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ABSTRACT

The surface of the Earth is undergoing rapid land use and land cover changes due to various socioeconomic activities
and natural phenomena. Land use and land cover changes that occurred from 2000 to 2020 in Metu area were
monitored using remote sensing and geographic information system with field verifications. The objective of this
study is to understand the dynamics of land use and land cover and analyze change detection around Metu area over
a period of 21 years. Satellite images of landsat 7 ETM+ and LANDSAT 8 ETM+ were used. All images were classified
using object-based image classification technique. Accuracy assessments were conducted for each reference year. Four
LULC’s were successfully captured viz. Built up areas, water bodies, forests and croplands with overall accuracies for
2000 and 2020 image classification accuracy were 61% and 80.7% and kappa coefficient were 0.5 and 0.8
respectively. Change detection analysis was performed to compare the quantities of land cover class conversions
between time intervals. The results revealed both increase and decrease of the different LULC classes from 2000
through to 2020. Significant shifts from some classes to others were observed. The classification result revealed that
forest cover (45.71%) and cropland (43.19%) were dominant LULC types in 2000. In 2020, cropland (53.02%) was
the major LULC types followed by forest cover (28.36%); buildup area (15.78%) and water body (2.84%). The change
result shows that a significant conversions from one land cover category to another within the same period. There
were significant conversions from forest cover to crop land (40.5%), crop lands to build up area (17.6%). Drivers of
the observed changes may be due to natural phenomena and socio-economic activities. Consistent LULC mapping
should be carried out in order to quantify and characterize LULC changes. This will help establish trends and enable
resource managers to project realistic change scenarios helpful for natural resource management.
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The rapid growth and expansion of urban, rapid population
growth, scarcity of land, the need for more production, changing
technologies are among the many drivers of LULCC in the

INTRODUCTION

Land is a vital resource and the basis of the existence of mankind

and management of this resource including its conservation and
utilization is of crucial importance. Land cover refers to the
physical and biological cover over the surface of a land, while
land use is the human use of a land for different activities. Land
Use and Land Cover Change (LULCC) is the term used for the
human modification of the earth terrestrial surface as a result of
the different human activities [1]. LULC change is a major issue
of concern with regards to change in the global environment.

world today [2].

Many researchers argue that LULCC emerged as a major aspect
in the wider debate of global change and that change originates
from human-induced impacts on the environment and their
implications for climate change [3]. The indicators of these
changes can be clearly seen in the current major global concerns
such as increasing concentrations of Carbon Dioxide (CO,) in
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the atmosphere, loss of biological diversity, conversion and
fragmentation of natural vegetation areas and accelerated
emission of greenhouses gases. LULCC can potentially affect
regional and global, from local to global scales, land resources
play critical roles in human livelihoods, as well as in ecosystem
functioning and health [4].

Understanding the condition and changes through time of land
resources such as forests is important in addition to the other.
Accurate information on LULCC is critical for understanding
the causes of change and for developing effective policies and
strategies to slow and reverse land degradation [5]. Land use and
land cover change has direct implications to achieve the
sustainable development goals and to implement the actions
required to combat climate change [6]. Recognizing the causes of
LULCC requires understanding of three key issues: How people
make land-use decisions; how specific socio-environmental
factors interact to influence these decisions, and how farmers
perceived the changes; and finally, land use decisions are made
and influenced by socio-environmental factors across a wide
range of spatial scales, from household level decisions that
influence local land use practices, to policies and economic
forces that can alter land use regionally and even globally [7].
Ethiopia is experiencing huge LULC dynamics mainly from
natural vegetation to farming practices and human settlement.
The land cover dynamics is more severe in the highlands
because of higher population density and persistent agricultural
activities for millennia compared to lowlands. The speed and
scale of the change, irrespective of the efforts done by different
stakeholders on conservation actions, has been accelerated in
the last 2-3 decades of the 215 century [8]. As a result, the
shortage of arable land has led to expansion of cultivation into
deforestation and decline of grassland as a result of overgrazing,
charcoal burning and other unsustainable land uses [9].

According to Mekonnen, et al. in the period 1986-2016 in
Ethiopia, agriculture and settlement areas have increased by
250% and 618%, respectively [10]. On the other hand, forests
and woodlands have decreased by 72% and 84%, respectively.
Different causes have played roles in the dynamics of LULCC.
The results showed that vegetation dynamics vary both spatially
and temporally against precipitation and temperature. Similarly,
Kindu, et al. reported that in the landscape of Munessa-
Shashemene area of the Ethiopian highlands, LULC changes
have occurred in the last four decades. The result revealed that
grasslands (42.3%), natural forests (21%), and woodlands
(11.4%) were dominant LULC types in 1973. The change result
shows that a rapid reduction in woodland cover of 81.8%,
52.3%, and 36.1% occurred between the first (1973-1986),
second (1986-2000), and third (2000-2012) study periods,
respectively. Similarly, natural forests cover decreased by 26.1%
during the first, 21.1% during the second and 24.4% during the
third periods. Grasslands also declined by 11.9, 17.5, and 21.1%
during the three periods, respectively. On the contrary,
croplands increased in all three periods by 131, 31.5, and 22.7%,
respectively. The main aim of this study is to identify the range
of land use/land cover that contributes to the variation of
different land-use classifications of Metu district; furthermore,
this study uses as a reference for environmental experts around
the area.
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Objectives
General objective

¢ To examine the current land use land cover of Metu district,
south western Ethiopia by using GIS and remote sensing.

Specific objective

* To understand the dynamics of land use and land cover
changes at Metu district, south western Ethiopia over the
period of 2000-2020

* To analyze change detection at Metu district, south western
Ethiopia over the period of 2000-2020.

MATERIALS AND METHODS

Study area

The research was conducted in Metu district in Ilu Abba Boor
Zone, Oromia region of south western Ethiopia, which is
located at an altitude of 1540 meter above sea level and at
latitude of 8°17'46.13"N and 35°34'55.92"E longitude in
Ethiopia. The study area is located at about 600 kilometers away
from Addis Ababa, capital city of Ethiopia. Metu has a relatively
cool tropical monsoon climate under the Koéppen climate
classification. It features a long annual wet season from April to
October. Temperatures also a comfortable range, with the daily
mean staying between 20°C and 25°C year-round.
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Figure 1: Map of the study area.

Data collection and analysis

Two types of data were used in this research. Landsat 7 imagery
(Year 2000) and landsat 8 imagery (Year 2020) were
downloaded free of charge from the United States Geological
(USGS) wia http://earthexplorer.usgs.gov/. Two
acquisition years were acquired for the months of March-June.

Survey

Selection of appropriate image acquisition dates is a
precondition for clear identification of the LULC types from
satellite imageries [11]. As such, in this study, image acquisition
dates were selected based on availability of cloud free images in
the months of the dry season. The ground truth data was in the
form of reference points collected using Google earth for both
year images analysis, used for overall accuracy assessment of the
classification results. It was used to prepare the current land
use/cover map of the study area through ERDAS imagine 2015
image processing software and Microsoft excel also used for
change detection.
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Pre-processing of satellite image

Digital image processing allows enhancing image features of
interest while attenuating detail irrelevant to a given application
and then extracting useful information about the scene from the
enhanced image. Preprocessing of satellite images before
detection of changes is a very vital procedure and has a unique
aim of building a more direct association between the
biophysical phenomena on the ground and the acquired data
[12]. Data were preprocessed in ERDAS imagine 2015 was used
to calibrate the layer stacking, resolution merge (Landsat 8
imagery), mosaicking and sub-setting of the image on the basis
of Area of Interest (AOI).

Land use/cover classification and land use classes/
definitions

For this study, only supervised classification was performed.
“
the

user develops the spectral signatures of known categories, such

Supervised classification according to Eastman is where

as Buildup area, forest etc. and then the software assigns each
pixel in the image to the cover type to which its signature is most
comparable” [13]. Supervised classification is the process most
frequently used for quantitative analyses of remote sensing
image data. The supervised classification was applied after
defined Area of Interest (AOI) which is called training classes.
More than one training area was used to represent a particular
class. The basic sequence operations followed on supervised
classification were;

Defining of training sites: The first step in undertaking a
supervised classification is to define the areas that will be used
as training sites for each land cover class. Training fields to be
taken from maps and superimposed over the image data. The
created features are called Area of Interest (AOI). The selection
of the training sites was based on those areas clearly identified in
all sources of images.

Table 1: Description of the land use/land cover classes.
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Extraction of signatures: After the training site (AOI) being
digitized, the next step was to create statistical characterizations
of information. These are called signatures editors in ERDAS
imagine 2015. In this step, the goal was to create a signal (SIG)
file for every informational class. The SIG files contain a variety
of information about the land cover classes described. After the
entire signature had been created then the SIG file saved as
dialog. For each of the predetermined LULC type, training
samples selected by delineating polygons around
representative sites. Spectral signatures for the respective LULC
types derived from the satellite imagery were recorded by using

the pixels enclosed by these polygons. The number of training

were

sites varied from one LULC class to another depending on ease
of identification and the level of variability.

Supervised classification of the image: The supervised
classification has been applied after defined training classes.
One or more than one training area was used to represent a
particular class. During the supervised classification process, the
entire signature editor was selected in order to be used on the
classification process. Image classifications was performed using
signatures developed from 100 training sample points collected
for each of the identified land cover classes which is enough
regarding the extent of the area. This study used the ERDAS
image supervised classification maximum likelihood method to
identify land cover using multispectral satellite data, which is
one of the most popular and widely used types of image
classification techniques. This was done on the basis of

reflectance characteristics of the different LULC types [14].

From visual and digital interpretations of the satellite imagery,
different LULC categories were distinguished, so that it will be
possible to investigate changes that occurred. Based on the
2000/2020 satellite imagery, the land cover classes analyzed for
changes were: Buildup area, water body, forest cover and crop

land (Table 1).

Land cover

General description

Buildup area

Included in this category are cities, towns’ villages, transportation, power
and communications and utilities, and areas such as those occupied by
shopping centers, industrial and commercial complexes, and institutions
that isolated from urban areas.

Water body

Area occupied by major rivers of perennial or intermittent, lakes, ponds,
stream, canal and reservoirs

Forest cover

A land spanning at least 0.5 ha covered by trees, attaining a height of at
least 2 m and a canopy cover of at least 20% or trees with the potential
to reach these thresholds. Deciduous forest, evergreen forest land and
mixed forest land are included.

Crop land

Arable and fallow land that grow annual crops (wheat, maize, sorghum,
‘teff’, cotton, horticultural crops etc.) or perennial crops (sugar cane,
‘enset’, coffee and permanent fruit trees) on the small scale or
commercial level. Areas of land prepared for growing crops. Generally,
this category includes areas currently under crop, fallow and land under
preparation.
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Accuracy assessment and change detection

If the classification data are to be useful in detection of change
analysis, it is essential to perform accuracy assessment for
individual classification. Accuracy assessment is an essential and
crucial part of studying image classification and thus LULCC
detection in order to understand and estimate the changes
accurately. The classified output by comparing the true identity
of land cover derived from reference data (observed) ws. the
classified (predicted) for a random sample of pixels. It is
important to be able to derive accuracy for individual
classification if the resulting data are to be useful in change
detection analysis [15]. All accuracy assessments include three
fundamental steps: Designing the accuracy assessment sample,
collecting data for each sample and analyzing the results.

First, the accuracy assessment sampling procedures are designed,
and the sample areas on the map are selected. Second,
information is collected from both the map and the reference
data for each sample site. Accuracy assessment was done using
the remaining 100 sample points which were not used for
signature development. After collected reference data, it is
represented through an error matrix. Error matrix are very
effective representations of map accuracy because the individual
accuracies of each map category are plainly described along with
both the errors of inclusion (commission errors) and errors of
exclusion (omission errors) present in the map. Confusion
matrix was retrieved and producers and users accuracies and
Kappa statistic were calculated from the error matrix. Proper use
of the error matrix includes correctly sampling the map and
rigorously analyzing the matrix results.

Change-detection analysis provides information about the
changes in different seasons or dates. The information is
extracted by comparing two or more images of an area that were
acquired at different times. Change analysis was conducted
using post-classification change detection technique following
the classification of the imageries. Change statistics were
computed by comparing image values of one dataset with the
corresponding value of the second data set in each period.

The basic sequence operations followed on change-detection
analysis were:

* Add classified satellite images: The first step in undertaking a
change-detection is to add both classified images (2000 and
2020 images).

* Convert raster image to polygon types: The next step was to
created polygon types of data by using conversion tools in
ArcToolbox.

* Merge several features into single feature to classes using dissolve
tools.

* Add new two fields such as class and area name (done the same
producer for other image).

* Now create changes between years using intersect of geo-
processing tools.

* Open attribute under intersect and add new two fields
such as change (Field calculate) and area change (calculate
geometry).

* Now I got features that were one class in the former years
but changes to another class in the later (Figure 2).
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Figure 2: A flowchart that shows the general approach of the
paper.

RESULTS AND DISCUSSION

Classification of satellites image

Classification of remotely sensed data is used to assign
corresponding levels with respect to groups with homogeneous
characteristics. Classification was executed on the base of
spectral or spectrally defined features, such as density, texture
etc. in the feature space. It can be said that classification divides
the feature space into several classes based on a decision rule.
The study area was defined to have four land uses and land
cover categories such as buildup area, water body, forest cover
and crop land. The overall land use land cover classification for
2000 (Figure 3) and 2020 (Figure 4) image classification accuracy
were 82% and 90% and kappa coefficient were 0.79 and 0.83
respectively. The overall accuracy of the study area was fit with
the standard and the Kappa coefficient of classified land and the
overall accuracy standard of our LULC are acceptable.

According to Anderson, the recommended standard of accuracy
in the identification of LULC change mapping from the remote
sensing data should be 80 to 90% [16]. The Kappa coefficient
was also used to assess the classification accuracy. A Kappa
coefficient is between 0.61-0.80 (Substantial) and 0.81-1 almost
perfect agreement where as a value close to zero means that the
agreement is no better than would be expected by chance. It
expresses the proportionate reduction in error generated by a
classification process compared with the error of a completely
random classification [17].
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Figure 3: Land use land cover classification map of Metu area

for a year of 2000.
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Figure 4: Land use land cover classification map of Metu area

for a year 2020.

OPEN a ACCESS Freely available online

Land use land cover dynamics between 2000 and
2020

Over twenty years (2000-2020), the gross changes in area coverage
varied from one LULC class to another LULC class. Built up
areas and croplands are the most increased and forest and water
bodies undergoing the most decreased in area coverage (Figure 4).
The result of this study showed that built up and croplands
increased from 44.6 km? (4.77%) and 404 km? (43.19%) in 2000
to 218.3 km? (15.78%) and 733.17 km? (53.02%) respectively in
2020. Forest cover and water body decreased during this period,
forests decreasing from 427.59 km? (45.71%) in to 392.18 km?
(28.36%) coverage in 2000 and 2020 respectively. Similarly, water
body also decreased from 59.2 km? (6.33%) into 39.32 km?
(2.84%) coverage in 2000 and 2020 respectively (Table 2).

Table 2: Results of LULC changes from 2000 and 2020 time periods showing area changed for each class in kilometer square and

percentage LULC changes.

LULC type Year-2000 Year-2020

Area (km?) % Area Area (km?) % Area
Build up area 44.6 4.77 218.3 15.78
Water body 59.2 6.33 39.32 2.84
Forest cover 42159 45.71 392.18 28.36
Crop land 404 43.19 733.17 53.02

These changes took place at the expense of other LULC classes as
seen in the change detection matrices. LULC changes are complex
and at the same time interrelated such that the expansion of one
LULC type occurs at the expense of other LULC classes [18]. In
their study in Dembecha area, northwestern Ethiopia, found out
that the expansion of cultivated land took place at the expense of
forest land between 1957 and 1982 [19]. Similarly, other
researches have revealed that the expansion of agricultural land
has been at the expense of lands with natural vegetation cover [20].
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Area (km2) % Area Area (km2) % Area
Year-2000 Year-2020
Build up Area 44.6 4.77 218.3 15.78
m Water body 59.2 6.33 39.32 2.84
® Forest Cover 427.59 45.71 392.18 28.36
Crop Land 404 43.19 73317 53.02
Figure 5: Km? and percentage change in land use land cover categories
from 2000-2020.
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Land use land cover change detection for the years
2000 and 2020

Change detection between 2000 and 2020: 53.02%, 28.36%,
15.78% and 2.84% of land under crop land, forest cover, built-
up area and water body, respectively in 2020. However, there
were also significant conversions from one land cover category
to another land cover categories. There were significant
conversions from forest cover to crop land (40.5%) and to build
up area (3.3%). Some area under water body was converted to
forest area (2.9%) and crop land (1%). Crop lands also
converted to build up area by 17.6% (Figure 5).
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Figure 6: Land use and land cover change categories from the

years 2000 and 2020.

In general, the area of natural forests and water bodies
consistently decreased with varied proportions over the study
periods. The reductions of these LULC types were mainly
attributed to the conversion of the areas to croplands and
expansion of urbanization. This is due to the rapid growth and
expansion of urban, rapid population growth as a result; the
shortage of arable land has led to expansion of cultivation into
deforestation, charcoal burning and the need for more
production. This indicates population playing a major role in
these aspects.

CONCLUSION

Land use and land cover estimates are among the most essential
information in any land management practice. Land use and
land cover change is a major issue of concern with regards to
change in the global environment. The rapid growth and
expansion of urban, rapid population growth, scarcity of land,
the need for more production, changing technologies are among
the many drivers of LULCC in the world today. In this work, it
was proven that the supervised classification of multi-temporal
satellite images is an effective tool to quantify current land use as
well as to detect changes in a changing environment. Landsat 7
and 8 satellite images of 2000 and 2020 were used for the GIS

and RS image analysis.

The observed changes varied from one LULC category to
another category over analysis periods. In the study area,
significant conversion from forests to crop land and build up
area. Similarly, water body was converted to forest area and crop
land. Crop lands also converted to build up area. The analyses
also showed that forest cover declined from 427.59 km?
(45.71%) to 392.18 km? (28.36%) while crop land increased
from 404 km? (43.19%) to 733.17 km? (53.01%) in 2000 and
2020 respectively.

This study advocates that multi-temporal satellite data is very
useful to detect the changes in land use and land cover
comprehensively. Land use and land cover changes have wide
range of consequences at all spatial and temporal scales. The
study reveals that the LULC pattern and its spatial distribution
are the major rudiments for the foundation of a successful land-
use strategy required for the appropriate development of any
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study area. This research is important to inform policy makers
on the status and change of land use land cover for further
planning and intervention.
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