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ABSTRACT
The process of urbanization has created a host of new opportunities enmeshed with new and ill-understood
problems. With the acceptance of the technologies with particular reference to the Global Systems of Mobile
Telecommunication (GSM), investors in the sector are in the race for increasing their service reach while
optimizing returns in most developing countries like Nigeria. In this study the application of GIS was used for
spatial location of telecommunication masts in Kaduna South Local Government Area. Topographic analysis was
performed to show the configuration of the terrain of the study area. Database was created and ArcGIS 10 were
used to carry out spatial analyses. These include spatial search, buffering operation, editing, query etc. to
determine signal strength of masts. Overlay operation were used to merge together various themes and buffering
techniques were also used to determine the suitable area to sit new Mast.
Keywords: GIS, Telecommunication, ArcGIS 10, Mast.
1.
INTRODUCTION
Urbanization is not a new phenomenon in developing countries especially in the continent of Africa as shown by
cities in Nigeria like Lagos, Ibadan, Addis-Ababa, Cairo, Kano, and Kaduna. The importance of
telecommunication in the socio-economic development of cities cannot be over emphasized especially in
developing countries. According to Moss (1999) advanced communication technologies are transforming the form
and function of large metropolitan regions. For centuries, the growth of cities depended on transportation linkages
to facilitate the movement of people and goods. As advanced, industrialized nations rely more heavily upon
information-based services, the viability of a metropolitan region will depend on its communications
infrastructure to facilitate the movement of ideas and information.
In 2000 the then Greater Johannesburg Northern Metropolitan Local Council published by-laws relating to the
erection and evaluation of cellular masts and other antennas. The by-laws determine that application must be
made for antennas higher than 20 m, certain antennas that are disguised as Street lights and that are not higher
than 20 m are approved by means of building plans.
The by-laws also provide for certain environmental considerations which are more or less the same as those
stipulated in this report. Different aspects of each of these policies were incorporated in this report. This ensures
that there is consistency in terms of policy.
The factors influencing the location of base stations in Nigeria as obtained from the telecom operators. The result
shows that there are 10 key factors and these include: accessibility, land value, size of land area, population,
availability of power/electricity, security, proximity to other base stations, topography, regulatory standards and
technical specifications. These factors were ranked based on their importance. Population was ranked first,
followed by topography, technical specifications, land value, security level of the location, accessibility to the
13
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location, availability of power, size of the land, regulatory standard (Planning/NCC) and lastly proximity to other
base stations Omole, K. (2006).
Ok
1.1 The Impact of Wrong Siting of Masts on Users and Environment
Roan (1993) proposed that mast siting is based on several factors, most notably whether the site will complement
existing masts, whether a particular area is frequently traveled, whether land is available and affordable and
whether future demand exists for the area. He further asserted that improper mast placement waste valuable
resources, especially in terms of capital expenditure and the expected revenue to be generated are reduced.
Radio base station need to be located where the existing signal strength is insufficient to support network
requirements, or where demand on the system is such that we need to increase capacity. The location of each
radio base station is determined by the following factors:
i. The terrain height of the area and surrounding topography
ii. The height and density of the buildings and structures within the area
iii. The proximity to adjacent radio base stations and the signal coverage from them.
iv. The service type that is required.
v. The potential customer demand within the area.
1.2 Study Area
Kaduna South Local Government Area came into existence in the year 1991 when additional local governments
were created by the Babangida administration while the local government headquarters is located at Makera
Kakuri. Kaduna South is located on latitude 10o301 North and longitude 7o 281 East where the Lagos–Kano
railway line crosses the Kaduna river and where the eastern railway line branches off south of the railway bridge.
Its headquarters is located in Makera. It has an area of 59 km² and a population of 402,390 (National Population
Commission, 2006). Kaduna South Local Government is made up of six districts namely: Barnawa,
Makera/Kakuri, Kurmin Mashi/Badiko, Angwan Muazu, Angwan Sanusi and Tudun Wada. The climate of
Kaduna South LGA Metropolis is the same as obtained in the whole Kaduna State. The dry season last from
November to March (5 months). The cold-dry season accompany with dust laden harmattan wind blows from the
north-east during this period.
The rainy season lasts from April to October (about 7 months) with the peak in July/August. The average annual
rainfall is about 60.0mm (NEST, 1991 in Ali, 2004). The rainy season is much longer in Kaduna as compared to
the extreme northern states due to their nearest to Sahara desert neighboring countries. The lowest temperature is
in January (about 20.20C). Relative humidity in the dry season is below 10% in the afternoon and 30% at down.
During the rainy season, the relative humidity can be over 700% in midday and 95.5 down at dawn (NEST, 1991
in Ali, 2004).
The vegetation is of the guinea savanna type with tall grass, scattered trees and gallery forests along river courses.
Example of trees found is the shea butter called butyrapenniu parkii, tamarind called Tamarindus indica
botanically (Ali, 2004). Vegetation communities are associated with distinct ecological sites with particular regard
to the nature of the soil.
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Figure 1.0: Map of Kaduna State showing Kaduna South LGA

2.0 MATERIALS & METHODS
2.1 Database Design
Kufoniyi (1998) defined database design as the process by which the real world entities and their
relationships are analyzed and modeled in such a way that maximum benefits are arrived which utilizing
minimum amount of data.
1. Conceptual Design.
2. Logical Design.
3. Physical Design.

Fig 2.0 Design and Construction Phases of a Spatial Database ( Kufonyi, 1998)
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Fig 2.1 showing the Entity Relationship Diagram
Table 1.0 showing the Logica Schema

2.2 Data Acquisition
Data acquisition was through handheld GPS, observation and oral interview articles on telecommunication masts.
Sources of Data Acquisition
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Table 2.0 Showing data Acquisition and sources
Ok
S/n Data
1. Composite Map
2. Mast Spatial locations of MTN, Airtel, Visaphone,
Etisalat& Glo
3
Mast installation standard guideline

Source
Handheld GPS
National Communication
Commission branch office

3.0 ANALYSES AND RESULT
3.1

Spatial Analyses

3.2 Buffering
The location of the various telecommunication service providers in Kaduna South LGA were buffered
using the minimum 1.5km standard for erecting telecommunication masts in Nigeria of which the study
area. The figures for the various buffers as well as their attribute tables are listed below:

Fig 3.0 Buffer of 1.5 kilometres of MTN
showing signal coverage area.

Fig 3.1 Buffer of 1.5 kilometres of AIRTEL mast
mast showing signal coverage area
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Fig 3.2 Buffer of 1.5 kilometres of ETISALAT
signal coverage area.
area.

Fig 3.3 Buffer of 1.5 kilometres of CO-mast showing
LOCATION mast showing signal coverage

Figure 3.4 Query showing contour = 220

Figure 3.5 Map showing Elevation Heights of 220m
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Figure 3.6 Query showing Possible Sites for New Mast Location

Figure 3.7 Map showing Possible Sites for New Mast Location
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Figure 3.8 Terrain Map of the Study Area

Figure 3.9 Map showing Existing Mast Location coverage

Figure 4.0 Map showing Suitable Area for Masts Location
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Figure 4.1 Map showing Best Sites for Mast Location
3.4 Analysis of Spatial Location of the Telecommunication Masts
A total of 105 (one hundred and five) telecommunication mast sites were spatially located within Kaduna South
Local Government Area as observed during the field data acquisition and are used for this analysis. The
aforementioned 105 telecommunication masts in the study area represent sites for the various telecommunication
service providers in the study area. See Table 3.0 and Figure 4.1
Table 3.0 Breakdown of Service Providers in Kaduna South Local Government Area
TELECOMMUNICATION SERVICE PROVIDERS
S/NO.

PROVIDERS

NUMBER

PERCENTAGE

1.

MTN

35

33

2.

AIRTEL

30

20

3.

GLO

18

17

4.

ETISALAT

19

18

5.

VISAPHONE

5

5

6.

CO-LOCATION

9

7

116

100

TOTAL
Source: Field Survey 2014
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Figure. 4.1 Telecommunication Service Providers in Kaduna South Local government Area
Having processed the field data and subsequently the presentation as shown above, it was observed that MTN is
the largest telecommunication service provider (33%) in the study area follow by AIRTEL with (20%), GLO
service provide cover (17%) , ETISALAT (18%), VISAPHONE provides (5%) while the remaining (7%) were
co-provided by the various telecommunication. The spatial display of the telecommunication masts for the various
service providers are graphically shown below using the ArcGIS 10 software.
4.0
DISCUSSION OF RESULTS
Reference to the figure 4.1 above, showing that majority of the masts located in Kaduna South Local Government
area are haphazardly located: the telecommunication service providers did not observed the 1.5km (1500metres)
minimum standard stipulated by National Communication Commission (NCC). From the analysis it is worth
noting that virtually all the masts located within the study area fall within the buffered area. This is the case with
the remain to sites that falls within 1.5km (1500 meters) of radius of the buffered axis.
The graphical representation of telecommunication masts in Kaduna South LGA in the above digitized map is a
clear indication of lack of adherence to the stipulated guideline of National Communication Commission (NCC).
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