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ABSTRACT
Census Enumeration Information System of part of Ikeja GRA residential layout, Ikeja Local
Government area of Lagos State was conceived to manage census data in a digital database that is
consistent and devoid of redundancy that enables data sharing and at the end, National Population
Commission will be a node among the geospatial data information infrastructure in the national geospatial framework. Therefore, the design of a geodemographic digital database has become more
useful and imminent for National Population Commission to establish a pragmatic database that will
allow easy update and retrieval. Population data of the Five enumeration areas in the study area
making up a Supervisory area were from the National Population Commission (NPC), Abuja; while
the geometric data were digitized from 1.0m Ikonos image of the study area from the Office of the
Surveyor-General of the Federation (OSGOF), Abuja and attribute data were from oral interview.
Adekunle Fajuyi had a population density of 1426/ Km² as the most densely populated in the study
area while the least was Oduduwa that had 422/ Km². The reason is attributed to more houses falling
in residential category in Adekunle Fajuyi area while Oduduwa area have more buildings with
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residential purposes. The network analysis compared the results from taking the best route and
alternative route from the assemblage point to a point in EA 0010. The difference between taking the
best route and the alternative route is 7.4m. This is an indication that the best route is shorter than the
alternative which will in turn saves time and cost of running the operations of the Enumerators. The
maps of the best and alternative routes were produced. This structure if properly put in place is
expected to provide for the implementation of a proper GIS in the National Population Commission
nationwide.
Keywords: Census, Enumeration, Population and Geographic Information Systems

1. INTRODUCTION
One of the essence of planning is to adequately take care of the most important needs of
the people, such as electricity supply, portable water, hospitals, schools and so on based on
available resources. One of the foundations of an effective national planning is accurate
census figure. Previous censuses conducted in Nigeria, concentrated mainly on the human
population which of course is not enough for planning effectively, but when the dimension of
socio-economic status of an average Nigerian is added, then it becomes more explicit and
precise for effective planning and use. [1] defined population and housing census as “The
total process of collecting, compiling, analyzing, evaluating, publishing and disseminating
demographic, economic, social and housing data pertaining to a specified time to all persons
and all buildings in a country or a well delineated part”.
The term census has been defined by different scholars and authors, translating into
different meaning(s) and purpose(s). The delineation of territory into smaller census units
known as Enumeration Areas, is one of the most tedious and significant operations of any
census. Therefore, it is imperative to have a well-defined and precise boundary of
Enumeration Areas, Supervisory Areas, Localities, Local Government Area, State and
Country to avoid overlaps and repetitions through mapping as a task that must be
accomplished without compromising standards in order to have an accurate and reliable
census. It is evident therefore, that the basic unit of operation is the enumeration area and its
accuracy and completeness determines to a great extent the success or failure of the census
exercise. Proper delimitation of Enumeration Area provides the conceptual linkage between
mapping and the census taking, which indeed facilitates a successful conduct of any census.
Database and mapping system bring in the concept of GIS that has been variously
defined as a system that allows the capture, updating and display of a number of previously
unconnected data set, bring them into a common reference system for spatial analysis from
which relationship can be identified and decisions made [2]. [3] in his own submission
defined geospatial system as a powerful set of tools for collecting, storing, retrieving at will
and display spatial data from the real world for a particular set of purposes. [4] defined
Geographic Information System as computerised tools for capturing, storing, checking,
integrating, manipulating, analysing and displaying data which are spatially referenced to the
earth. From the above authors therefore, it can be inferred that GIS can be employed to solve
the misery behind the irregularities associated with the previous headcounts. Database and
mapping system enable more efficient production of enumeration maps and thematic maps of
census result and a key role in data dissemination [5].
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2. DEFINITION OF TERMS
These concepts are very important in the understanding of census operations. [6]
defined these concepts as follows:
 Enumeration Area: Enumeration Area is the smallest compact area unit of dwelling
quarters for census administration that can be conveniently covered by a set of
enumerators.
 Enumeration Area Map: This is a map of an Enumeration Area showing all its
boundaries and other important features. It contains a good description that will enable
easy identification of the Enumeration Area by enumerators and other functionaries in the
field.
 Building: A building is any independent free standing structure comprising one or more
rooms covered by a roof and may or may not be enclosed within external walls or dividing
walls. A building may be used for residential, commercial or industrial purposes for the
provision of goods and or services.
 Locality: A locality is a distinct inhabited place in which the inhabitants live in
neighboring buildings and which has a name or a locally recognized status.
 Household: A household comprises a person or group of persons living together under
the same roof or in the same building or in a compound, that recognizes and
acknowledges one adult male or female as the head, share a common source of food and
think of themselves as a unit.
 De-Facto Method: A de facto census in which people are enumerated according to where
they stayed/sleep on the night proceeding the census day.
 Cadastral Maps: These are maps of urban and some large rural settlements. On the
cadastral/Town maps, roads streets, footpaths, streams and properties are distinctively
shown. The scale is usually very large. It ranges from 1:800 to 1:25,000. They are useful
in the delineation of EAs within settlements where population is concentrated.
 No No-Man’s Land: This is when there is absence of gaps or spaces between EAs.
 Non-Overlapping: Enumeration Area are created in such a form that they do not cut
across enumeration area boundaries but share common boundary with adjacent
enumeration area.
 A Team of Demarcators: This refers to two sets of demarcators with supervising field
officer.
Past census exercises in Nigeria have been bedeviled by lack of scientific Enumeration
Area framework, resulting in overlapping or creating of no-man’s land which compromised
the accuracy, reliability and acceptability of census figures. This study attempts to produce a
Census Enumeration Information System Map for census activities using Remote Sensing and
Geographic Information Systems approaches. It is also aimed at creation of structured
database to link Enumeration Area Maps with the demographic data collected and solving the
problems of lack of relational databases in which Enumeration Areas can be generated and
extracted. This is needed to seek a way out of the census anomalies in Nigeria. It is also to
produce Census Enumeration Information System maps in digital format to support mapping
needs of census, facilitate the management and maintenance of census records [11].
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Figure 1. Map of the study area showing the five enumeration areas in the supervisory area

The objectives include the following if the aims stated therein are to be fully
accomplished at the end of the study. They are:
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Design of relational database that will support all cartographic operations of
National Population Commission;
Acquisition of geometric (spatial) and semantic (attribute) data;
Linking of the geometric and the semantic data in a structured database;
Generation from the digital database a geo-referenced enumeration area maps that
will serve as a national frame for subsequent censuses; and
Presentation of the result for Decision Support System.

Figure 2. The 0.6 m Ikonos image of the study area
(Source: Office of the Surveyor-General of the Federation, Abuja)

The study area is part of Ikeja GRA Residential Layout of Lagos State. Ikeja is an outersuburb of the city of Lagos and capital of Lagos state. It is also one of Nigerian Local
Government Areas (LGA). It was founded by an Awori hunter named Akeja Onigorun, after
whom the area was named. To this day, the majority of residents in Ikeja are Aworis. It is
approximately defined by latitudes 6° 35’ 20.58” and 6° 35’ 83” north of the Equator and by
longitudes 3° 19’ 15.21” and 3° 21’ 33” east of the Greenwich meridian. It is bounded in the
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north by Agege Local Government Area in the east; it shares boundary with Ogun State in the
West and in the South by Oshodi/Isolo Local Government Area and Mushin Local
Government Area respectively. Ikeja is the capital of Lagos State and has a population of
313,196 people according to 2006 population figures [7]. It has area coverage of about 46.2
km2. The study area is a Supervisory Area (SA) which comprises of five enumeration areas
(EAs) as indicated in Figure 1 during the demarcation for 2006 National Population and
Housing Census. Ikeja community is made up of craftsmen, artists, musicians mainly highlife
specialists.

3. MATERIALS AND METHOD
Data for census enumeration information system for census activities is a critical issue
particularly in Nigeria. Apart from inadequate data, the attitude of the public towards
generating data for National planning is lukewarm and conducting census is very expensive.
The data used in this project were sourced from secondary sources. The study relied more on
Cartographic department of National Population Commission for secondary data. The Ikonos
image (Figure 2) with 0.6m resolution was used to generate the study area boundary, the
buildings and the roads. Street guide map of Ikeja at a scale 1:2,000 for the proper
identification of some street names were gotten from Lagos State Ministry of Lands and
Surveys, Alausa Ikeja. Household infraction which is the attribute data for the relational
database was generated from the result of the NPC 01 form of the 2006 population and
housing census for some specified number of geographic units.
[8] opined that “In data modelling, users and system developers participate in a process
that successfully engages with each of these levels”. They submitted that the first phase of
modelling begins with definition of the main types of objects to be represented in a GIS and
concluded with a conceptual description of the main types of objects and relationships
between them. In the case at hand, the study area, the enumeration area, the supervisory area
and the buildings are part of the entities that participated in the design of the database. Once
this phase is complete, according to [8] further work will lead to the creation of diagrams and
lists describing the names of objects, their behaviour, and the type of interaction between
objects. This type of logical data model is very valuable for defining what a GIS does and the
type of domain over which it can extend.
The relationships that exist between the entities are illustrated with Entity-relationship
diagram. Logical models are implementation independent, and can be created in any GIS with
appropriate capabilities. The final data modelling phase involves the creation of a model
showing how the objects under study can be digitally implemented in a GIS. [8] finally
submitted that the final phase in database design is the Physical models that describe the exact
files or database tables used to store data, the relationships between object types, and the
precise operations that can be performed. Computer hardware and accessories with ArcGIS
10.2.2 installed on it was used to carry out the various activities in the successful
implementation of the application. The street guide map was scanned into the computer where
the streets and the names were extracted to compliment the data from the Ikonos image of the
study area. The implementation of the database was done with the use of ArcGIS 10.2.2. The
databases were created for the entities in the study area using both the geometric and semantic
data collected from the field and the office of National Population Commission respectively.
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The database is manned and secured by a trained professional to avoid tampering and
subsequently loss of data; physical protection to data cannot be overruled to prevent stealing
and damages to the systems’ hardware from power surge by providing back-ups. The integrity
of the database is also paramount where redundancy in records is eliminated. The database is
maintained from time to time by regular updating to meet up with the challenges of the
commission.

Figure 3. Levels of abstraction relevant to GIS data model
(Adapted after Longley et al 2001)

4. ANALYSES AND RESULTS
Cartographic Model according to [9] is a general methodology for the analysis and
synthesis of geographic data. It is a geographical data processing methodology that purports
to address diverse applications in a clear and consistent manner. This is achieved by
decomposing data sets, data processing capabilities and data processing control specifications
into elementary components that can then be recombined with relative ease and great
flexibility. The result according to [9] is what amounts to a map algebra in which maps of
individual characteristics such as soil type, land value or population density are treated as
variables that can be transformed or combined into new variables by way of specified
functions. Cartographic Model of a census enumeration information system reveals the
graphical representation of the data, and analytical procedures employed in the linking or
organizing basic analyses operation in a logical sequences, such that, the output in one
operation is the input to the next operation. The cartographic model of census enumeration
information system is shown below in Figure 4.
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Figure 4. Cartographic model (Authors, 2017)
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4. 1. Population Distribution
The population figures of the five Enumeration areas in the study area according to the
2006 population census conducted in the country by the National Population Commission is
given below in Table 1. The data was linked to the geometric data from the imagery and
forming a geospatial database from where map of the population distribution in Figure 6 was
generated. The population density of the area was calculated using appropriate formula and
the result shown in Table 2 and the bar chart is also shown in Figure 5.

Figure 5. The Enumeration Area population density in bar chart

Table 1. Population Distribution of Enumeration Areas in Ikeja GRA.

S/N

EA Name

Male Pop

% of Total

Female Pop

% of Total

Total Pop

%

1

Adekunle Fajuyi

348

50.07

347

49.93

695

100

2

Oduduwa

115

56.10

90

43.90

205

100

3

Oba Akinjobi

173

51.95

160

48.05

333

100

4

Sowemimo

166

52.04

153

47.96

319

100

5

PWD

145

53.90

124

46.10

269

100

Source: NPC, 2006
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Figure 6. Map of the population distribution in the study area
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Table 2. Population Density of Enumeration Areas in Ikeja GRA.
S/N

EA Name

Total Population

Area (m2)

EA_Density (Pop/Km²)

1

Adekunle Fajuyi

695

487486

1426

2

Oduduwa

205

485649

422

3

Oba Akinjobi

333

561650

593

4

Sowemimo

319

600936

531

5

PWD

269

547826

491

Source: NPC, 2006

4. 2. Network Analysis
The Network Analyst Tool in ArcGIS 10.2.2 used for various analyses in this study was
employed to solve the problem of logistics in terms of moving Enumerators, Census materials
from one point in the Supervisory Area to the other by the Supervisor in charge of the SA.
Earlier in the definition of terms, Supervisory Area is made up of Enumeration Areas, there
are five enumeration areas in the study area namely: Adekunle, Oduduwa, Oba Akinjobi,
Sowemimo and PWD.
The Supervisor is in charge of distribution of Enumerators and materials to various
points where the enumeration can commence without any hitches. [10] was of the opinion that
creating a network dataset is accomplished with the New Network Dataset wizard, which is
accessed from the Catalog window in ArcMap. The wizard guides the user through a series of
questions so it can create a network dataset that fits the needs of the user. These are the steps
followed to create a network dataset that was used for the network analysis carried out in the
study.
The questions like “What is the quickest way from point A to point B? How do we
maximize time while cutting cost and getting the best results?” can be answered. The best
route and the alternative route were carried out to compare the distances covered in both
cases. These are shown in figures 10 and 14; summarized in Table 3.
4. 2. 1. Best Route
The best route according to [10] is the route that has the lowest impedance, or least cost,
where the impedance is chosen by the user. Any cost attribute can be used as the impedance
when determining the best route. In this case, the distance (in metres) is used as the cost
attribute.
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Figure 7. Defining the two points between the assemblage point and the starting point of
Enumerator working in EA 0010

Figure 8. Generation of best route between the assemblage point and the starting point of
Enumerator working in EA 0010
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Figure 9. Direction window showing the distance covered by using the Best Route

Figure 10. Map showing the Best Route from point 1 to point 2 in the study area
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4. 2. 2. Alternative Route
The alternative route is the route followed when there is or are obstacles on the best
route. This was done by placing barriers on two points along the best route.

Figure 11. Placing barriers on two points along the best route

Figure 12. Generation of Alternative route between the assemblage point and the starting
point of Enumerator working in EA 0010
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Figure 13. Direction window showing the distance covered by using the Alternative Route

Figure 14. Map showing the Alternative Route from point 1 to point 2 in the study area
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Table 3. Difference in distance travelled between the Best route and the Alternative route.

Route

Best Route

Alternative
Route

Difference

2565.5

2572.9

7.4m

The distance between the assemblage point and
the starting point of Enumerator working in EA
0010

5. DISCUSSION OF RESULTS
Having undergone the various steps of data acquisition, data analysis and generation of
various results, it is imperative to discuss the various results that were generated for decision
support as stated in the objectives of this study. The population of the five Enumeration areas
were gotten from physical contacts with the residents during the census of 2006 as shown in
Table 1. The figures were then used to calculate the population density. The results showed
Adekunle Fajuyi having a population density of 1426/ Km² as the most densely populated in
the study area, Oduduwa had 422/ Km². the reason is attributed to more houses falling in
residential category and Oduduwa area having buildings for commercial purposes than
residential purposes as shown in Table 2.
The network analysis compared the results from taking the best route and alternative
route from the assemblage point to a point in EA 0010. The difference between taking the best
route and the alternative route is 7.4m as shown in Table 3. This is an indication that the best
route is shorter than the alternative which will in turn save time and cost of running the operations
of the Enumerators. The end products of every GIS work are plans, charts and maps depending on
the scale at which they are produced. The scale differentiates the categories of the products. This
is why the map in figure 6 showing the population distribution in the study area, figures 10 and
14 indicate the map of the best route and that of the alternative route fron one point in the
study area to the other.

6. CONCLUSION
It is concluded that the aim and the objectives of this study were achieved. Geographic
Information System capabilities and appropriateness in the planning and execution of
censuses in Nigeria and elsewhere had been demonstrated as shown in the study. The database
created were tested and analyses performed on them. This study has revealed that if GIS is
properly applied, the costs of field work for enumeration area demarcation will be greatly
reduced.
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7. RECOMMENDATIONS
At the end of the study, the following recommendations are suggested to the decision
makers in government and National Population Commission:
1. As Nigeria prepares for next census, methodology should be more scientific and
analytical; Remote Sensing and GIS tools should be adopted in the on-going
demarcation of boundaries in readiness for the next census in Nigeria in 2018.
2. All Enumeration Areas and Supervisory Area maps for census operation should be georeferenced and drawn to scale as against the previous methods of free-hand sketches.
3. The National Population Commission should develop a well-structured database of all
maps which can be updated regularly.
4. Motivated and well-trained staff will play a very important role in the success of
subsequent censuses.
5. A well-secured back-up should be put in place to avoid loosing data to virus attack and
access to any unauthorized personnel within or outside the commission.
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