 2004, 2
schools were established in 1989, 4
schools were established in 1981 and
the oldest school established in the
Education Zone was Alhuda Huda
College, established in 1910 as
presented on Table 1. The full
meanings of the acronyms in Table 1
are presented in Appendices 1 and 2.

Tables 1, 2 and Figures 2, 3
represent the summary of the data
collected from the schools. The
geographic coordinates showing the
exact location for all the schools is
presented in Table 2. This can help
supervisors  and inspectors  of
education during supervision of
schools. The spatial distribution of
schools was found to be clustered in
Zaria and Sabon Gari Local
Government  Areas (LGAs) but
dispersed in Soba LGA as shown in
Figures 2 and 3. Figure 2 shows that
concentration of schools in the
northwestern part of the area and
dispersal in the northeastern part of
the area. It is observed from Figure 3
that in some areas, about 4 to 5
schools are found in an area of 2 km?,
which can be described as highly
clustered. In some areas, 3 to 4
schools are found, which is considered
as clustered; where 2 to 3 schools are
present in an area of about 2 km?, it is
regarded as being dispersed; and
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where 1 to 2 schools are found, it is
highly dispersed. This is what was
obtainable in Zaria and Sabon-Gari
LGAs where schools where public
secondary schools were found to be
clustered and sometimes even share
fences or buildings.

Schools like Alhuda Huda
College, GGSS Chindit, GSS
Magaijiya, etc were divided into Senior
and Junior with different heads and
staff despite being at the same place.
This and other reasons like population
of the places brought more Secondary
Schools to the neighborhood and
increase their concentration.

Findings revealed that the
schools were overcrowded in Zaria
and Sabon-Gari LGAs as shown in
Table 1, where more than 80% of the
schools had over 100 students per
class against the standard of 40
students per class (UNESCO, 2000).
The number of students per class in
Soba LGA is not as crowded as in
Zaria and Sabon Gari LGAs partly
because Soba LGA is semi urban
area. Only four schools; Barewa
College, Alhuda Huda College,
Government Girls Secondary School,
Kongo (WTC) and Government
Commercial College had computer
laboratory as shown on Table 1. Nine
schools had library, all poorly
equipped. Similarly, 12 schools had
laboratory in Biology, Chemistry,
Physics and Geography, most poorly
equipped except in Barewa College.
Thanks to the intervention of her
powerful old boys association. In the
case of sports, all schools except
SIASS had football fields and some
like Alhuda Huda, Barewa College,
Government Commercial College, and
GSS Chindit had multiple sports fields.
This is required for achievement of
effective extra curricula activities.

Barewa College had the highest
number of classes (37) and GSS
Aminu had the highest number of
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students (1660). Sheikh Ibrahim Arab
Special Secondary School (SIASS)
had the highest number of staff (84).
About staff qualifications, 14 teachers
had Masters Degree; 2 each from GSS
Kofan Kibo, GGSS Pada, GSS Chindit,
SIASS and GGSS Dogon Bauchi. In
all, 401 teachers had Bachelor’s
Degrees; and most of the schools
were accessible by car, tricycle,
motorcycle, bicycle and/or foot as
shown in Table 1 with only two schools
GJSS MANGI and GJSS Matari having

fair in the analysis (the created
database for the schools).
4. CONCLUSION AND
RECOMMENDATIONS

The distribution of schools in
Zaria Education Zone was found to be
uneven and inadequate in some areas
where in many schools, more than 100
students are overcrowded to receive
instructions in a class. This is not
conducive for effective learning and
against the standard of 40 students

per class as stipulated by UNESCO
(2000). It was also found that the
schools are highly clustered in some
areas with some areas grossly
underserved with very few schools.
So, government should build more
schools and or/more classes to
decongest the existing ones. In
addition, facilities such as laboratories
and libraries with standard equipments
should be added where they are
available but inadequate and provided
where they are unavailable. More staff
are needed to keep pace with ever
increasing students in Zaria Education
Zone. Some schools like Government
Secondary School Bogari had only
four teaching staff and other schools
that have good number of staff lack
adequate teachers in some basic
subjects as found from the interview
conducted. Zaria Education Zone
should upload the database on its
website to make it available to the
public so that they can have access
and easily decide for their wards.

Table 1: Database Created for Zaria Education Zone Public Secondary Schools

SCHID NST CL LB SL GL YRES SF NC NS MA

AM S 3 NO NO NO YES 1990 YES 12 1660 0
MC S 17 NO NO NO YES 1990 YES 9 556 0
DNY 11 NO NO NO YES 2004 YES 9 345 0
LKR 13 NO NO NO NO 2004 YES 9 349 0
KG 68 NO  YES YES NO 1979  YES 30 375 0
KR 3 NO NO NO YES 2007 YES 15 198 0
KKIB 53 NO  YES YES NO 1972 YES 15 1552 2
MG S 26 NO NO NO YES 1990 YES 9 233 0
PS 28 NO NO NO YES 1990 YES 9 256 2
YAK 13 NO NO NO YES 2003 YES 9 221 0
BAREW 85 YES YES YES NO 1921  YES 37 849 1
GSTSS 15 NO  YES YES NO 1982 YES 12 401 0
DB S 45 NO  YES YES NO 1982 YES 18 1313 0
KIKY 30 NO NO NO YES 1989 YES 24 576 0
CHS 8 NO  YES VYES NO 1989 YES 19 1225 2
KGU 8 NO NO NO NO 2004 YES 10 1112 0
ALHU S 43 YES YES YES NO 1910  YES 18 1110 0
ALHU J 40 NO  YES YES NO 1910  YES 18 1225 0
SIASSS 84 NO  YES YES NO 1993 NO 19 1559 2

35

DE

HN

NC

10

10

2

8

21

15

5

12

10

23

17

15

OTH

38

OOUOUOATNMUOUOUOMUOMUTOUOUOMUT0OU0OU0O00O00O000U0O0OO0O >



Savanna volume 23, Number 1, June, 2016

TJK 46 NO NO NO YES 1990 YES 18 1203 0
CHS 29 NO NO YES NO 1981  YES 19 1314 0
DAK 29 NO NO NO YES 1990 YES 9 1110 0
WTC 80 YES YES YES NO 1981  YES 32 1223 0
MAT 6 NO NO NO NO 2004 YES 0 257 0
R/D 27 NO NO NO NO 2004 YES 9 602 0
K 28 NO NO NO NO 1990 YES 9 557 0
CKJ 24 NO NO NO NO 1999 YES 9 750 0
AB 4 NO NO NO NO 2004 YES 0 220 0
GYA 23 NO NO NO NO 2004 YES 9 615 0
BOG 14 NO NO NO YES 1999 YES 0 360 0
MG S 20 NO NO NO YES 1990 YES 9 666 0
MG J 26 NO NO NO NO 1990 YES 0 698 1
K/DK 40 NO NO NO NO 2004 YES 9 733 1
GMB 5 NO NO NO NO 2004 YES 0 330 0
MCJ 27 NO NO NO NO 1990 YES 9 905 0
AW 10 NO NO NO NO 2004 YES 0 268 0
CHJ 37 NO NO NO NO 1990 YES 19 870 0
GGSPJ 34 NO NO NO NO 1990 YES 9 556 0
GSSTSJ 10 NO YES NO NO 1982  YES 0 780 1
GGCHJ 28 NO NO NO NO 1981 YES 19 603 0
GJRCH 4 NO NO NO NO 2004 YES 0 333 0
GJSMG 5 NO NO NO NO 2004 YES 0 257 0
GJ K/IKB 5 NO NO NO NO 2004 YES 9 660 0
GG DB J 36 NO YES NO NO 1982 YES 0 790 2
AM J 30 NO NO NO NO 1990 YES 9 576 0
GSS KKK 45 NO YES YES NO 1972 YES 15 1301 0
GJSSTW NO NO NO 2005 YES 12 1200 0

SOURCE: Zaria Education Zone, Ministry of Education Kaduna State and Field Survey, 2014.
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Table 2. Geographic Coordinates of Schools

SHAPE  EASTHINGS NORTHINGS SCH_ NAME
POINT 380469 1215924 GJSS MATARI

POINT 357166 1229284 GJSS R/DOKO

POINT 355582 1222738 GJSS K/JATAU

POINT 359686 1228336 GJSS CHIKAJI

POINT 361796 1211146 GJSS ABA

POINT 360275 1224534 GJSS GYALLESU
POINT 367039 1236573 GSS LIKORO

POINT 390492 1230054 GSS DINYA

POINT 365090 1211833 GJSS BOGARI

POINT 358405 1220763 GJSS MAGAJIYA (UNR)
POINT 357908 1222832 GJSS K/DOKA

POINT 384414 122651 GJSS GIMBA

POINT 362229 1230579 GJSS MUCHIA (JNR)
POINT 356741 1224163 BAREWA COLLEGE
POINT 378892 1222404 GJSS AWAI

POINT 360731 1225953 GSS CHINDIT (JNR)
POINT 358758 1222063 GGSS PADA (JNR)
POINT 381100 1218535 GSS T/SAIBU

POINT 352114 1220681 GSS KUGU

POINT 357662 1223074 ALHUDA HUDA COL
POINT 356808 1224351 SIASSS K/IKARAU
POINT 358131 1224886 GSS T/JUKUN

POINT 385165 1232577 GJSS RICHIFA
POINT 384453 122594 GJSS KINKIBA
POINT 356874 1219020 GGSS K/GAYAN
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POINT 362829 1227394 GSS DAKACE

POINT 360391 1227394 GSS AMINU S (SNR)
POINT 361076 1229145 GSS MUCHIA (SNR)
POINT 357148 1220250 GSSS KAURA

POINT 357406 1224297 GSS K/KIBO (SNR)
POINT 350839 1223326 GGSS PADA (SNR)
POINT 372624 1220791 GSS YAKASAI

POINT 360104 1226214 GSS D /BAUCHI (SNR)
POINT 360123 1226000 GSS D /BAUCHI (JNR)
POINT 355081 1220660 GGSS K/KUYAMBANA
POINT 360731 1225953 GSS CHINDIT (SNR)
POINT 362829 1223563 GSS DAKACE

POINT 360477 1222343 GJSS MAGAJIYA(SNR)
POINT 385165 1232577 GJSS RICHIFA

POINT 357906 1208688 GJSS MANGI

POINT 356180 12222865 GSS K/ KIBO (JNR)
POINT 362004 1229111 GSS AMINU (JNR)
POINT 357406 1224297 GSS K/KIBO (SNR)
POINT 360553 1223269 GGSS KONGO (WTC)
POINT 362229 1230579 GSS MUCHIA (SNR)
POINT 361070 1229240 COMMERCIAL COL
POINT 355582 1222738 GSS K/JATAU

POINT 360339 1225002 GSS T/WADA

POINT 353155 1223161 __SCI SEC SCH KUFENA

Source: Field Survey, 2014
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Figure 2: The Spatial Distribution of Secondary Schools in Zaria Education
Zone
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APPENDIX 1

MAT = GJSS MATARI
R/D = GJSS RIMIN DOKO

K/J = GJSS KOFAR JATAU

CKJ = GJSS CHIKAJI

AB = GJSS ABA

GYA = GJSS GYALLESU

LKR = GSS LIKORO

DNY = GSS DINYA

BOG = GJSS BOGARI

MG S & J = GSS MAGAJIYA (SENIOR) &
(JUNIOR)

K/DK = GJSS KOFAR DOKA

GMB = GJSS GIMBA

MC S & J = GSS MUCHIA (SENIOR) &
(JUNIOR)

BAREWA = BAREWA COLLEGE

AW = GJSS AWAI

GSS CHINDIT (SENIOR) & (JUNIOR)

P S = GGSS PADA (SENIOR) & (JUNIOR)
GS TS S = GSS TUDUN SAIBU

KG = GSS KUGU

ALHU S & J = ALHUDA HUDA COLLEGE
(SENIOR) AND (JUNIOR)

SIASSS = SHEIK IBRAHIM ARAB SPECIAL
SECONDARY SCHOOL KARAU-KARAU
TJK= GSS TUDUN JUKUN

GJRCH = GJSS RICHIFA

KKIB = GJSS KINKIBA

K/KY = GGSS KOFAN GAYAN

DAK = GSS DAKACE

AM S & J = GSS AMINU (SENIOR) &
(JUNIOR)
MC S & J = GSS MUCHIA (SENIOR) &
(JUNIOR)

KR = GSSS KAURA
KKIB = GSS KOFAR KIBO (SENIOR) &
(JUNIOR)

DB S & J = GSS DOGON BAUCHI (SENIOR)
& (JUNIOR)

GSS K/K= GGSS KOFAR KUYAMBANA

GG CH J CH S = GOVT GIRLS SEC SCH
CHINDIT (SENIOR) & (JUNIOR)

GJSMG = GJSS MANGI

GJRCH = GJSS RICHIFA

G K/IKB = GSS KOFAR KIBO (SENIOR) &
(JUNIOR)

AM S & J =
(JUNIOR)
WTC = GGSS KONGO (WTC)
GJSSTW = GSS TUDUN WADA
YAK = GSS YAKASAI

GSS AMINU (SENIOR) &

APPENDIX 2

SCH_ID = School Identification
N_ST = Number of Staff

C_L = Computer Laboratory
LIB = Library

40

S L = Science Laboratories
Chemistry and Physics)

G_L = Geography Laboratory

YR _ES = Year of School Establishment

S _F = Sports Facilities

N_C = Number of Classes

N_S = Number of Staff

M_A = Number of Masters Holders and
Above

DE = Number of Degree Holders

HD = Number of HND Holders

NC = Number of NCE Holders

OTH = Other Certificates Holders

AC = Accessibility to Schools

(Biology,
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ABSTRACT

The Zaria urban area in Kaduna State has been a centre for several socioeconomic activities. This
has therefore attracted population from far and near. Consequently, the area has witnessed increased
demand for land for housing and other purposes, thus, leading to a continuous rise in land value —
both over space and time. Using questionnaire administered on estate dealers/agents, this study tried
to analyse the spatio-temporal pattern of vacant land value in the area. Findings revealed that lands
around areas occupied by the elites, notably the Government Reserve Area (GRA) had higher values
than the others, while over time the values have been continuously on the rise, until the period after
2012, when the values went down by an average of -20%, due to the security challenges that
bedeviled the area and indeed the country as a whole. It was suggested that the Kaduna State
government should start the idea of land banking that would take care of all class or category of
people at reasonable rates, so that the housing shortage being withessed can be ameliorated.

Keywords: Vacant land; Value; Variation; Estate agents; Zaria urban area.

1. INTRODUCTION

The influx of people into urban
areas of developing countries is
continuously on the rise. Current
trends in world urbanisation indicate a
growth of about 50 million urbanites
each year, roughly a million a week
(Rodrigue, Comtois and Slack, 2006).
It was reported that more than 90% of
that growth occurs in developing
countries, and Nigeria being the most
populous nation in Africa, would
contribute a significant proportion of
this. The urban population growth in
Africa is mainly determined by two
major factors: the migration of mostly
young people from rural to urban
areas, and a high natural rate of
population growth due to high fertility
and low mortality rates as well as low
median ages. This therefore, affects
the need for land for the provision of
housing and other services (Ai, 2005).
Little wonder that the European
Reintegration Support Organisation
(2008) has estimated that residential
home ownership in Nigeria is less than
25%, compared with the international

41

benchmarks of 75%. It therefore
concluded that housing issues would
remain one of the primary social
focuses in the country for next 20
years or more.

For quite a long time, urban
Zaria has been known to pull a large
number of people, from far near, as a
result of the location of so many
activity centres, notably institutions of
higher learning. Because of these, it is
to be expected that the demand for
land would be on the rise.
Consequently, there appears to be a
significant increase in land value over
time as well as a variation in the
pattern over space, with some areas
exhibiting very high land value while
others are not so high. According to
Adams (1994), price for land or
property is either the amount sought
(asking price) or the sum received
(price paid); while the value of land or
property are price estimates that
reflect subjective expectations and
perception of worth.

Several studies have attempted
to determine the spatial pattern and
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factors influencing either residential or
commercial land value in various cities
in Nigeria, to the neglect of vacant land
values. The work by Adebayo (2006) is
one of them, essentially on the effect
of urban infrastructure on property
values in Lagos. Also Bello and Ajayi
(2010) worked on the effect of waste
dumpsites on land value in parts of
Lagos metropolis. Oni (2009) studied
the effect of arterial roads on
commercial property values in lkeja,
Lagos. Unlike what was done by most
of the previous studies on the pattern
or factors affecting residential land
value, this paper tries to analyse the
spatio-temporal pattern of vacant land
values in the Zaria urban area, Nigeria.

1.1 The Study Area

Zaria is located in the central
plain of northern Nigeria, about 950km
from the sea, approximately between
latitudes 11° 00’ - 11°10" North of the
equator and longitudes 7° 36' -
7°45'East of the Greenwich Meridian,
as shown in Figure 1. It is the second
largest town in Kaduna State, after
Kaduna town which is the state capital.
Zaria and Sabon Gari are the two local
government areas (LGAs) that form
the study area, with the Kubanni River
as the boundary that separates the two
areas. The headquarters of Zaria LGA
is located in Zaria city, near the Emir’'s
palace, while that of Sabon Gari is
located at Dogarawa.

Zaria, being in the heart of the
Hausa land is predominantly occupied
by the Hausa speaking people,
traditionally known as Zage-zagi or
Zazzagawa, who largely occupy the
old walled city. Outside it however,
there are other Hausas, who originally
migrated into Zaria from the northern
states. These are especially found in
Tudun Wada. The non-Hausa in-
migrants to the area are predominantly
found in areas like Sabon Gari,
Palladan and Samaru. According to
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the 2006 population census, the two
LGAs that make up the Zaria urban
area have a combined population of
698,348 (with S/Gari having 291,358
and Zaria 406,990). According to
Buttler (2015), Zaria is among the top
ten most populous urban areas in
Nigeria. Indeed it has been ranked 8™,
and is the only non-state -capital
amongst the top ten.

The growth of urban Zaria,
though influenced by historic
circumstance and political authority it
wielded prior to the 19" century, is
also the result of deliberate
establishment of educational
institutions (Bello, 2000). Hence, it has
been noted that twelve out of the
seventeen tertiary institutions in
Kaduna state are located in Zaria,
while there are about fourteen
manufacturing industries and major
commercial establishments. As a
result of this and many other
developments in the area, Bello (ibid)
has found that between 1962 and
1992, Zaria as an urban centre has
been transformed from an educational
centre to a rapidly growing
manufacturing industrial city sprawling
for more than 25km stretch along
Kaduna-Sokoto motor road.

2. MATERIALS AND METHODS

Data for the study was obtained
through the administration of
questionnaire on estate
dealers/agents. To select the estate
dealers/agents, snowball sampling
technique was adopted. It involved
contacting a well-known estate agent
and interviewing him/her after which
he/she was asked to introduce the
researcher to an equally well-
established person in the same
business. The method is often used to
obtain a sample when there is no
adequate list which could be used as a
sampling frame (Osuala, 2005). The
method was adopted because of the
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Figure. 1: The Study Area — Urban Zaria
Source: Adapted and Modified From Topographic Map of Zaria Sheet 102 S.W
3. RESULTS AND DISCUSSION area, with a serene environment, high
The responses of land dealers, quality buildings, large sized plots, well
vendors or agents were utilised to planned and had the initial advantage
obtain the mean vacant land values in of being occupied by the colonial
the study area. Table 1shows average masters. Therefore, the area is for the
land value by areas, for the period rich and powerful in the society,
under study. The GRA had the highest likewise Hanwa. This is consistent with
mean value of N8,877/m2, while Zabi the findings of Rikko and Dung-Gwom
had the least value of N267/m2.The (2006) who noted that Rayfeild in the
high values around the GRA could be city of Jos, Nigeria has high land value

due to a number of reasons. First, the due to the elite status of the area.
area is purely a high class residential
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Vacant or undeveloped lands in
urban Zaria are largely found in the
peripheral areas, as shown in Figure 1.
For this reason, the activities of land
dealers and agents is more around

such sections of the city, where
farmlands are easily acquired,
subdivided and converted to

commercial and residential landuses.
Next is the temporal pattern of
vacant land value. Table 1 shows that
the year 2012 recorded the highest
mean value of N22,222/m?2, while the
least NO.6/m? was obtained in
1982.Then Figure 2 reveals that the
trend for vacant land value was very
gentle from 1982 to 1992, with the line
graph almost parallel with the
horizontal x-axis, especially the

minimum value. The steepest trend
line was recorded from 2002 till the
year 2012. However, for the first time,
the value of land nose-dived between
2012 and 2014; that is, it went down
by about -20% (see Figures 2 and 3).
This was due to the high level of
insecurity, as demand for vacant land
dropped significantly, largely due to
the threat of Boko Haram insurgency
as well as the apprehension that
preceded the outcomes of the 2015
General elections. Many non-indigent
members of the population were
leaving the area, selling off some of
their landed properties in the process.
This, therefore, significantly affected
property values.

Table 1: Mean Vacant Land Value and its Rate of Change in Urban Zaria (1982-

2014)
] Average price of a plot (50m x 15m) Yo Change between
N in Nairw/m’

1982 1992 2002 2012 2004 (A)  (B) (C) (48]

[Location (A) (B) (') (D) (E) Mean & & & &
(By (C)y (Dy (E)
GRARZ 55 333 4000 22222 J77 0 BRTT S05 1101 55 =20
2 lNwada/Gyales 18 44 66T 11,111 8889 4146 173 1415 15365 -19
3 Graskiya 15 33 267 6667 4444 2285 120 709 2397 -33
| (New L.o) 778 11.11 8.889 5195 - 1328 19
3 Gonar Ganye 2.88Y 2.667 277X b
(3] ‘ng. Kava 222 4,444 3,333 2666 - 190l -25
7 Fidallawa 222 4.444 1.556 2741 - 190] -19
) \\|‘!_1n}- - - 1.556 1.333 1445 - - - -14
& Ban Zazzau - - 133 2.667 2,222 1674 - 1905 -16

10 Kwangila 6 444 4,444 4.444 2335 6526 Q00 0
[T Hanwa-Y/coro 2.2 5.6 333 17.777 15355 6735 154 5846 5238 13
12 Kabama - - 4,559 3,333 4111 - . - -31
I3 Dogarawa 4.4 5.0 222 1,333 2.067 | 246 27 igknd 1401 -19
14 Havin Ojo 1.6 2.2 111 2.667 2,222 1001 37 06837 2302 -16
5 Fabi 0.6 01 i3 556 444 267 - S400 0 729 -20
l6 N, Mopol Bar. IR EES 611 - 42
[7  Z/Shanu PR 1,889 3778 3037 100 22
I§  Havin Mal 222 4,444 3,333 2a66 B 1on1  -25
[9  Palladan - - 222 1,333 2,222 1926 - - [401  -33
Mean 14 54 555 6.012 4.819 1192 286 918 983 -0
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Source: Adapted and Modified From Topographic Map of Zaria Sheet 102 S.W
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4. CONCLUSION

It is evident from the study that
the pattern of vacant land value varies
both over space and time. The values
over space were higher around high-
class residential areas that have low
density, such as the GRA and Hanwa
New extension areas; while the low-
class and high density residential
areas, such as around the old city and
Zabi had lower vacant land values.
However, over time, vacant land
values have been continuously on the
increase from 1982 wup till 2012.
Thereafter, the values went down due
to security challenges that bedeviled
the area and indeed the nation as a
whole.

Based on the foregoing, it is
pertinent to suggest that there is the
need for a long range housing
development plan for Zaria, due to
high demand e.g. by developing land

banks with well-articulated
development schemes; such that
would take care of  various

classes/categories of the society (low,
medium and high density areas) at
reasonably affordable rates. This
would help to allow the citizenry to
have unfettered access to this all
important requirement of life. And in
this way, the huge gap of housing
supply, as earlier noted, can be
drastically reduced.
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ABSTRACT

This study examined the effects of coal mining on landuse/landcover in Maiganga, Akko Local
Government Area of Gombe State. Landuse/landcover status of the study area in 2007, 2011 and
2016 was acquired using Landsat Enhanced Thematic Mapper Plus (ETM+) of 2007 with a 30 meter
spatial resolution; Landsat ETM+ of 2011 with a 30 meter spatial resolution; Landsat 8 image of 2016
with spatial resolution of 28 meters which were obtained from the United States Geological Survey
website (February-September, 2016). The datasets were geo-referenced to geographic coordinates.
The images were imported into Erdas Imagine 9.2 environment where they were rectified to a
common projection (Universal Traverse Mercator). The mining site was subset from each of the larger
scenes in Erdas Imagine 9.2 software since the satellite images come in bands and cover large areas.
Supervised classification technique was performed using maximum likelihood classification (MLC)
algorithm. This technique enabled generation of training classes based on the actual
landuse/landcover themes present within the study area and helped in curtailing ambiguity associated
with the unsupervised technique of image classification. The result revealed that the dominant
landuse type for the period under review (2007-2016) is agricultural (64.65%). Though there is a
steady but gradual decrease in percentage - 62.59% in 2011 and 60.52% in 2016. The study
concluded that the gradual decrease in percentage is due to the conversion of hitherto agricultural
land to mining land and the expansion of settlements. It was recommended that the mining activities
should curtail the incidences of coal mine fires which pumps tons of smoke and other pollutants into
the atmosphere by providing firefighting equipment and personnel for prompt intervention.

Keywords: Coal mining; landuse/landcover; Remote Sensing; GIS.

1. INTRODUCTION copper, silver, iron ore, gold, uranium
Mining is a generic term used and diamond, among others
when resources ranging from biotic (Priyadarshi, 2012; Arango, 2012).
and non-biotic are being obtained from Mining impacts notable changes
the Earth (Abdulkarim, 2013). Mineral on the environment with varying
excavation is a special mining of severity depending on the methods of
resources from rock veins, seams or operations, and geological conditions
sub-surfaces. It is carried out in of the mining sites (Mondal,
different locations, from the tropics to Bandayopadhyay and Chakravatry,
the polar areas and at different earth 2014). Reduction of forest and
substrata. Common among minerals biodiversity, gullying, landslide and
being mined are petroleum, coal, pollution are among the surface

47


mailto:yabqutt@yahoo.com

Savanna volume 23, Number 1, June, 2016

disturbances triggered by open-cast
mining (Globalmethane, 2014). Coal is
mined through surface (open-cast) and
subsurface (underground) techniques.
Techniques of surface mining include:
open pit mining which consists of
recovery of materials from an open pit
in the ground; strip mining which
consist of stripping surface layers off
to reveal coal seams underneath, and
mountain top removal commonly
associated with coal mining, which
involves taking the top of a mountain
off to reach coal deposits at depth.
Standard practices of open cast mining
involve separate removal, handling
and storage of top-soil and sub-soils
so that these can be re-laid during
reclamation (Arango, 2012).

Mining coal globally has
resulted to land degradation and loss
of bio-diversity. Common among them
are loss of vegetation cover and
species migration, accelerated siltation
of low lying land areas of the mining
complexes, landslides in hilly terrains
and exposure of fertile agricultural
surfaces. In addition to degradation of
land on which the dumps are made,
they also degrade the surrounding
land due to leachate (Abdulkarim,
Oladipo and Balarabe, 2015; Prakash
and Gupta, 1998).

Mining activities in
dependent communities exert
considerable impact on the
environment, as well as on the lives of
the people living within the vicinity.
This impact may be positive as well as
negative. For instance, mining
companies provide employment for
indigenous people; build infrastructure
such as roads, clinics and schools;
and, provide water and electricity when
they move to the local communities
(Osei, 2012).

Amos (2010) studied the effects
of limestone mining on
landuse/landcover changes in Ashaka
and identified the  types  of

resource-
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environmental damage relating to
mining as including air, land and water
pollution, damage to vegetation,
ecological disturbance, degradation of
natural landscape and geological
hazard problems. Musa and Jiya
(2011) in their assessment of the
impact of mining activites on
vegetation in Bukuru concluded that
further decrease in vegetation in the
area is due to intensive mining as well
as extensive cultivation which exposes
the soil to adverse erosion and
subsequent environmental
degradation.

Large scale mining activities
and livelihood was studied by
Maliganya, Simon and Paul (2013) in
Tanzania to the extent that most of the
respondents in all surveyed villages
reported minimal direct and indirect
socio-economic accrued benefits to
their livelihood. A study by Yaro (2010)
also dealt with the impact of mining on
livelihood of locals and concluded that
at the local level, communities are
saddled with adverse social and
environmental problems which have
deprived them of their main source of
livelihood in Ghana. Yaro’s study was
focused on gold and included artisanal
mining. Mapping the livelihoods of
mining induced communities was done
by Mishra and Reddy (2011) in India,
noting that mining has a negative
impact on wildlife, river systems, tribal
livelihoods, tourism and climate.

Although literature abounds on
the application of Remote Sensing and
Geographic Information System (GIS)
tools in assessing the effect of mining
activities on landuse/landcover in
different parts of the world, limited
studies exist on the impact of coal
mining on landuse/landcover in the
study area. The researcher therefore
used remote sensing to map landcover
and landuse changes within and
around the Maiganga coal mining
concession. This study examines the



Savanna volume 23, Number 1, June, 2016

impact of coal mining on the physical
landscape  (landuse/landcover) in
Maiganga from the commencement of
coal mining in 2007 to 2016.

1.1 Study Area

The study area is located within
longitudes 11°13'E to 11°21'E and
latitudes 10°03'N to 10°05'N, some 80
km south of Gombe state in Nigeria as
shown in Figures 1 and 2. It has an
area of 2,627km?. The climate is
generally warm with the hottest
months exceeding 30°C (March — May)
which drops to about 25°C during
harmattan and the wet season. The
climate is seasonally wet and dry
largely due to the influence of the
south west trade winds and the north
east trade winds respectively. Rainfall
averages 850mm annually; it
commences in May and lasts till late
September.

The study area is part of the

cretaceous sedimentary formation.
The depression made possible series
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of marine transgressions and
regression which led to the
development of cretaceous

sedimentary rocks in the area (Ashaka
Geological Survey, 1987). The plains
are gentle with pockets of hills of
sedimentary formations. Sand stone is
dominant in some places while in
others, shale occurs on higher parts
(Adefila, 2004). The dominant soil type
of the study area is grey mottled, sand
and loams with some grey clay.
Hydromorphic soil of riverine and
lacustrine type is found along the flood
plain of rivers. The vegetation of the
area is predominantly  wooded
scrubland. The grasses are short and
overgrazed. Some of the tree species
are (Andonsonia digitat, Amongeisus
leiocarpus, sclerocaraya spp.
Tamarindus indica and balaniate
eygptian) which grow to a height of 7
to 20m; while some pothers
(combretuin glutuism, Acacia seyal
and other thorny shrubs) are a meager
2to6 m.
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Source: Adapted from Google Earth, 2016
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Figure 2: Location of the Study Area

Source: Adapted from Google Earth, 2016

2. MATERIALS AND METHODS

2.1 Reconnaissance Survey

A reconnaissance survey was
carried out to acquaint the researcher
with the study area. During the
exercise, observations guided by a
checklist revealed that the land is
being extensively degraded as
vegetation is being cleared. Also, the
hilly terrain is undergoing excavation to
the extent of being flattened, resulting
in heaps of wastes/overburden dumps
and creating bare surfaces and open
pits. This has been going on since the
commencement of commercial mining
in the area in 2007.

2.2 Types and Sources of Data Used
The data used include:

1. Landsat Enhanced Thematic
Mapper Plus (ETM+) of 2007
with  a 30 meter spatial
resolution.

ii. Landsat ETM+ of 2011 with a
30 meter spatial resolution.
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iii. Landsat 8 image of 2016 with
spatial resolution of 28 meters.
The Satellite imageries were

obtained from the United
States  Geological  Survey
website (February-September,
2016)

2.3 Methods of Data Analysis

2.3.1 Satellite Image Processing

Landsat ETM+ imageries of
2007 and 2011, as well as Landsat (8)
imagery of 2016 were used for the
study. The mining site was subset from
each of the larger scenes using Erdas
Imagine 9.2 software since the satellite
images come in bands and cover large
area.
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Supervised classification
technique was performed using
maximum  likelihood classification
(MLC) algorithm. This technique
enabled generation of training classes
based on the actual landuse/landcover
themes present within the study area
and helped in curtailing ambiguity
associated with the unsupervised
technique of image classification
according to Liu, Skidmore and Oosten
(2002). The MLC is the most widely
and commonly used with remotely

sensed data, and is proven to yield the
best classification result (Jensen,
1996). The attribute and statistics from
the classification result were generated
and wused for post-classification
comparison between the years. Based
on the prior knowledge of the area and
reconnaissance survey carried out, a
classification scheme of Anderson,
Hardy, Roach and Witmer, (1976) was
adapted for the study and is shown in
Table 1.

Table1: Landuse classification scheme of Maiganga and environs

Code Landuse/Landcover Description
Class

1 Build-up land Landuse for settlement and building of
infrastructures such as schools, roads, etc.

2 Vegetated surface Land covered with natural vegetation such as
grasses, shrubs, grass like-plants and natural
forest.

3 Agricultural land Land used as cropland, agricultural farmland etc.

4 Water surface Rivers, streams, ponds and dams.

5 Bare Ground Land devoid of vegetation cover and exposed

soils.

Source: Adapted from Anderson et al. (1976).
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3. RESULTS AND DISCUSSION

3.1 Landuse/Landcover Change in
the Study Area

Table 2 summarizes
landuse/landcover classes in the study
area and reveals that the dominant
landuse type for the period under
review (2007-2016) is agricultural
(64.65%). Though there is a steady but
gradual decrease in percentage -
62.59% in 2011 and 60.52% in 2016.
This may not be unconnected with the
conversion of hitherto agricultural land
to mining land and the expansion of
settlements. This result contrasts with
the finding of Amos (2010) in Ashaka
that agricultural land had increased by
3.18%. Other major landuse/landcover
classes within the study area include
bare land surfaces which have
withessed some measure of increment
from 16.75% (2007) to 22.89% (2016)
as shown in Figure 3.This result is
expected as coal mining requires the
clearing of large expanse of land for
exploration, excavation, storage and
transportation of the mined coal.
Another reason for the increase in
bare surfaces may not be directly
linked to coal mining as there is a large
concentration of cattle that graze
within the vicinity of the mining
concession.

The study area is spotted with
pockets of hills/ridges of sedimentary
origin. At the commencement of
mining in 2007, the area covered by
hills was 15.59% which reduced to
15.12% in 2011 and 15.05% in 2016.
These figures reveal a gradual
decrease from 2007 to 2016. This can
be attributed to mining activities as
observed by the researcher. Some of
the hills have almost been flattened as
a result of coal excavation leaving
behind heaps of overburden waste.

Settlement is another landuse
type that shows a reduction in size
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from the initial growth in 2011 (2.59%)
to a decline (0.53%) in 2016 as shown
in Table 2. This agrees with the finding
of Nzuda (2013) which reported that
settlement has reduced by (14.36%)
due to mining in Mboya District of
Tanzania. The reasons are not
farfetched, and may include the re-

settlement of some communities
whose lands have either been
confiscated or acquired without

adequate compensation. There is also
the problem of pollution from dust and
coal mine fires that periodically affect
close communities.

The area covered by vegetation
has equally witnessed some decline
from 0.56% (2007) to 0.29% and
0.27% for 2011 and 2016 respectively
(refer to Table 2). Overgrazing, mining
activities and the continuous clearing
of land for cultivation could be
responsible for the decline in
vegetation cover over the study area.
A similar case was reported by Nzuda
(2013) in Tanzania that the rampart
and random clearing of forest areas for
mining purposes has resulted into
drastic changes and significant
reduction of vegetation cover.

Water bodies within the area
have equally reduced from 0.155% at
the commencement of mining in 2007
to 0.151% in 2016 as revealed in
Table 2. Water is being continuously
depleted for both domestic and
agricultural uses — mainly for irrigation.
The large numbers of cattle also rely
on same water sources for drinking.
Coal mining requires a lot of water
particularly for spraying on the
normally dust — laden roads and for

excavation purposes as well
Consequently, both surface and
underground water sources are
depleted around the mining
concession.
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Table 2: Landuse/ Landcover Classes

Landuse/Landcover 2007 % 2011 % 2016 %
Vegetation 0.270 0.558 0.140 0.289 0.130 0.269
Coal Mining Pit 0.122 0.252 0.167 0.345 0.257 0.530
Ridges 7550 15,596 7.320 15.121 7.290 15.059
Settlement 0.969 2.002 1.258 2598 0.257 0.530
Bare Land 8.110 16.753 9.140 18.880 11.083 22.894
Agricultural Land 31.300 64.656 30.300 62.590 29.300 60.525
Water body 0.077 0.159 0.074 0.153 0.073 0.151
Mined Coal 0.013 0.026 0.015 0.031 0.021 0.043
Total 48.41 100.0 48.41 100.0 48.41 100.0
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Figure 3: Landuse/Landcover of Maiganga and Environs in 2016

4. CONCLUSION

Analysis of landuse/landcover
classes in the study area revealed that
the dominant landuse type for the
period under review (2007-2016) is
agricultural. Though there is a steady
but gradual decrease in percentage
from 2011 to 2016. This may not be
unconnected with the conversion of
hitherto agricultural land to mining land
and the expansion of settlements.

53

There is also a gradual decrease in the
height and number of hills/ridges in the
area. The settlements within the area
have equally reduced in size from the
initial growth in 2011. There is also the
problem of pollution from dust and coal
mine fires that periodically affects
close communities. The area covered
by vegetation has equally witnessed
some decline from. Overgrazing,
mining activities and the continuous
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clearing of land for cultivation could be
responsible for the decline in
vegetation cover over the study area.
Water bodies within the area have
equally reduced.

4.1 Recommendations

- The gradual but steady decrease in
agricultural land due to the conversion
of hitherto agricultural land to mining
land could be controlled by reclaiming
already mined areas to be used for
cultivation. Bare land surfaces which
have witnessed some measure of
increment can be reduced by
embarking on re-forestation by the
mining company.

- The Coal Mine should curtail the
incidences of coal mine fires which
pumps tons of smoke and other
pollutants into the atmosphere by
providing firefighting equipment and
personal for prompt intervention.

- Range farming can be introduced to
forestall the further loss of vegetation
in the area. Also, the dusty roads
should be built with asphalt to reduce
the amount of dust released into the
atmosphere which retards vegetation
growth. Also, motorized boreholes
should be sunk in all the communities
in order to avoid a looming human
disaster from water borne diseases.
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ABSTRACT

Landuse and landcover change drives changes that limit availability of products and services for
human and livestock, and can undermine environmental health as well. This paper analyzed
landuse/landcover change (LULCC) in the southern part of Kaduna metropolis. The data used were;
Landsat (4) Thematic Mapper (TM) of 1990, Landsat (7) Enhanced Thematic Mapper Plus (ETM +) of
2001 and Landsat (8) ETM + of 2014 all with 30m spatial resolution. Erdas Imagine Software version
9.2 and ArcGIS version 10.1 were used for the analysis. Supervised classification technique with
Maximum Likelihood Algorithm was used to classify the data into landuse/lancover classes. An
overlay analysis was carried out in order to determine the changes in the landuse/landcover classes.
The results revealed an overall change in landuse/landcover status of the area. Urban landuse
witnessed an overall increase of 186.29% with an annual expansion rate of 7.76% within the study
period (1990-2014). Agricultural land which was the most dominant in 1990, decreased by 25.64% in
2014. Similarly, vegetation and bare surfaces decreased by 48.13% and 18.81% respectively within
that period. The study recommends that there should be periodic monitoring and modelling of landuse
and landcover changes in the study area for formulating effective environmental policies and
management. There is also the need to control urban development by by relevant agencies in the
area in order to avoid harphazard developments that may have negative consequences on the
environment and the people.

Keywords: Landuse/landcover; GIS; Remote Sensing; Urban development.

1. INTRODUCTION services for human, and livestock as
Human beings have been well as damage to the environment.

modifying land to obtain food, shelter Landcover according to
and other essentials of life for Campbell (1996) refers to the physical
thousands of years. Current rates, cover of the Earth including natural
extent and intensities of such vegetation, crops, artificial
modifications are far greater now than constructions that cover the land
ever in history and continue surface while landuse describes the
undocumented (Eastman 1999). use of the land by the people usually
Landuse and landcover dynamics are with emphasis on the functional role of
widespread and accelerating. It is a land on economic activities. Landuse
significant process driven by human is the actual use of the land which is
actions but also producing changes the purpose for which man exploits the
that impact humans (Agarwal et al., landcover (Omojola, 1997). Landuse
2002). These dynamics alter the change is a locally pervasive and
availability of different biophysical globally significant ecological trend.
resources including soil, vegetation, Clawson, Mari and Stewart (1965)
water, animal feed among others. noted that landuse/lancover (LULC)
Consequently, landuse/landcover change is one of the well documented
changes could lead to a decreased global changes.

availability of different products and Drescher (2000) observed that

changes in landuse can be due to
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urban expansion, loss of agricultural
land, changes in river regimes, the
effect of shifting cultivation, the spread
of erosion and desertification among
others. However, Oyedele (1977)
identified population growth and rapid
economic transformation as the
leading causes of landuse and
landcover change. According to the
United Nations World Population
Prospects (2012), the current world
population of 7.2 billion was projected
to increase to 8.1 billion by 2025 and
9.6 billion in 2050. Most of this
population growth will occur in
developing regions, whose population
is expected to increase from 5.9 billion
in 2013 to 8.2 billion in 2050 (United
Nations World Population Prospects,
2012). The same report pointed out
that more than half of global population
growth between 2013 and 2050 is

expected to occur in Africa. This
implies that most of the
landuse/landcover changes are

occurring in developing countries of
the world and Nigeria is not an
exception; this explains why southern
part of Kaduna metropolis also
experiences changes in LULC.

The LULC of southern part of
Kaduna Metropolis remained largely
unchanged until the last four decades
when the area began to assume some
dimension of spatial growth due to
population growth and rapid economic
transformation (Oyedele, 1977). Due
to the activities of man, the LULC
status of the area has being
undergoing modifications. Some of the
vegetation cover and agricultural land
that were conspicuous in parts of the
area have now disappeared as built-up
areas appear to be increasing (Akpu,
2012). The findings by Akpu (2012)
revealed that built-up area increased
from 6,410ha to 19,611ha between
1973 and 2009 at the rate of 5.72%
annually. The results also showed that
the southern part of the metropolis was
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growing at a faster rate of 11.24%
yearly within that same period. Such
trend in LULCC could lead to some
adverse effect on the ecosystem and
consequently, deterioration of the
environment. There is therefore, the
need to analyze the changes in LULC
of the area. Hence, the aim of this
paper is to apply remote sensing and
Geographic Information System (GIS)
techniques to analyze
landuse/landcover changes in the
Southern part of Kaduna metropolis
with a view to determine the nature,
magnitude and rate of change in
landuse/landcover of the area between
1990 and 2014.

1.1 The Study Area

Southern part of Kaduna
metropolis is found in Kaduna State,
Nigeria, located between latitudes 10°
23'30"North-10°29'30"North and
Longitudes 7°21'45"East -
7°31'30"East (Figure 1). The area has
a total land mass of 319.16km? and
bounded by River Kaduna to the north
and extends southwards to cover all
the settlements south of River Kaduna
(Oyedele, 1977). The area lies on an
enclosed gentle rolling within the
undulating high plains of northern
Nigeria (Musa, 1993). The dry season
lasts from November to March. The
mean annual rainfall is about 1525mm
and the length of the rainy season
period is about 200 days. The mean
monthly temperature reaches 28°C in
March and drops to 23.3°C in
December (Abaje & Giwa, 2008).
Humidity is constantly high (above
60%) at mid-day and close to 100% at
night during the rainy season
(Ndabula, 2006). The vegetation is
shrub savanna interspersed with
orchard bush which is an indication of
degradation of natural vegetation. The
original vegetation which was slightly
thick woodland and tall grasses has
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been modified by intense cultivation,
grazing and burning (Jackson, 1958).
The population of southern part
of Kaduna metropolis is estimated at
299,45