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Abstract

The importance of accurate and timely information describing the nature and
extent of land resources and changes over time is increasing, especially in
fast-growing urban areas. We have developed a methodology to detect
changes in land cover using satellite images for the years 1997, 2002, 2012 and
2017. The categories of five-class classification in the study area were built up
area, plantation, waterbody, agricultural land and pastureland. The maps
showed that between 1997 and 2017, the amount of urban or developed land
increased from 8.12% to 52.4% of the total area, while agriculture land, plan-
tation, waterbody and pastureland decreased from the 91.88% to 47.6% from
the entire study area. The results showed that the urban (highly built-up) area
increased dramatically. Inversely, pastureland, agricultural land, waterbody,
and plantation decreased obviously from the period of 1997 to 2017. The re-
mote sensing and GIS technique used in this study proved to be efficient; the
time was shortened for the analysis of the city extension; and it was discovered
that it was a useful tool to evaluate the effects of urbanization on the basis of the
satellite image of the given years. The results quantify land use, coverage change
patterns in Debre Tabor Town and demonstrate the potential of remote sensing,
and GIS tools provide an accurate and cost-effective means to track land cover
changes along time that can be used as management decisions and guidelines.
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1. Introduction

The Earth’s surface has undergone changes and modifications throughout its

history and existence on different scales of space and time, some in short periods
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and others for many years; some reversible and others irreversible [1]. The mag-
nitude, pace and the spatial extent of direct and indirect changes in the earth’s
surface in recent decade according to [2] are unprecedented [2]. They also pos-
tulate that land use and land cover change are the effectors and key outcomes of
man-made changes in the Earth’s surface. Moreover, when globally aggregated,
both changes are so insidious that they significantly affect the essential aspects of
Earth system functioning. Land cover refers to visible land use evidence that has
both vegetative and non-vegetative characteristics, while land use can be defined
as altering and managing the natural environment such as arable land, grassland,
pastures and managed forests with their functional roles in the respective
catchment areas [3]. Land cover is easy to spot in the area, as land use is usually
deducted from land cover and both of them are closely related because they are
used together in the mapping to avoid ambiguity of the study area [4].

Urban growth, especially the relocation of residential and commercial land to
rural areas on the periphery of metropolitan areas, has long been considered a
sign of regional economic power. However, their benefits are increasingly being
offset by the impact of ecosystems, including the degradation of air and water
quality and the loss of arable land and forests and the socio-economic impact of
economic disparities and social fragmentation and infrastructure costs, and
identify the outflow of urban growth with SWAT models [5] [6] [7]. Land
changes, commonly referred to as urban expansion, coupled with the rapid ex-
pansion of sparsely populated suburbs in formerly rural areas and the creation of
exurbs, urban or suburban areas buffered by underdeveloped countries, have
implications for the key aspects of the Earth system. Land cover refers to visible
evidence of land use that has both vegetative and non-vegetative characteristics,
while land use can be defined as human land use, usually with a focus on land
use [3]. The pattern of land use and land cover of a region is widely considered
the result of natural and socioeconomic factors and their use by humans in time
and space [8] [9]. Substantial data on the surface of the earth is required for ef-
fective monitoring and analysis of changes in land use/land cover. Previously,
such information on land use and cover change was generated around the world
primarily by conventional land recognition methods, which not only required a
lot of time, cost and effort, but was also a little practical to monitor dynamic
changes in shorter time periods [10] [11]. Recent advances in geographic infor-
mation system (GIS) and remote sensing (RS) instruments and techniques en-
able researchers to effectively model urban growth. Satellite Remote Sensing
images provide excellent data sources from which efficient information about
land use and land cover can be efficiently extracted, analyzed and simulated.
Satellite remote sensing, for example, as shown in the works of [12] [13] [14],
has the potential to provide accurate and timely geodata describing changes in
land use/land cover of agglomerations. Urban expansion has increased the ex-
ploitation of natural resources and changed the use of land and land cover pat-
terns [15]. For example, they have linked regional economic vitality with urban

growth or expansion, especially with the movement from private and commer-
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cial use of land to rural areas in the periphery of major cities. Substantial data on
the surface of the earth is required for effective monitoring and analysis of
changes in land use/land cover. So far, all over the world, such information on
land use/cover change has been generated mainly by conventional methods of
soil removal, which not only took a long time, were expensive and lengthy and
required a lot of work, but also was a little practical to accommodate dynamic
changes in land use to monitor for shorter periods of time [10]. Recent advances
in geographic information system (GIS) and remote sensing (RS) instruments
and techniques enable researchers to effectively model urban growth. Remote
Sensing satellite images provide excellent data sources from which efficient in-
formation on land use and land cover can be efficiently extracted, analyzed and
simulated. Satellite remote sensing, for example, as shown in the works of [12]
[13] [14] has the potential of providing accurate and timely geospatial informa-
tion that describe changes in land use/land cover of metropolitan areas.

Land use data are needed to analyze environmental processes and problems
that need to be understood in order to improve or maintain living conditions
and standards at the current level. The present study describes the various
changes in the categories land use/land cover and study area. The present study
was conducted to understand changes in land/soil utilization in Debre Tabor
City, South Gondar, Ethiopia.

This area is known for its extensive urbanization process, which has led to
chaotic growth in the city, worsened living conditions, and worsened the envi-
ronmental scenario that has deleterious effects on human health. Therefore, it is
necessary to determine the rate and trend of land use in order to design a ra-
tional land use policy. The aim of the study was a study/comparative analysis of
the change in land use of the city of Debre Tabor with RS and GIS tools.

2. Materials and Methods
2.1. Study Area Description

The selected study area is found in the South Gonder Administrative Zone of
Ambhara National Regional State, North Central Ethiopia, about 100 kilometers
southeast of Gondar and 50 kilometers east of Lake Tana. The surface area of
Debre Tabor city is about 31.87 km®. The study area extends between 11.83°N to
11.87°N latitude and 37.98°E to 38.03°E longitude in Figure 1. Topographically,
the city is characterized by undulating terrain with significant elevation varia-
tion. The southern and southwestern parts of the town are more of higher
ground including Mount tabor.

The climate of Debre Tabor is based on its altitude which ranges between 2447
m and 2838 m is Dega. Climatically, the study area enjoys moderate temperate
climatic conditions. The mean annual rainfall is 1553.7 mm. The maximum

rainfall occurs in July or August.

2.2. Sources Data and Analysis Methods

Source for land use and land cover dynamics was freely downloaded Landsat
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Figure 1. Location of study area of Debre Tabor town.

imagery from http://earthexplore.usgs.gov/. The detail of satellite data are pre-
sented in Table 1. The imagery was processed using ArcGIS10.3 and ERDAS
IMAGE14 software. The various steps developed and used to analyse, quantify

and interpret the map are presented in Figure 2. Area of interests (AOIs) were
selected and collected as training areas for unsupervised classification of the
pre-defined land cover types (LCTs). Pixels were clustered into the categories of
Built-up area, Plantation, Water body, Agricultural land and Pasture land in Ta-
ble 2. Variable numbers of AOIs were used to classify the images of the four
dates (1997, 2002, 2012 and 2017) (Table 1).

3. Change Detection Analysis

Change detection analyses describes and quantify differences between images of
the same scene at different times.

The classified images of the four dates can be used to calculate the area of dif-
ferent land cover and observe the changes that are taking place in the span of
data. This analysis is very much helpful to identify various changes occurring in
different classes of land use like increase in urban built-up area or decrease in

vegetation and so on.

4. Result and Discussion

4.1. Land Use Land Cover Changes Dynamics

The change in land use/land cover in general and land cover in particular would

have direct or indirect impacts on the extent of urban growth. The extension of
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Table 1. Satellite images used.

Resolution (m)

Sensor  Path Row Source

s. no. Image
1. Landsat 8
24 Landsat 7
3. Landsat 7
4. Landsat 7

30 x 30 ™ 169 52 http://earthexplore.usgs.gov/
30 x 30 ™ 169 52 http://earthexplore.usgs.gov/
30 x 30 ™ 169 52 http://earthexplore.usgs.gov/
30 x 30 ™ 169 52 http://earthexplore.usgs.gov/

Table 2. Details of land cover categories.

Land cover types

Description

Built-up area

Plantation

Water body

Agricultural land

Pasture land

This category comprises all the manmade infrastructures like buildings,
roads and concretized area

This category comprised of planted junipers, eucalyptus trees, Acacia
and natural forest or areas covered by trees planted around homesteads
and some public institution areas.

Manmade wells and ponds

Agricultural fields

Land under permanent pasture and grassland and it is owned either
grazing areas or also those owned by various institutions. This includes
grasslands, playground with grass covered, and garden

[ Data Acquirement ]

|

I
| | !

[ Landsat 1997 J [Landsat 2002 } [Landsat 2012:||: Landsat 2017 }

A 4 A A

v
[ Layer stacking ]

[ Subset of tvhe study area ]
K 7

[ LULC Classification ]
T

LULC Image LULC Image LULC Image LULC Image
year 1997 year 2002 year 2012 year 2017
1 7
Change Detection
e {
LULC Change b/n || LULC Change b/n LULC Change b/n LULC Change b/n
1997 to 2002 2002 to 2012 2012 to 2017 1997 to 2017
! )
Analysis of LULC Change
dynamics

Figure 2. Illustrate the methodology adopted for land use classification and land use
change detection.

the area of land use/changes in land cover from 1997 to 2017 for the city of De-
bre Tabor presented in Table 3 and Figure 3(a) & Figure 3(b) and Figure 4.

The land use/land cover statistics were calculated and summarized to detect
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Table 3. Area coverage of each LCT from 1997-2017.

1997 2002 2012 2017
LCT
A(km?) A%) Akm?) A%) A(km?) A%) A (km? A (%)
Built-up area 2.60 8.16 5.86 18.39 7.94 24.90 16.7032  52.41
Plantation 8.40 26.36 2.62 8.22 4.08 12.80 4.7892 15.03
water body 0.00 0.00 0.48 1.51 0.40 1.26 0 0.00
Agricultural
land 15.60 48.95 19.88 62.38 18.22 57.18 9.5993 30.12
Pasture land 5.27 16.53 3.03 9.51 1.24 3.89 0.78 2.45
Total 31.87 100 31.87 100 31.88 100 100

Land use land cover 1997 Land use land cover 2002 N

J

‘ - Builtup Area

0 05 1 2km I Builtup Area 0 05 1 2Km | Plantafion
(1 O R O i .

I Plantation (I T 1 | |

Waterbod
[ ] Agricultural Land :l A;::u(l)tu);al Latid
Pastureland
= [0 Pastureland
(a)

Land use land cover 2017

Land use land cover 2012

SR8

" Land Use

- Builtup Area
0 05 1 2Km - Plantation 0 05 1 2Km - Builtup Area
EEEEECES B ateroody et [ Piantation
|:] Agricultural Land! [:[ Agricultural Land
- Pastureland - Pastureland
(®)

Figure 3. (a) Land covers maps of Debre Tabor town in 1997 and 2002; (b) Land covers
maps of Debre Tabor town in 2012 and 2017.
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the nature of the main changes that occurred between 1997 and 2017 shown in
Table 4. There was a significant increase in the percentage of built area from
1997 to 2017. The result indicates that the agricultural land was lost its extension
of coverage area from 1997 to 2017. This reveals agricultural land for residential
purpose. The rate of increase of the urbanized area was very high in 20 years. In
2017, the constructed area was approximately 16.7 km®. The construction covers
around 52.4% of the total study area.

Almost all the components of land cover have changed (gains or losses) ac-
cording to the time in the last 20 years. As indicated in Figure 5, all land cover

70 4
60 -
50 A

40 |
1997
30 -
2002
20 4

2012

Avreal coverage in(%)

10
m 2017

Built-up area  Plantation ~ Water body Agricultural Pasture land
land

Land cover types

Figure 4. Status on land covers classification in 1997, 2002, 2012 and 2017.

20 -

1997 - 2002
15 4

m2002 - 2012

=
o

2012 - 2017

1997 - 2017

Area in (km2)
o

o

Plantation

Water body

Built- up area

-10 -

Figure 5. Area increase and decrease in LULC between 1997 and 2017.

Table 4. Summary statistics of land use/land cover from 1997 to 2017.

1997 2002 2012 2017 1997-2002 2002-2012 2012-2017 1997-2017

LCT
A (km?) A (km?) A (km?) A(km?) A (km?) A(km? A (km?» A (km?
Built up area  2.60 5.86 7.94 16.70 3.26 2.08 8.77 14.10
Plantation 8.40 2.62 4.08 4.79 -5.78 1.46 0.71 -3.61
Water body  0.00 0.48 0.40 0.00 0.48 -0.08 -0.40 0.00
Agricultural
15.60 19.88 18.22 9.60 4.28 -1.66 -8.63 -6.00
land
Pastureland  5.27 3.03 1.24 0.78 -2.24 -1.79 -0.46 -4.49
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classes have been described in terms of gains and losses. The tendency of chang-
ing the land use and land cover from the 1997 to the 2017 were already stated in
the form of tabulated and charts as indicated Figure 5 and Table 4. The con-
structed area increases by 14.1 km? while agricultural land decreased by 8.63
km? over a period of 20 years (1997-2017). To know the increment and decre-
ment of the land use land cover in the particular area was determined by using

the output of GIS map classification from the period of 1997 to 2017.

4.2. Cause of Land Use and Land Cover Change Dynamics

The effect of land use change and impacts were described in Figure 4 and Table
4. Although the times of occurrence of the event are variable, several human and
natural factors are the main cause of the land cover land-use dynamics [16]. Al-
though the impact of population growth on the dynamics of land cover is con-
troversial, in other parts of many literatures the rapid growth rate of the popula-
tion is one of the main causes of population change. According to [17], Rather
than negatively impacting the study, he concluded that rapid population growth
plays a positive role in the availability of resources. On the contrary, especially in
the highlands of Ethiopia, where population pressure is strong, this has led to
erosion and degradation of resources [18]. In other parts of many parts of the
Ethiopian highlands, the pressures associated with populations have had a nega-
tive impact on woodland, pasture, barren soils, riparian vegetation and farmland
[19]. This also applies to the city of Debre Tabor, where rapid population growth
has resulted in land scarcity, forest cover eradication, soil erosion and land degra-
dation. However, the local community was motivated to practice the afforestation
and, consequently, the slow increase in forest cover in urban areas. In addition, the
scarcity of land resources forced them to grow agricultural land and pastures.
Therefore, resource become more vulnerable for further erosion and degrada-

tion consequently shifted to other land use land cover class.

4.3. Implication of Land Use and Land Cover Change Dynamics

The change in land use and the type of land cover need not necessarily lead to
soil degradation and erosion. However, as land-use change rapidly spreads and
expands rapidly into agricultural areas, pastures and arid areas, fertile soil is
more susceptible to massive erosion and degradation, especially for land without
dense forest [20] [21]. According to the classified picture of the change found in
different land use classes between 1997 and 2017, it was stated that agricultural
land, pastures, water bodies and land plantations were transferred to the urban-
ized area. This suggests that the ways in which land use and land cover classes
change over time accelerate erosion and degradation and their associated con-

sequences.

5. Conclusion

The rapid expansion of urban areas due to population growth and economic
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growth increases the demand for natural resources and causes changes in land
use, especially in urban cities. Therefore, the serious problems associated with
rapid development such as additional infrastructure, informal settlements, pol-
lution, destruction of ecological structure and lack of natural resources have
been carefully studied with remote sensing and GIS technologies for a
fast-growing urban town. This document assesses land use/land cover changes
(LULC) in the city of Debre Tabor. The biggest impacts of rapid urbanization
and population growth on land cover are changes requiring immediate atten-
tion. The categories used for the classification of land use and the change of land
cover in the city of Tabor would be built areas, plantations, water bodies, agri-
cultural land and pastures. The results indicate that the city is expanding to-
wards urban expansions. The built area of Debre Tabor, a general increase from
1997 to 2017 would be 14.1 Km? planting—3.6 Km?, and body of water—0.0
Km?, agricultural land—6 Km® and pasture—4.49 Km”. The total area of bodies
of water has been reduced to 0.0% in a period of twenty years. The increase in
the constructed area of the study area would be greater than in the other catego-
ries of the city and comprises approximately 52.4% of the total area of the period
from 1997 to 2017.
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