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SUMMARY

In recent times, there is an increase in the rural-urban migration in Nigeria, this is made evident
by the population surge in Enugu metropolis; this population growth has increased the rate of
physical developments and renewals in the city. Spatial urban dynamics are the processes
underpinning changes taking place in the spatial organization of large cities; this phenomenon as
effects on the morphology, functional form and character of an urban environment over time.
The aim of this research is to assess, model, study and predict the urban dynamics in Enugu
metropolis. In this study, the urban dynamics of the case study city was spatially assessed and
modeled using GIS and remote sensing techniques, the dynamics were assessed for 1995, 2000,
2005 and 2010 using LandSat Imageries (Enhanced Thematic Mapper plus (ETM+) and
Thematic Mapper (TM)) the changes were presented spatially and graphically. A graphical
projection was made in order to estimate/predict the extent of the dynamics by the year 2015.
Geographic Information System was used to extract developmental spatial regions from the
remotely sensed imageries. The results achieved include a spatial model depicting the dynamics
in extent and volume within the metropolis for the respective years of study, a graphical
illustration of the progression of dynamics and a simple graphical projection/prediction of the
dynamics in year 2015. Discussions were made on causes and effects of the dynamics in our
cities and how they may be contained and controlled sustainably.
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1.0 INTRODUCTION

Enugu is a city that is perceived as the centre/capital of the Igbo tribe in Nigeria. It is one of the
fastest growing cities in West Africa. In recent times, there came an increase in industrial and
commercial activities in the city which caused the growths in both population and infrastructural
development. In August, 2013, the International wing of Akanu Ibiam Airport, Enugu was
completed paving way for more local and international investors to come into the city. This study
is centered on assessing the rate of spatial changes that have occurred over time as well as
predicting the rate of dynamics to be expected in time to come.

An Urban area is a system of interacting industries, housing and people (Forester, 1969). Urban
Development is a process of growth undergone by urban areas; it comes as an interaction
between industries, people and housing. The urban system is influenced by the housing market
and the labour market in line with the factors mentioned above as demonstrated in figure 1.
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Figure 1: Urban System and its interacting sectors (Source: Alfred and Graham, 1976)
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Urban dynamics refer to the processes responsible for changing the morphology of urban places.
These processes of urban dynamics includes factors such as Suburbanisation, Exurbanisation,
Counter-urbanisation, Decentralisation, Consolidation, Urban decay, Urban renewal, Urban
village, Spatial exclusion. Spatial Urban Dynamics has to do with changes in the spatial patterns.

Geographic Information System (GIS) is a computer aided system which is designed and
assembled to capture, store, manipulate, analyze, manage, and present many types of
geospatially referenced data. GIS tools and applications are applied by users to create interactive
queries in order to analyze spatial information. (Burrough, et al,1998).

Remote Sensing is the process of obtaining information or carrying out observations on an object
without making any physical contact with the object. This is done using what are called sensors.

2.0STUDY AREA

The major study area is Enugu Urban, in Enugu state, Nigeria. Enugu (Enugwi) is the capital
of Enugu State in Nigeria. it is situated within the following Coordinate limits: 6°27'9.60"N
7°30'37.20"E, Coordinates: 6°27'9.60"N 7°30'37.20"E ; The city core has an area of about
90 km®* The Enugu urban area is made up of Enugu East, Enugu North and Enugu South Local
Government areas of Enugu State in Nigeria. The city has a population of about 722,664
individuals according to the census carried out in 2006; it has a population density of about
6,400/km?2.
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Figure 2.0: A Map showing Enugu Urban (the boundaries are verged red) (Source: Google
Map).

2.1Population Of Enugu Urban

Enugu Urban is estimated to be populated by about 722,664 people ((source) 2006 Population
Census). The indigenous people of Enugu include the Nike, the Awkunanaw and The Enugwu
Ngwo people Most of the non-indigenous people of Enugu are migrants from other parts of Igbo
Land. The Yorubas, Hausas and Fulanies are another significant ethnic group found present in
Enugu. The demographic expansion of Enugu urban began 1990s, increased in the year 2000 and
exploded from the year 2010. The population is still growing considering the rate of influx of
Nigerians into the city in search of residence.

In these studies, we tried to analyze the metrics at which the city has expanded in population for over

eighty five years. See Figures 6.
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Figure 3.0: A graphical illustration of Population Growth in Enugu
3.0DATA

The following data were used in this study

1. LandSat Imageries of 1995, 2000, 2005 and 2010 respectively. Landsat thematic mapper
(TM) was used for 1995, while Landsat Enhanced Thematic Mapper plus (ETM+) was
used for 2000, 2005 and 2010.

2. An analogue administrative map of Enugu Showing Local Government Boundaries.

3. Ground coordinates taken before and during Ground truthing.

4.0 METHODOLOGY

The Land Sat Imageries were already georeferenced, but the position accuracy of the imageries
was further enhanced and precisely ortho-rectified using ground coordinates observations from
dual frequency Hi-Target GPS systems. The Images were also enhanced for good spectral and
radiometric qualities through image enhancement and fusion technigues in ArcGIS. The built-up
index algorithm was adopted to automatically abstract urban-built land features from band 4
(NIR) and band 5 (MIR) of the Landsat ETM . The imageries were also supervisorily classified
and vectrorised for urban-built-up area to complement the derived model from the index.
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The areas derived from the measurements on the vectors were plotted graphically against their
respective years; an upward trend was formed from the graph. The trend was projected to 2015
in order to estimate what the area covered by the city may be by then.
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Figure 4.0: The work flow diagram of the methodology of the study.

5.0 RESULTS
This study was able to achieve the following end results;

a) A vector map showing overlays of the spatial dynamics between 1995 and 2000 (the
difference is given in Square Kilometers, see Figure 5.0).

b) A vector map showing overlays of the spatial dynamics between 2000, 2005 and 2010(the
difference is given in Square Kilometers, See Figure 6.0).

c) A vector map showing overlays of the spatial dynamics between 2000 and 2005(the
difference is given in Square Kilometers, see Figure 7.0).
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d) A vector map showing overlays of total spatial dynamics between 1995 and 2000, 2000 and
2005, 2005 and 2010 respectively. See Figure 8.0.

e) A graphical illustration showing the variation/increase in area from 1995 to 2010. See
Figure 9.0.

f) A graphical projection/estimation of the area of Enugu City in 2015. See Figure 10.0.

6.0ANALYTICAL STEPS

Analytical steps were taken in order to demonstrate the process that is being investigated or
assessed in this study. After the data processes in this study, seven (7) analytical steps were
taken in order to demonstrate the dynamics in the case study area. The steps are illustrated as
follows;

Figure 5.0: Enugu Urban
Expansion between 1995 and 2000
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6.1 Analytical (Spatial) Step One: In this step, the difference between the developed area in
Enugu City 1995 and that of 2000 were assessed. In 1995, the area was 66.757SqrKm while in
2000 it was 67.934SqrKm, the difference was 1.177SqrKm. The development was more evident
only in the Northern part (i.e Enugu East) while Enugu South and North had slower paces.
There were minimal changes for this period. See figure 5.0.

6.2 Analytical (Spatial) Step Two: This step tries to illustrate the difference between the
developed area in Enugu City 2005 and that of 2010. In 2005, the area was 78.604SqrKm while
in 2010 it was 90.032SqrKm, the difference was 11.428SqrKm. The development was evenly
distributed and has a steadier pace than in 1995/2000. This is believed to be as a result of the
increased rate of government and community layout surveys and parcellations/allocations of land
in the state within that season. See figure 6.0.

Figure 6.0: Enugu Urban Expansion between 2005 and 2010
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6.3 Analytical (Spatial) Step Three: Here, the difference between the developed area in Enugu
City 2000, 2005 and 2010 were assessed. In 2000, the area was 67.934SqrKm; in 2005 it was
78.604 SqrKm, while in 2010 it was 90.032SqrKm. The difference between 2000 and 2005
was 10SqrKm while the difference between 2005 and 2010 is 11.428SqrKm. The total difference
from 2000 to 2010 is 22.098SqrKm. The expansion/changes are evenly distributed in the
metropolis between 2000 and 2010. See Figure 7.0.

Figure 7.0: Enugu Urban Expansion 2000, 2005 and 2010
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6.4 Analytical (Spatial) Step Four: This step assesses the total dynamics in the developed area
in Enugu City from the beginning to the end of the study period. In 1995, the area was
66.757SqrKm; 2000 was 67.934SqrKm; 2005 was 78.604SqrKm, and 2010 was 90.032SqrKm.
The difference between 1995 and 2000 was 1.177SqrKm; difference between 2000 and 2005 was
10.67SqrKm; and the difference between 2005 and 2010 is 11.428SqrKm. The total difference
from 1995 to 2010 is 23.275SqrKm. It is clear that the developmental expansion in Enugu
metropolis increased rapidly within 2000-2010. See Figure 8.0.

Figure 8.0: Enugu Urban Expansion 1995, 2000, 2005 and 2010
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6.5 Analytical (Graphical) Step Five: This step was taken in order to illustrate graphically the
rate of the expansion/changes in the developed area of the case study. In the graph below, the
areas (in SqrKm) was plotted against their respective years. The graph line is shown in a red
broken line in Figure 9.0 Below. If the trend is observed, the changes were lower between 1995
and 2000, and it went up at a steady acute angle till 2010. This shows us that there was a rapid
increase in development from the year 2000, and the rate of increase did not vary much till

2010.
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Figure 9.0: A graphical illustration of the rate of Urban Dynamics in Enugu city.
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Figure 10.0: A graphical illustration of Population Growth in Enugu

6.6 Analytical (Graphical) Step Six: This step was taken in order to obtain a predictive
approximation/estimation of what the rate of development in Enugu city will be in 2015. In
figure 10.0 above, the areas (in SqrKm) was plotted against their respective years. The blue line
indicates the trend from 1995 to 2010 while broken red line shows the projected/estimated trend
till 2015. The projection of the broken red line intercepted the year 2015 at a point where area
equal to 100.692SqrKm.

7.0 CONCLUSION-DISCUSSIONS

It is evident from the foregoing analysis that there has been dynamics in boundaries/extents of
Enugu Urban between 1995 and 2010; our graphical analysis shows that the dynamics were
dormant between 1995 and 2000 but became rapid from the year 2000. This was because; the
period between the Biafra Civil war and 1999 was a period of military regimes in Nigeria. The
military ruled the country and regimented every aspect of the economy including land. The
governance was unstable as a result of several coups and mutinies; therefore, there were fewer
local and foreign investors in vesting in landed property and estate development. The
democratic dispensation that started in 1999 opened so many local and foreign windows of
opportunities in the land market; this is the reason why our graph went up from 1999 showing
evidence in of the dynamics.
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More so, the major indigenous Igbo clans who are customary owners of Enugu urban are Nike,

Awkunanaw, and Ngwo. The Nike clans are the customary owners of 80percent of Enugu East
and Enugu North; because the clan posses more expanse of land they are more generous in
leasing land to individual and the government, this is the reason why the dynamics are more
rapid in the Northern part of the map than the south (Awkunanaw) and west (Ngwo) (i.e. Enugu
North and East Local Government Areas).

In Conclusion, this study has been able to assess Urban Dynamics in Enugu Urban and also
assessed the rates of dynamics and causes. It is therefore recommended, that in order to contain
these dynamics in Enugu Urban and other urban areas in Nigeria it is important to avoid/reduce
the development of more slums, state government should embark on robust Town planning
projects on the developing areas, and enforce development control measures in the planned
towns.

REFERENCES

Alfeld, Louis E.(1995) Urban Dynamics-The first fifty years. System Dynamics

Burrough, P. A. and McDonnell, R. A. (1998). Principles of Geographical Information Systems,
Oxford University Press, New York.

Burdekin, R. (1979) A dynamic Spatial Urban Model: a generalization of Forrestser’s Urban
Dynamics model. Urban 4:93-120.

Carleer, A. P. and Wolff, E., (2006). Urban land covers multi-level region-based classification of
VHR data by selecting relevant features. International Journal of Remote Sensing, 27(6),
pp. 1035-1051.

Despotakis, Vassilios K., and Maria Giaoutzi.(1996) Spatial Modeling of Urban Dynamics.
Paper read at 1996International System Dynamics Conference, at Cambridge, Massachusetts.

Ford, Andrew. (1999) Modeling the Environment: An introduction to system Dynamics
modeling of Environmental System. Washington: Island Press.
Forrester, Jay W.(1969) Urban Dynamics.

Fournier, Serge.(1986) Dynamics of the Urban Growth of an average French City: the CARPE
model. In Avances in urban advances modeling.

Graham, AlanK. (1974) Understanding Urban Dynamics: An Analysis of Garn’s Interpretation.
In Rreading in Urban Dynamics, Edited by N. J. Mass. Cambridge MA; Productivity Press.

Assessment of Spatial Urban Dynamics in Enugu City Using GIS and Remote Sensing, (6908) 13/15
Victor Nnam, Ikechukwu Maduako, Chukwubueze Onwuzuligho Chukwubueze, Godwin Nnam and
Makuachukwu Eze (Nigeria)

FIG Congress 2014
Engaging the Challenges — Enhancing the Relevance
Kuala Lumpur, Malaysia 16-21 June 2014



Jensen, J.R.,(1996), Introductory digital image processing: a remote sensing perspective, Upper
Saddle River, NJ: Prentice Hall, (second edition).

Sanders P. and Sanders F., (2012): Spatial Urban Dynamics; A vision on the Future of Urban
Dynamics: Forrester Revisited. PDF accessed online 20-10-2013.

Summing the 3 LGAs Enugu East/North/South as per:
Federal Republic of Nigeria Official Gazette (2007). "Legal Notice on Publication of the Details
of the Breakdown of the National and State Provisional Totals 2006 Census" (PDF). Retrieved
2012-05-19.

Statistics: Enugu, Nigeria (2010) The Weather Network. (PDF) Retrieved 2012-06-23.

CONTACTS

Nnam Victor Chukwuemeka

Principal Consultant
GeoSynergy Services Limited.
Suit C2 Goshen Plaza,

38 Garden Avenue,

Enugu, Nigeria.

Tel: +2348032760910

victor.nnam@gmail.com,

Mmaduako Ikechukwu

Lecturer 11

Department of Geoinformatics and Surveying
University of Nigeria, Enugu Campus

Enugu, Nigeria.

Tel: +2348136845136
iykefirstclass@yahoo.com

Onwuzuligbo Chukwubueze
Lecturer 11

Assessment of Spatial Urban Dynamics in Enugu City Using GIS and Remote Sensing, (6908) 14/15
Victor Nnam, Ikechukwu Maduako, Chukwubueze Onwuzuligho Chukwubueze, Godwin Nnam and
Makuachukwu Eze (Nigeria)

FIG Congress 2014
Engaging the Challenges — Enhancing the Relevance
Kuala Lumpur, Malaysia 16-21 June 2014



Department of Geoinformatics and Surveying
Nnamdi Azikiwe University, Awka.
Anambra, Nigeria.

Tel: +2348067837942

chukonvilla@yahoo.com

Nnam Godwin Uchechukwu

Director of Operations
GeoSynergy Services Limited.
Suit C2 Goshen Plaza,

38 Garden Avenue,

Enugu, Nigeria.

Tel: +2348063388846
u_nnam(@yahoo.com

Eze Makuachukwu Alexander

Pupil Surveyor

GeoSynergy Services Limited.
Suit C2 Goshen Plaza,

38 Garden Avenue,

Enugu, Nigeria.

Tel: +2347035314897

ezemakuachukwu alexander@yahoo.com

Assessment of Spatial Urban Dynamics in Enugu City Using GIS and Remote Sensing, (6908)
Victor Nnam, Ikechukwu Maduako, Chukwubueze Onwuzuligho Chukwubueze, Godwin Nnam and

Makuachukwu Eze (Nigeria)

FIG Congress 2014
Engaging the Challenges — Enhancing the Relevance
Kuala Lumpur, Malaysia 16-21 June 2014

15/15



