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Abstract

This study examined land cover and land use changes (LCLUC) in Owerri
and environs from 1986 to 2016 and went further to determine the trend in
the change of each LCLUC class. The satellite imagery of the area over the
three decades was characterized into the different LCLUC classes and the
changes in the areal extent of the different LCLUC classes were calculated and
plotted, followed with the estimation of the trend using linear regression
analysis method. The result revealed that over the three decades, forests and
sparse vegetation respectively decreased at a rate of 0.73% and 0.05% of the
total land area per year while built up areas increased almost equally in the
opposite direction at a rate of 0.65% of the total land area per year. Open
spaces and water bodies decreased at the rate of 0.11% and 0.02% of the total
land area respectively which were as a result of the pressure for resources like
land and sand for built infrastructure. A model was derived for the LCLUC
and it revealed that Owerri and environs may be devoid of vegetal cover in
about 2 decades (2039) if the current rate of conversion of forests to built-up
infrastructure is not abated. This whole LCLUC scenario if not controlled
may trigger changes in the local climate of the area and urgent steps are
therefore needed to create awareness to all the stakeholders in the area on the
need for sustainable land and natural resources use, tree planting, urban spa-
tial plan and controls in order to safeguard the environment, ecosystem and
climate of the area for the future.
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1. Introduction

Land use is the exploitation of natural resources by human in his immediate en-
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vironment and when this has taken place over a length of time causing an irre-
trievable transformation of the landscape, it is termed land use changes (LUC)
or more generally land cover and land use changes (LCLUC). Land use is thus
characterized by the arrangements, activities and inputs people undertake in a
certain land cover type to produce, change or maintain it [1], and these ar-
rangements, activities and inputs which include farming, housing, landscaping,
amenities and infrastructure amongst others are as old as human evolution from
the Neolithic time through the Holocene to the present day era. Other actions of
human that change the landscape are deforestation, agriculture, urbanization,
afforestation, reforestation, dumping of refuse and alterations to city planning,
to mention a few. In Indonesia for instance, about 500 sq km of forest is cleared
each year, much of which is replaced with oil palm plantation [2].

At a global scale and on a historical perspective, the model of the transition of
land use from pristine natural ecosystem to modern day intensive agriculture
and urbanization is shown in the figure (Figure 1). This has been defined to
mean a transition from natural vegetation cover to frontier clearing, then to sub-
sistence agriculture and small scale farming and finally to present day intensive
commercial agriculture, urbanization, recreational parks, forest reserves, etc. [3].

Thus, agriculture and urbanization are major activities that lead to changes in
land use, for the reason that an increase in population leads primarily to the de-
mand for shelter and food and subsequently, amenities, industries and commer-
cial housing. The model thus described is not universal, because it may not be
simultaneously fit into all regions of the world, due to the peculiar circumstances
like socio-political and economic situations which a region may be facing. The
rate of transition for any nation or locality can be linear or non-linear depending
on any of the circumstances just mentioned. For instance, some regions may be

static on a particular transitional stage for too long, like infrastructure, due to
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Figure 1. Land use transitions over time. Source: J. A. Foley, R. De Fries et al, 2005.
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economic strangulation or political instability as noticed in developing or un-
derdeveloped nations, while other nations transit rapidly in all the facets like the
western or developed economies.

Owerri town and its environs equally, have had a fair share of studies in tran-
sition of land-use over time (Ze. land use changes with time), which on average
have demonstrated much vegetation cover in the 1980s and early 1990s transit-
ing to modest increase in housing and agriculture in the late 1990s and early
2000s and thereafter to massive urbanization that has continued to present day.
Most of the activities leading to the LCLUC have been made to suit the local
needs, which may either be justified or not. In their study of Owerri and envi-
rons, Nnaji et al. concluded that Built-up areas showed dramatic increase while
other non-built-up surfaces substantially decreased over the decades from 1991
to 2014 [4]. In a parallel study of land use changes in Owerri municipal between
1994 and 2014, Okeke affirmed Nnaji’s observations by stating that “the overall
result (change detections) shows that built-up area and farmlands increased in
size from 1994 to 2014, while other activities decreased” [5]. Chukwuocha and
Blessing observed that built-up LUC class in 2006 and 2012 assumed a dramatic
fast rate of change with farmland and vegetal cover been the most converted
land use classes into built-up and riparian land and water bodies converted to
major sand excavation sites [6]. These activities at that time could be as a result
of increases in economic activities, infrastructural development or population
growth (when projected from the 2006 population census data [7]).

With all these happenings, therefore, the study area can benefit from a probabil-
istic estimation of the transition of a particular LCLUC class into another, using
tools like Markov Chain which Eludoyin ef al [8] have used to forecast the LCLUC
transition in the nearby ObioAkpor LGA, Nigeria. Several scholars [9] [10] [11]
have used it or its variants at other locations. Therefore forecasting the transition
of vegetal covers into built up space is apt for Owerri and environs and other parts
of the country experiencing the same rapid LCLUC transformations.

Apart from direct (or human-caused) changes to land cover, land use changes
can also result indirectly from nature like volcanic eruptions, earthquakes,
landslides, mudslides, flooding, drought and hurricanes amongst others, but
these natural events have not occurred in Owerri and environs in recent or past
memory.

Several studies have indicated that land-use change is a driver of climate
change through changes in greenhouse gas, especially carbon dioxide (CO,)
emissions from the land and changes in energy and water balance at land surface
[12]. The Intergovernmental Panel on Climate Change (IPCC) estimates that
land use change (e.g. conversion of forest to agricultural land) contributes 1.6 +
0.8 Gt carbon per year to the atmosphere [13]. Onyenechere, in his study re-
vealed the increase in ambient air temperature in Calabar, Lagos and Kano [14].
In a recent study, Echebima et a/. revealed that on average, the climate of Owerri

and environs has changed and is warming up, though not at a uniform rate [15].
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So, it will not be surprising if any adverse land use changes in Owerri and envi-
ron will be the cause for the change in the local climate. Owerri and Environs are
the administrative capital of Imo State in south eastern Nigerian which was
created in 1976 and at that time lacked most basic infrastructural befitting her
new status, and then commenced rapid infrastructural developments thereby
putting pressure on the available natural resources. Till date, these rapid infra-
structural developments have gone unabated in order to meet ever changing and
growing socio-economic needs which can be rightly or wrongly justified. These
activities have no doubt led to LCLUC and have thus necessitated this study in
order to understand the current state of things and proffer recommendations.
Therefore, the study is concerned with land cover and land use changes
(LCLUC) resulting from human activities in Owerri and environs from 1986 to
2016 and will further determine the rate of change (trend) of each LCLUC class
which for consistency and comparison with previous studies and based on An-
derson et al. [16], will use the following LCLUC classification namely Built-up
area, Farmland or sparse vegetation, Open space, Forest or thick vegetation and
Water body. The study will not only gave the empirical data on the changes of
each LCLUC class in each decade studied, but will further adopt a novelty ap-
proach to use linear regression methods of line of best fit to determine the over-
all trend, pattern of LCLUC and behavior of natural resource use from which a

projection/forecast can be made of the future size a particular LCLUC class.

1.1. The Study Area

The study area is Owerri urban and parts of its adjacent periurban towns deli-
mited by the coordinates shown in the table (Table 1) and depicted in the figure
(Figure 2). The area encompasses the entire Owerri municipal council and parts
of the adjacent councils namely Owerri West LGA and Owerri North LGA. Two
rivers namely, Otamiri flowing from the East and Nworie flowing from the west
interspersed the study area and has a confluence at a point in Owerri town
which then flows down south. The vegetation of the area is dominantly tropical
rainforest with herbaceous plants forming the forest floor while trees form the
canopies, but the density of the rainforest has drastically been reduced over the
years due to human activities. Interspaced are light or sparse vegetation com-
prised mainly of shrubs and farm plants. The climate of the area is a tropical wet
climate or monsoon climate according to the Koppen-Geiger weather classifica-
tion [17], characterized by high temperature and humidity. It has both wet

Table 1. The corner coordinates of the study area (refer to Figure 4 for the corner points).

Point Longitude Latitude
E 6°58'33.6"E 5°30'25.2"N
F 7°2'56.4"E 5°32'31.2"N
G 7°52.4"E 5°28'8.4"N
H 7°0'39.6"E 5°25'58.8"N
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Figure 2. Map of Nigeria showing the location of the study area in Imo State. Source: Stanley I. Echebima, Andrew A. Obafemi

and Benjamin C. Ndukwu.

season when rain falls between April and September and a dry season thereafter
with drier dusty Harmattan period within it. The annual average temperature for

is 26.4°C and average annual rainfall is 2219 mm [18].

1.2. Materials and Methods

Land Satellite (Landsat) imagery data and local maps for geo-reference were
used. The Landsat Thematic mapper (TM) and Enhanced Thematic mapper
(ETM) images of resolution 30 m x 30 m for 1986, 2000 and 2016 that were used
were obtained from the United States Geological Survey (USGS) through their
Earth Explorer. The shapefiles used for generating the maps of the study area
were acquired from the Nigerian National Space Research and Development
Agency (NASRDA). The summary of the materials is given in the table (Table
2).

Geospatial technique using the Geographical Information Systems (GIS) and
other related software platforms were used in the assessment of the changes in
the LCLUC classes in the study area. The five main procedures adopted in this
technique are summarized below namelyBand combination and image
processing, Maximum Likelihood Classification, Statistical presentation of clas-

sified Land cover in hectares and accuracy assessment, Overlay analysis and
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Table 2. Data sources.

Date of
SIN Type of Data ateo Scale of Data Source
Data
. Landsat 8 image 2016 30 m F™M* USGS
2. Landsat 7 image 2000 30 m ETM+ USGS
3. Landsat 5 image 1986 30m™ USGS
1:15,140,906
4. Nigeria Shapefile Data. 2013 . NASRDA
(view scale)
LCLUC Map and a GeoSat Environmental
5. 2017 1:120,000 X
map of study area. Consults Owerri

Source: Stanley I. Echebima, Andrew A. Obafemi Benjamin C. Ndukwu and GeoSat Consult.

finally Change detection of LCLUC variability. The Supervised classification was
done using a sampled training of the area. The final step of image classification
is the accuracy assessment which shows quantitatively the level of accuracy of
the pixels sampled during the training sample development.The classification
scheme was based on the pre-established classification schemes used by pre-
vious researchers which referenced or modified Anderson, et al, UNEP/FAO
[19], FAO [20] for land cover and land use class classifications. On this note
therefore, this study adopted five classes based on the geography of the study
area and in conformity with other scholars particularly Okeke, Nnaji, et al,
Njoku, et al [21] and Ukaegbu, et al, [22] which are: open spaces, forest (or
thick vegetation), farmland (or sparse vegetation), built-up and water body.
The land use maps of the years 1986, 2000 and 2016 were generated and the
area in hectares (or square kilometers) of each LCLUC type in each year cal-
culated in order to determine the change and percentage of change in the total
area covered in the land use types. A plot of the areal changes and percentage
changes is made using MS EXCEL and a line of best fit using linear regression
method made in order to generate the trend line and the formula for the
LCLUC pattern of the area.

2. Results and Discussion

The results of the work are presented starting with the LCLUC in the years 1986,
2000 and 2016 studied and thereafter followed with the trend analysis.

2.1. 1986 Land Cover Land Use Changes in the Study Area

The result of the LCLUC classification for 1986 is depicted in Figure 3 and
summarized in Table 3. It revealed that the largest land cover was the forest,
which a total of 3049.65 hectares making 37.41% of the entire study area. This
was followed by Built up area which occupied a total of 2834.55 hectares which is
about 34.77% of the entire study area. The third in that order was identified to
be Farm/vegetation which was about 1979.28 hectares making up to 24.28%.
Water body and open space were the least of the land covers which occupied
2.26% and 1.28% respectively.
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Figure 3. LCLUC of the study area in 1986. Source: Stanley I. Echebima, Andrew A. Ob-
afemi and Benjamin C. Ndukwu.

Table 3. LCLUC distribution in 1986 and classification accuracy.

Name Count Area (Square Meter) Area (Hectares) % LCLUC

Built-up Area 31,495 28,345,500 2834.55 34.77

Farm/Vegetation 21,992 19,792,800 1979.28 24.28

Forest 33,885 30,496,500 3049.65 37.41

Open Space 2051 1,845,900 184.59 2.26
Water Body 1160 1,044,000 104 1.28
Total 90,583 81,524,700 8152 100
Accuracy Assessment Overall Accuracy: 97.66% Kappa Coefficient: 0.8291

Source: Stanley I. Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.

2.2.2000 Land Cover Land Use Changes in the Study Area

The spatial distribution for LCLUC classes in the year 2000 is shown in Table 4
and Figure 4. In that year, Built-up area occupied the largest space of 3111.12
hectares or 38.16% of the study area followed by forest which occupied a total of
2463.38 hectares which made up 31.44% of the study area. Farm/sparse vegeta-
tion maintained its third position with 2273.85 hectares making up 27.89% of
the entire study area. Open space and water body occupied about 105.3 and

DOI: 10.4236/nr.2019.107018 290 Natural Resources


https://doi.org/10.4236/nr.2019.107018

S. I. Echebima et al.

Table 4. LCLUC distribution in 2000 and classification accuracy.

Name Count Area (Square Meter) Area (Hectares) % LULC
Built-up Area 34,568 31,111,200 3111.12 38.16
Farm/Vegetation 25,265 22,738,500 2273.85 27.89
Forest 28,482 25,633,800 2563.38 31.44
Open Space 1170 1,053,000 105.3 1.29
Water Body 1098 988,200 98.82 1.21
Total 90,583 81,524,700 8152.47 100%
Accuracy Assessment Overall Accuracy: 82.91% Kappa Coefficient: 0.7072

Source: Stanley I. Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.
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Figure 4. LCLUC of the study area in 2000. Source: Stanley I. Echebima, Andrew A. Ob-
afemi and Benjamin C. Ndukwu.

98.82 hectares respectively tallying about 1.29% and 1.21% respectively of the
entire study area.

2.3.2016 Land Cover Land Use Changes in the Study Area

In 2016 as the results revealed in Table 5 and Figure 5, Built-up area became the
dominant land cover, occupying a total of 4410.72 hectares making up about
54.10% t of the entire study area, now followed by farm/sparse vegetation cover

which made up 1881.9 hectares which is about 23.08% of the entire study area.
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Table 5. LCLUC distribution in 2016 and classification accuracy.

Name Count Area (Square Meter) Area (Hectares) % LULC
Built-up Area 49,008 44,107,200 4410.72 54.10
Farm & Vegetation 20,910 18,819,000 1881.9 23.08
Forest 14,184 12,765,600 1276.56 15.66
Open Space 4815 4,333,500 433.35 5.32
Water Body 1666 1,499,400 149.94 1.84
Total 90,583 81,524,700 8152 100
Accuracy Assessment Overall Accuracy: 83.87% Kappa Coefficient: 0.7323

Source: Stanley I. Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.
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Figure 5. LCLUC of the study area in 2016. Source: Stanley I. Echebima, Andrew A. Ob-
afemi and Benjamin C. Ndukwu.

Forest cover to a hit in the years leading up 2016 in been deforested and occu-
pied a mere 1276.56 hectares making up to 15.66% of the entire study area. Open
space was revealed to be 433.35 hectares making up to 5.32% while the water body

is about 149.94 hectares which is equivalent to 1.84% of the entire study area.

2.4. Change Detection Analysis

The change detection analysis which was created by superimposing layer by layer,
the land use forms from the years 1986, 2000 and 2016 is shown in Figure 6. Thus

Built up cover was the dominant and significant land cover land use changes in
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Figure 6. Change detection of built-up cover from 1986, 2000 and 2016. Source: Stanley I.
Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.

2016 occupying more than half of the study area as depicted in Figure 6. Thus,
land use transitional model through those decades can be summarized as high and
fast forest depletion and an inversely high and fast rate in the built-up cover.
These changes in the LCLUC class, as the years progressed from 1986 through
2000 to 2016, is summarized in Table 6 with negative (—ve) or positive (+ve)
differences signifying depletion or growth in the LCLUC class.

That farm/vegetation was fluctuating between the years of this study, may sig-
nify that there is an earlier need for food as population grows, but after the year
2000, there is pressure on the land for housing. Another important observation
is the increase in water bodies which “ground truth” visit to Otamiri and Nworie
rivers revealed massive sand harvesting at the river bed and river banks and also
abuse of riparian lands for physical structures. In like manner, the increase in
open spaces in 2016 are not necessarily leisure parks, play grounds or open
spaces in its real sense, because pre-existing ones have been encroached upon
due to pressure on land for physical infrastructure. The increase in open spaces

is the deforested areas that have been cleared, preparatory for buildings.

2.5. Trend in Land Cover Land Use from 1986 to 2016

The percentage of space occupied by each land cover land use class is shown in
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Table 7.

The data in Table 7 is then transposed into a graph and linear regression analy-
sescarried out in order to determine the trend (or rate of change per year) in
LCLUC class in Owerri and environs. The results are shown in Figure 7(a) and
Figure 7(b).

From, the graphs in Figure 7(a) and Figure 7(b), the following results of the
study can be deduced:

1) Forests/thick vegetation cover is decreasing at a rate of 0.73% of the total
land mass per year or 59.61 Ha per year.

2) Farmland/sparse vegetation cover is depleting at a rate of 0.05% of the total
land mass per year or 3.75 Ha per year.

3) Built up areas are increasing at a rate of 0.65% of the total land mass per
year or 53.22 Ha used per year.

4) Open spaces are increasing at 0.11% of land mass per year or 8.58 Ha per
year which may not be for leisure parks or play grounds because some tradition-
al open parks have been encroached upon due to pressure on land for physical
strictures.

5) Water bodies are increasing at 0.02% of land mass or 1.56 Ha per year due
perhaps to the excavation of sand at the river banks, gully erosion and abuse of

riparian land to meet construction needs.

Table 6. Distribution of the changes in the LCLUC class in 2000 and 2016.

Area Area Change Area Area Change
NAME (Ha), (Ha), Detection (Ha), (Ha), Detection
1986 2000 Ha % 2000 2016 Ha %

Built-up Area  2834.55 3111.12 276.57 3.39  3111.12 4410.72 1299.60 1594

Farm/ Vegetation 1979.28 2273.85 294.57 3.61 2273.85 18819 —-391.95 -4.81

Forest 3049.65 2563.38  —486.27 -596 2563.38 1276.56 -1286.82 -15.78
Open Space 184.59 105.3 =79.29 -0.97 105.3 433.35 328.05 4.02
Water Body 104.4 98.82 —-5.58 -0.07  98.82 149.94 51.12 0.63

Source: Stanley I. Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.

Table 7. Trend in land cover and land use changes from 1986 to 2000 and 2016.

YEAR 1986 2000 2016

Area % of Area % of % of
LCLU Class Taken Total Taken Total Arezl}ia;ken Total
(Ha) Area (Ha) Area Area
Built-up Area 2834.6 34.77 3111.12 38.16 4410.72 54.10
Farm/Vegetation 1979.3 24.28 2273.85 27.89 1881.9 23.08
Forest 3049.7 37.41 2563.38 31.44 1276.56 15.66
Open Space 184.59 2.26 105.3 1.29 433.35 5.32
Water Body 104.4 1.28 98.82 1.21 149.94 1.84
TOTAL 8152.47 100 8152.47 100 8152.47 100

Source: Stanley I. Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.
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Figure 7. (a) Trend of land cover and land use class by the total area occupied showing
the area in hectares used per year. Source: Stanley I. Echebima, Andrew A. Obafemi and
Benjamin C. Ndukwu. (b) Trend of land cover and land use class as a percentage of the
total study area indicating the percentage change per year of each land use class. Source:
Stanley I. Echebima, Andrew A. Obafemi and Benjamin C. Ndukwu.

6) Sand excavation on the banks of the river and physical structures is deplet-
ing the riparian lands, with its attendant consequences.

3. Conclusions

Within the period under study from 1986 to 2016, we can conclude as follows
that:

1) Adverse Land Cover and Land Use Changes have taken place in Owerri and
environs leading to a high rate of loss of combined thick and sparse vegetal cover
at 0.78% of the land cover per year, with the implication of changing the local
climate of the area.

2) Urbanization has increased with little or no spatial planning or controls at
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an alarming rate at 0.65% of the land mass per year, which will likely affect urban
life, waste management and the climate of the area.

3) Consequent upon item 2 above, Open spaces and water bodies marginally
increased respectively at 0.11% per year and 0.02% per year of the total land
mass due perhaps to opened-up forest/vegetal cover and sand harvesting at the
banks/beds of Otamiri River and Nworie River.

4) The riparian lands surrounding the two rivers (Otamiri and Nworie) have
suffered depletion due to encroachment.

5) At the rate of conversion of vegetal cover to built-up infrastructure, if it is
not arrested and proper urban re-planning with greening followed, the entire

vegetation in the area could be depleted in about 2 decades in 2039.

Recommendations

Based on the findings of the study, we make the following recommendations:

1) There is a need to urgently limit and control the high rate of deforestation
going on in Owerri and environs and embark on tree planting campaigns with-
out delay by all stakeholders.

2) Urbanization and other infrastructural developmental efforts should be ap-
proached by the government through proper urban spatial planning and con-
trols, sustainable land and natural resources use.

3) There is need to embark on water shed management of the Otamiri River
and Nworie River including proper management/control of sand mining and
conservation of the riparian lands in order to avoid erosion, ecological and hy-
drological disasters.

4) The authorities of the area should create an awareness programme for all
stakeholders on the issues at hand and the need to adopt sustainable use of nat-
ural resources, sustainable living habits and minimizing impact on the environ-
mental.

5) Future Work:

For the future work on this or similar study we recommend as follows:

a) There is a need to use tools like Markov Chain approach to model the
LCLUC transitions of Forests/Vegetal Cover into Built-Up space in the future
say in 2040.

b) Higher quality satellite imagery like IKONOS (which became commercially
available in the year 2000) that offers up to 4 m resolution should be used.
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