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Abstract: This study analyzed more than 50 years of land cover and land use changes in the
260 km? Koga catchment in North Western Ethiopia. The data used includes 1:50,000 scale
aerial photographs, Landsat MSS, TM and ETM images, and ASTER images together with
ground truth data collected through field surveys and community elders’ interviews. Aerial
photographs have high spatial resolution but provide lower spectral resolution than satellite
data. While most land use/cover change studies compare changes from different spatial
scales, this study applied land use/cover classification techniques to bring the data to a
relatively similar scale. The data revealed that woody vegetation decreased from 5,576 ha to
3,012 ha from the 1950s to 2010. Most of the deforestation took place between the 1970s and
1980s, but there is an increasing trend since then. No significant changes were observed in
the area used for agriculture that comprises the pastures and crop fields since the 1950s,
while there is an enormous increase in the area used for settlement, due to a tremendous
increase in population from one point in time to another. The bare lands that used to exist in
previous years were found to be totally covered with other land cover/use classes and no bare
lands were observed in the study area in the year 2010. Population pressure and land use
policies were found to be reasons for the changes in land use/cover while soil degradation,
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decrease in the indigenous woody vegetation and erosion were the observed consequences of
the land use/cover changes.

Key words: land use/land cover change; image fusion; and environmental change

1. Introduction

Land use change trends in many developing countries are both extremely rapid and the direction of
changes and rates are in flux [1]. Land use/cover changes are the primary source of soil degradation [2,3];
and by altering ecosystem services, affect the ability of biological systems to support human
needs [2,4-6]. Before remedial policies and programs can be effective, it is useful to understand in what
way land use has changed and what are the principal causes [1,7,8].

Africa is said to have the fastest rate of deforestation in the world as a result of overdependence on
primary resources [9]. Climate changes and rapid population growth cause increasing pressure on the
East African highlands. The results of the pressure are manifold: intensified agriculture, decreasing
amount of forest land, loss of biodiversity, intensified land degradation and soil erosion [10].
Deforestation rates in East Africa, including Ethiopia, were the second highest in Africa: 0.94% for
1990-2000 and 0.97% for 2000—2005 [11]. A study conducted in North Western Ethiopia indicated 99%
clearing of the forest cover of the 1950s until the year 1995 [12]. The population of Ethiopia, which is
currently 79 million people, increases by almost two million annually under highly unfavorable
economic and environmental conditions [11]. Population pressures in Ethiopia have decreased the size
of holdings, including both arable and pasture lands, leading to conversion of forested and marginal
areas into agricultural lands [13]. Farm sizes in Ethiopia have been declining over time, and roughly a
quarter of the agricultural households are virtually landless, controlling less than 0.1 ha per capita [14].
Awulachew et al. [15] also indicated high population pressure induced deforestation, overgrazing, land
degradation and declining agricultural productivity in the upstream part of the Blue Nile basin.

The combination of increased interest in environmental changes over large areas and improved data
and interpretation methodologies is leading to an increasing number of studies and projects using land
use change analysis [1]. Satellite data, appropriately calibrated and validated with ground data, provide
spatial information on the distribution of land cover types and changes over time [4,16]. Whereas such
information could previously only be obtained over small areas from ground surveys or aerial
photographs, satellite data extend the coverage over larger areas at more frequent time intervals [17,18].
On the other hand, historical aerial photographs have much longer temporal history than satellite images,
and are an important source of data for long term land cover change analysis [19]. In addition, aerial
photographs have generally higher spatial resolution and therefore offer the possibility of providing
more detailed local and regional vegetation information for landscape ecological assessments [20].

Remotely sensed data need to be supported and validated with ground truth data that is achieved
through either field surveys or documented data. Interviews with the local people can be an additional
option when either of the two previous ways is not possible. Conducting group or key informant
interviews is one way of gathering information on the past land use changes and the root causes. Critical
information may be obtained from interviews with local people from mainly community elders
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concerning their impressions of the patterns of land use change that have occurred, and the reasons
behind those changes [1].

One of the challenges of land use/cover research is to maintain continuous time series of data to
generate uninterrupted time series for analysis. This need is and will continue to be impeded by the
malfunction of Landsat 7 since 2003, given that the Landsat system, with its spatiotemporal resolution
(900 square meters, every 16 days) and relatively low costs, has been the “workhorse” data base for so
much of the land cover classification [6]. The other challenge is when remotely sensed data come from
different sensors MSS with TM, different pixel size affects the classification as a given land cover is not
seen in the same way at different pixel sizes. The classifications differ because some elements are not
detected in the coarser resolution images, which do appear in the finer resolution images [21]. Similarly,
spectral reflectance properties of natural surfaces at a given moment often prevents consistent
identification and mapping of a large range of cover classes such as agricultural crops or detailed natural
vegetation communities [21], which is another challenge to the remotely sensed image using community.

The purpose of this paper is to quantify the land use/cover changes that have happened over the past
50 years on the Koga catchment, to identify the drivers of the land use/cover changes and assess
implications of the changes by the environment.

2. Materials and Methods
2.1. The Study Area
2.1.1. Location, Climate and Topography

The selected study area is the Koga catchment in northwestern Ethiopia, which is a typical catchment
for the Ethiopian Highlands. The Koga catchment is situated in the North Western Ethiopian Highlands
between latitudes of 119.7"' and 11<30'N and Longitudes of 37 02" and 37 <18'E. The catchment area is
260 km?; 72% of which is used for subsistence agriculture. The Koga River originates in the Wezem
mountain area and is a tributary of the Gilgel Abbay, which flows northwest in to Lake Tana, and lies in
the upper part of the Blue Nile (Abbay) watershed.

The climate of Koga catchment falls within the Woina Dega (cool semi-humid, 1,500 to 2,400 masl)
and Dega zones (cool, above 2,400 masl). The majority of the catchment area lies within the Woina
Dega zone and is characterized by distinct dry and wet seasons. The dry seasons occur between
November and April and the Wet season between May and October; small rains occur sporadically
during April and May. The mean daily temperature is 18.25 <C. The monthly mean maximum
temperature varies from 30.0 <C in March to 23.7 <C in August. The monthly mean minimum
temperature varies from 5.4 <C in December to 13.1 <C in May and June.

Figure 1 shows the air temperature and precipitation of the Bahirdar station located 35 km northeast
of the catchment. Apparent is high July and low January precipitation. It also appears that air
temperature has increased through years.
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Figure 1. Mean maximum temperature (in <C) and rainfall (in mm/month) for the years
1961-2009 at Bahirdar Station.
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The land elevation of the Koga catchment varies from 1,875 masl at the mouth of the Koga River to
3,215 masl at its highest point on the watershed divide. The Koga River rises in the hills north of the
Wezem Mountains and flows a distance of some 49 km to where it joins the Gilgel Abbay, which
eventually flows in to Lake Tana. The total catchment area from source to mouth is 260 km? and the
course of the main river is northerly up to the village of Rim then westerly to Wetet Abbay. The
catchment is generally elongated with a pronounced narrowing above Rim where the mean width of the
basin is only 3.8 km.

2.1.2. Geology and Soils

The regional geology of the Koga catchment comprises extensive flow type, volcanic (extrusive)
rocks of the Ashangi Group; these were deposited during the palaeocene-Oligocene-Miocene (Teritiary)
stages of geological time. The Ashangi group comprises the older volcanic rocks, which were formed by
lava and debris, ejected from fissural volcanic eruptions. It covers over 50 percent of the Koga river sub
basin and consists predominantly of alkaline basalts with interbedded pyroclastic and rare rhyolite. The
Koga catchment can be divided in to two major units based on slope gradient: the upper catchment and
the lower catchment. The upper catchment is a soil complex and consists of a number of different soil
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sub groups. The main soil types within the upper catchment are Luvic Phaeozems (Typic Argiustolls),
Chromic Cambisols (Fluventic and Typic Ustropepts) and Lithic Leptosols (Lithic Ustortents) on
shallow steep slopes. The lower catchment consists of three major soil groups; the reddish brown and
yellowish brown Haplic Alisols (Typic Paleustults) in the well-drained and moderately well drained
upland areas, Eutric Vertisols (Ustic Epiaquarts) in the convex poorly drained plains and Eutric Gleysols
(Typic Tropaquepts) in the poorly and very poorly drained concave flat flood plains of the Koga tributaries.

2.1.3. Population

The total population of the Mecha woreda, within which the Koga catchment is located, is 292,000
of which 269,404 live in the rural part while 22,677 live in the urban part [22]. The population density
in the lower catchment is extremely higher than the population density in the upper catchment.
Subsistence rain fed production of cereals comprising teff, maize, barley and millet, as well as pulses,
oilseeds and some legumes is dominant in the area while irrigated agriculture takes up a small
percentage of the cultivated area of the Koga catchment. Income from livestock also contributes to the
livelihood of the small scale poor farmers in the area.

2.2. Land Use Policy and Interview of Locals

In Ethiopia, land is a public property and has been administered by the government since 1975. Before
1775 was the imperial era in which land was controlled by the King and the ruling elites [23]. The emperor
of that time and his family, together with the barons and lords in both houses of parliament were owners of
vast tracts of land in the country [23]. Since 1975, all rural and urban land became under public ownership
and the possession of rural land plots has been conditional upon residence in a village [24].

Historical long time ground truth data is difficult to collect unless there is documented data or through
people that knew the area during the considered time period. Aerial photographs do sometimes serve as
an alternative way of collecting ground truth data whenever there is no other way of getting it. Getting
aerial photographs for all the years required is not possible. In addition, aerial photo interpretation itself
need to be supported by ground truth data from some other sources due to the difficulty in distinguishing
some of the land use/cover classes using normal aerial photo interpretation techniques. For this reason it
was important to discuss with selected local people in the study area. The key informants were selected
community elders that did and still reside in the catchment and who are older than 75 years. The
catchment lies within 18 kebeles (sub-division of district) of the Mecha Woreda (district) as shown on
Figure 2 and Figure 3 shows some parts of the catchment. Discussions were made in person with one key
informant from each Kebele about how the land use/covers in their vicinity evolved through time and
about their observations of the causes of the changes. The elders were mostly priests, and some of them
were farmers who have an in depth knowledge of the area while having lived there for a long time.
Finding the right elders for discussion from each kebele was a tough task due to some reasons. In the first
place there were not many elders in each kebele and secondly, a few of the existing elders were illiterate,
which made topographic map or aerial photo based discussions difficult in addition to their
unwillingness to walk a little distance away from their place to explain the land use/cover changes within
their kebeles. Some others were not fit to make dependable discussion due to the inconsistent
information they provided, which was believed to be associated with aging. Regardless of all these
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difficulties, sufficient data was collected through key informants, who were willing to walk for a
considerable distance within their kebeles in order to explain the land use/cover changes. As far as it
enabled collection of enough data, selection of location for ground truth data was mainly based on the

respondents’ choice due to accessibility and distance from their place.
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Figure 3. Sediment laden runoff from ploughed fields in the Koga watershed during a
rainfall event (a), remaining natural woody vegetation along the Koga river (b), small crop
farm plots and homestead eucalyptus trees (c), pasture land and eucalyptus tree plantations (d).

Figure 2. Location Map of the Koga Catchment
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2.3. Remote Sensing Data Analysis

Aerial photographs of the scale 1:50,000 were acquired for the months of December 1957 and
January 1982 from the Ethiopian Mapping Agency. Landsat ETM image for the month December 1999,
Landsat TM for the months of December and September 1999, and Landsat MSS for the month of
December 1979 were downloaded from NASA’s GLOVIS website. The ASTER visible and near
infrared level 1A product data was obtained from NASA’S Land Processes Distributed Active Archive
Center (LP DAAC) website. Selection of the years for land use/cover classification was based on
availability of data and the relatively good gap between the years for assessing the land use/change
dynamics. Landsat Multispectral Scanner (MSS) images consist of four spectral bands with 80 m spatial
resolution. The approximate scene size is 170 km by 185 km. Landsat Thematic Mapper (TM) images
consist of seven spectral bands with a spatial resolution of 30 m for Bands 1 to 5 and 7. The spatial
resolution for Band 6 (thermal infrared) is 120 m, but is resampled to 30-m pixels. The approximate
scene size is 170 km by 183 km. Landsat Enhanced Thematic Mapper (ETM) images consist of eight
spectral bands with a spatial resolution of 30 m for Bands 1 to 7. The resolution for Band 8
(panchromatic) is 15 m. All the bands can collect one of two gain settings (high or low) for increased
radiometric sensitivity and dynamic range, while Band 6 collects both high and low gain for all scenes.
The approximate scene size is 170 km by 183 km. ASTER covers a wide spectral region with 14 bands
from the visible to the thermal infrared with high spatial, spectral and radiometric resolution. The spatial
resolution varies from 15 m in the visible and near-infrared (VNIR), 30 m in the short wave infrared
(SWIR), and 90 m in the thermal infrared (TIR) [25]. The scene size of ASTER images is 60 km by 60 km.

For the year 1957, stereo photo interpretation was done to generate the land use/cover classes.
Texture, pattern, tone of the aerial photos and data from key informants were used for stereo photo
interpretation. The stereo photo interpretation was made as detailed as possible. Individual patches of
woody vegetation as small as about 100 m? were separately traced during the stereo interpretation of the
aerial photographs. The aerial photos were then scanned with a high resolution scanner and
ortho-rectified using ASTER derived DEM that has a resolution of 15 m. Though there is some data
production time gap between the aerial photos and the ASTER DEM, ASTER DEM was used for
ortho-rectification of the aerial photos due to its relatively better resolution over the data generated
topographic maps. In addition, there still is a time gap between the production of the aerial photos and
the local topographic map that made preference of using the ASTER DEM to the local topographic map.
The nearest neighborhood was used for resampling. This whole process was done using ENVI1 4.7. The
stereo-interpreted data on transparent paper was then scanned and geo-referenced, and vector data was
generated through onscreen digitizing. This vector data was overlaid on the rectified aerial photos and
edited according to the 15 m photo resolution. The land use/cover description in Table 1 was used for
interpreting the aerial photos. This same land use/cover description was also used in classification of the
satellite images for the other years.
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Table 1. Definition of the land use/cover classes in the Koga catchment.

Land Use/Cover Class Description
Woody vegetation trees and shrubs with 20% or more crown cover that are taller than 2 m.

Crop field land used for production of food
Bare land areas characterized by bare rock, gravel, sand, silt, clay or other
earthen material, with little or no green vegetation present
Pasture areas used for cattle grazing including partially wet lands.
Settlement Residential areas

The Landsat MSS data for the year December 1979 has a spatial resolution of 60 m. Regardless of the
relatively lower spatial resolution of the 1979 Landsat MSS data as seen from Figure 4, an image with a
better spatial and spectral resolution was produced by pansharpening the Landsat MSS image using
large scale aerial photographs of January 1982. Pansharpening is an image fusion method in which high
resolution panchromatic data is fused with lower resolution multispectral data to create a colorized
high-resolution dataset. It is a pixel-level fusion technique that increases the spatial resolution while
simultaneously preserving the spectral information in the multispectral image, giving the best of both
worlds: high spectral resolution and high spatial resolution [26]. This enables to produce images with
improved interpretability. Though there is a one year difference in the time the MSS image and aerial
photographs were taken, both data sets were used for generating the land use/cover map of 1979. This is
due to the fact that there cannot be sudden significant changes in the land use/land cover classes within
one year as long as there is no change in the policy of the government at that time, as confirmed by key
informants and from personal observation of historical happening of such facts in the country. Principal
Component Spectral Sharpening technique was used to sharpen the false color composite of December
1979 Landsat MSS multispectral data with a mosaic of high spatial resolution scanned aerial
photographs of January 1982 that were ortho-rectified and resampled with a spatial resolution of 15 m.
Principal Component Spectral Sharpening assumes that the low spatial resolution spectral bands
correspond to the high resolution panchromatic band [27] and relies on the Principal Component
Analysis (PCA) mathematical transformation [26]. Ortho-rectification of the January 1982 aerial photos
was done in the same way as that of the 1957 aerial photographs. The output image had a relatively better
spectral and spatial resolution (see Figure 4). The ground truth data for some points of the study area at
that particular time was obtained from the key community elders accompanied by data from the aerial
photograph for supervised image classification. Supervised classification is the process of using samples of
known identity from training samples (spatially explicit field work data) or secondary data (maps, literature,
or knowledgeable informants) to classify areas of unknown identity [28]. The most commonly applied
supervised classification method is the maximum likelihood procedure because of its robustness [21]. In a
maximum likelihood supervised classification procedure, each pixel is evaluated for its statistical
probability of belonging in each category of the land use/cover classes and assigned to class with
maximum probability. Maximum likelihood classifiers, which are a widely used form of supervised
classification, assume the training data statistics for each class in each band are normally distributed and
calculates the probability that a given pixel belongs to a specific class. Maximum likelihood classifier
was used in ENVI 4.7 for supervised classification of the pansharpened 1979 image and the
classification had an overall accuracy of 96.17% with a kappa coefficient of 0.94. The kappa coefficient
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represents the level of agreement between the training samples and land use/cover values in the
classified image. The maximum value for kappa occurs when the observed level of agreement is 1. A
kappa coefficient of 0.60—0.80 represents good level of agreement while a kappa coefficient of greater
than 0.80 represents very good level of agreement. When the same ground truth data were used to do the
classification on 60 m spatial resolution false color composite of the 1979 Landsat MSS image, the
classification has an overall accuracy of 77.78% with a kappa coefficient of 0.67 (Appendix Table Al).
Pansharpening has improved the overall accuracy of the classification from 77.78% to 96.17%
(Appendix Table A2). In satellite based classifications using Landsat imagery, most authors have
claimed accuracy of between 60 to 90 percent [29].

A false color composite of the December 1986 LandSat TM has the spatial resolution of 30 m. No
pansharpening was done to this image, as there was no aerial photo of that area that time. Maximum
likelihood classifier was used for supervised image classification using ground truth data achieved
through the same techniques as that of the 1979 imagery. The classification has an overall accuracy of
87.97% with a kappa coefficient of 0.82.

Figure 4. 1979 Landsat MSS false color composite of small part of the area around the
outlet of the Koga catchment before and after pansharpening.

Aerial photograph Landsat MSS false colour composite

Landsat MSS false colour
composite after fusion with the
aerial photograph
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For the year 1999, a 30 m spatial resolution false color composite of the Landsat ETM was
pansharpened by the panchromatic 15 m resolution of band 8. The ground truth data was collected by the
same method used for 1957 and 1979 data. Maximum likelihood classifier was used for supervised
image classification. A small part of the upper catchment of the study area was cloud covered in the Dec.
image. Due to this, the cloud covered areas were masked and replaced by the September 1999 image that
was classified with the same techniques as the Dec. image. The 1999 classification has an overall
accuracy of 96.5% with a kappa coefficient of 0.94. The data sources, number of ground truth points
used and overall accuracy of the land use/cover classifications for all the years considered is
summarized in Table 2.

Since May 2003, there has been the malfunction of Landsat 7 due to failure of the Scan Line Protector
(SLP) on board Landsat 7. For this reason, an image from the Advanced Space borne Thermal Emission
and Reflection Radiometer ASTER, which is an imaging instrument onboard Terra (the flagship satellite
of NASA’s Earth Observing System), was used to generate the land use/cover map for the year 2010.

Table 2. Data sources, number of ground truth points and overall accuracy of the land
use/cover classifications from 1957-2010.

Number of Ground  Overall Kappa

Year Data Sources . ..
Truth Points Accuracy Coefficient

1957 December 1957 1:50,000 scale aerial 20 ) )
photographs, 2011 ASTER DEM
December 1979 Landsat MSS image of
1979 60 m spatial resolution, 1:50,000 scale 70 96.17 0.94
aerial photographs for January 1982
December 1986 Landsat TM image of
30 m spatial resolution
December and September 1999 Landsat
1999 ETM image of resolution 30 m with a 70 96.50 0.94
panchromatic band of 15 m resolution
August 2010 ASTER visible and near
infrared image of 15 m spatial resolution

1986 70 87.97 0.82

2010 124 99.48 0.99

The HDF4 file format of the ASTER Level 1A product for the year August 2010 was downloaded
from NASA’S LP DAAC website. The Level 1A product contains image data with geometric correction
coefficients and radiometric calibration coefficients appended but not applied. The radiometric
calibration and geometric correction was done by ENVI 4.7 from the HDF4 file. The false color
composite was created from the visible and near infrared bands with a ground resolution of 15 m. A
mosaic of two ASTER scenes was used as the study area was not completely covered with one scene.
Ground truth data was collected through field visit for 124 points. Maximum likelihood classifier was
used for supervised image classification. The classification has an overall accuracy of 99.48% with a
Kappa coefficient of 0.99. The part of the reservoir that lies within the Koga catchment was separately
digitized using the false color composite as a background image and was used to replace that particular
area on the classified image to avoid some of the pixels in the classified image.
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Finally, the classified images for all the years considered were clipped using the Koga watershed
boundary for land use/land cover change analysis.

3. Results

The following are the results of land use/cover classification of the Koga catchment for the years
1957, 1979, 1986, 1999 and 2010 (Figure 5).

Figure 5. Land use/cover map of the Koga catchment.

LEGEND

- Woody vegetation

Crop field

Pasture

Bare land

- Settlement
- Water

As referred from Table 3, there was a 46% loss of woody vegetation cover from the 1950s to 2010.
ENVI change detection statistics show that 2,665 ha of the woody vegetation of the 1957 land use/cover
was converted to crop fields, 372 ha into settlement, 620 ha in to pasture and 60 ha into water in 2010,
which was mainly associated with the loss of natural woody vegetation. In addition, 33 ha of bare land,
1,663 ha of crop fields, 4 ha of settlement, and 418 ha of pasture from 1957 was converted to woody
vegetation in 2010, which is attributed to the plantation of eucalyptus trees. Only 895 ha of the woody
vegetation of the 1957 land use/cover remained as woody vegetation in 2010. In 1986, it was observed
that 48% of the woody vegetation in 1979 was cleared that contributed to the increase in bare lands by
five times until the year 1986.The sudden appearance of the water land use/land cover class in the 2010
classification is due to the construction of the Koga reservoir for irrigation of the downstream areas.
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Table 3. Koga catchment land use/cover classes from 1957-2010 in hectares.

Change from
1957 (ha) 1979 (ha) 1986 (ha) 1999 (ha) 2010 (ha) 1957 to 2010

(ha)
Woody vegetation 5,576 4,587 2,388 2,738 3,012 12,563
Pasture 4,221 2,817 3,869 6,232 4,728 1507
Crop field 16,080 17,521 16,122 15,022 15,683 1398
Bare land 139 571.7 2,865 1,088 0 1139
Settlement 36 566 832 984 1,535 11,499
Water 0 0 0 0 1,108 11,108
Agricultural land 20,302 20,338 19,991 21,253 20,411 1109

(pasture + Crop field)

Since all rural and urban land was under public ownership beginning from 1975, with the possession
of rural land plots conditional upon residence in a village, the lack of belongingness of the woody
vegetation resources by the individual communities in the transitional time was therefore the reason for
much of the deforestation as confirmed by the key informants. Most of the destruction of the natural
woody vegetation occurred between the 1970s and 1980s. From 1986, there is a gradual increase in
woody vegetation until the year 2010. During field work in the catchment in 2011 and 2012, it was observed
that farmers are increasingly planting trees, partly converting their crop fields into eucalyptus vegetation.
From the year 1986 to 1999, and from 1999 to 2010, 1,321 and 1,076 ha of crop fields were respectively
converted in to woody vegetation (Figure 6) where as the amount of woody vegetation that was converted to
crop fields was only 809 and 747 ha from 1986 to 1999 and from 1999 to 2010 respectively.

Figure 6. Map of crop fields converted to woody vegetation from 1986 to 1999 (a), from
1999 to 2010 (b), from 1986 to 2010 (c).

The loss of fertility of the crop land from time to time is making the land unproductive unless plenty
of fertilizers are used which sometimes is impossible for the low income farmers due to the unaffordable
price of the fertilizers. Farmers in the area have started to consider planting trees especially eucalyptus
trees that can be safely harvested at a relatively shorter time than other native woody vegetation types as
a good source of income. The farmers believe that this would significantly reduce the labor they incur in
farming their crop fields and avoid the cost of fertilizers they would have used for their crops. Itis clearly
observed and has also been noted by the informants of the area that most of the indigenous vegetation is
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being dominated by eucalyptus trees since the last 20 years as these species matures in a relatively short
period of time, and because it can be sold before maturity as building material. The rational for the
increasing interest in planting may include the high market demand and price of tree products and the
need to earn more income with less labor. In general, there is an increasing trend in woody vegetation in
the catchment since the 1980s. Most of the remaining natural woody vegetation is located around
churches and along the Koga River.

When the overall area coverage is considered, there is no significant change observed in the number
of crop fields in the study catchment but there is a big change in the land holding per household due to
increase in population. In 1984, the total population of the Mecha Woreda (district) within which the
Koga catchment is located was 156,986 with 151,625 (97%) as the farming population. The number of
farming families totaled 33,694 with an average family size of 4.5 persons at that time. According to
the 1994 national census data, the total population for this woreda was 244,943 in 49,098 households,
out of which 232,696 (95%) were rural dwellers. As of the 2007 census data, the total population of
the Mecha woreda is 292,000 out of which 269,404 live in the rural part while 22,677 live in the urban
part [22]. The population of the woreda in which the catchment resides has increased by 1.5 times from
1984 to 1994 and 1.2 times from 1994 to 2007. The population has increased almost by double since the
1980s. This population has to share the same amount of crop field since the 1960s. Average land holding
per household for crop land in 1993 was 2.44 ha [30,31] where as in 2001, the crop land holding per
household decreased to 1.64 ha [32]. Increasing population in the rural areas was thus absorbed in
agriculture through leveling down of holdings, rather than through alternative forms of employment [24].
In 1996, land was given to landless youth and returnee ex-soldiers in Amhara Region by reducing the
holding of farmers who were reportedly associated with previous governments [24] where as in other
regions communal grazing lands and wood land was allocated to new claimants. Most parts of
the catchment have been continuously used for agricultural production for more than 50 years without
significant conservation measures. Farmers are complaining about the fact that the once fertile land
has been very much degraded and the productivity of the land is decreasing. Soil studies have
showed nutrient deficiencies [33]. Farming is practically impossible without use of fertilizers.

The livestock density in Mecha woreda is very high as compared to the national average [33]. Koga
catchment supports the largest cattle population density in the region [34]. Cattle play an increasingly
important role in household budgets and coping strategies during times of drought in the study area [31].
As per the 1993 Birr and Koga household survey data, the average livestock holding per household
(excluding poultry) in the Koga catchment was 7.17 [33]. From 1999-2001, the average livestock
holding (excluding poultry) per household in the woreda was 5.36 Tropical livestock Unit (TLU) [32],
which is equivalent to 9.3/household. This shows a 30% increase from 1993 to 2001. Mature cattle,
donkeys, horses and mules can be considered 1 TLU each while small ruminants like sheep and goats
can be taken as 0.2 TLU [35]. There has been an increasing trend in livestock in the area with the
increasing population. In 2007, the income of the Mecha woreda people generated from livestock was
almost half of the income generated from crops [36]. Agriculture is done with draught animals like oxen.
Transportation of crops to markets is done with donkeys, horses and mules. These facts reflect that
pasture is as equally important to the community as that of crop land. This is the likely reason why there
was no significant change in the amount of pasture since the 1950s. In addition to the communal pasture
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lands, farmers use part of their crop fields to grow fodder for their livestock for the dry season and this
same land is used to grow crops the next year.

As referred from Figure 7 and Table 3, the amount of agricultural area that includes the crop fields
and pasture together has remained almost the same throughout all the years. An increase in the number
of crop fields is accompanied by a decrease in the pasture land while a decrease in crop fields
accompanies an increase in pasture making the total amount of agricultural land almost the same
throughout all the years. The relatively lower amount of agricultural area in 2010 compared to that of
1999 is due to the Koga reservoir which has replaced 327 ha of woody vegetation, 363 ha of crop field,
352 ha of pasture, 14 ha of settlement, and 37 ha of bare land from the land use/cover of the year 1999.

Figure 7. Change in Crop fields and Pasture (Agricultural area) in the Koga Catchment from
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The reservoir area has been at the expense of agricultural land and settlement areas. A number of
inhabitants in the lower catchment of the area have been displaced due to the construction of the
irrigation dam. Settlements had to be given up and people have escaped from the inundated parts of five
kebeles and relocated themselves to either Merawi (closest town outside the catchment) or dry lands in
the woreda [37]. On the other hand, the irrigation dam has contributed to the conversion of bare lands
either to settlement (due to relocation), or to crop fields, pasture and woody vegetation due to the
availability of water for irrigation to the lower catchment in the dry season. A relatively higher
percentage of the bare lands in 1999 were converted to crop fields in 2010. In 2010, there was practically
no bare land in the catchment.

The increase in population has also been reflected by the increase in the area covered by settlement.
The area covered by settlement in the year 2010 is 43 times greater than the settlement area in the 1950s.
There has been a continuous increase in the area covered by settlements from 1957 to 2010.
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4. Discussion

While a few land use/cover change studies used remotely sensed data from sources with a relatively
similar scale [38,39], differences in the scales of the input data were not taken into consideration by
many authors that have used satellite images, mainly Landsat images for land use/land cover studies in
different parts of the world like in Tanzania [40,41], in Uganda [42,43]; in Ghana [44], in Nepal [45,46], in
Kenya [47-49] in Nigeria [50-53], in Zimbabwe [54], in India [55-57], in Turkey [58-60], in Iran [61,62],
and in Bangladesh [63-65]. Similarly, differences in the scales of the remotely sensed input data were
not considered in most of the land use/cover studies that have been done in Ethiopia [12,66-68]. Though
all these studies have contributed a lot to land use/cover change studies, no reconciliation of the
differences in scales were made when using different data sources. The image fusion techniques, more
specifically pansharpening that was used in this particular study has enabled to bring the different data
sources in to relatively similar scale to produce reliable land use/cover maps for comparison of the changes.

The 1979 image was acquired by one of the early generation of Landsat (Landsat 2). The 1986 scenes
were acquired by the more advanced second generation of Landsat (Landsat 5) while the 1999 images
were acquired from Landsat 7 Enhanced Thematic Mapper (ETM). On the other hand, the 2010 images
are from the ASTER sensor. Regardless of the reconciliations for the differences in the scales of the
input data, differences in the numbers and spectral ranges of the spectral bands and radiometric
differences among images still affect the land use/cover change analysis. Radiometric differences
among images are caused by inconsistencies of acquisition conditions such as seasonal changes, sensor
variations, atmospheric properties, and sensor target- illumination geometry [69].

Different land use/land cover studies for some parts of Ethiopia indicate that croplands have
expanded at the expense of natural vegetation, including forests and shrublands [12,66,68,70—74] while
Tekle and Hedlund [75] reported increases in the size of open areas and settlements at the expense of
shrublands and forests. Unlike many of the findings in land use/cover studies in Ethiopia, there have
been almost no observed changes in the overall amount of area used for agriculture for about the last fifty
years with increasing human and livestock population in the Koga catchment resulting in soil
degradation due to over exploitation and erosion from the ploughed fields. Changes were observed only
in the amount of cultivated land holding per household, which has been decreasing over time. There has
been a significant change in the woody vegetation of the Koga catchment since the 1950s although there
also has been an increasing trend in the woody vegetation after the 1980s. At the same time, the natural
vegetation has increasingly been dominated by eucalyptus trees. This finding coincides with that of
Bewket [67] that indicated a decrease in woodlands and shrubland between 1957 and 1982 and in
increase after 1982 in a watershed in the upper Blue Nile basin.

Awulachew et al. [15] related deforestation, overgrazing, land degradation and declining agricultural
productivity in the upstream part of the Blue Nile basin to high population pressure, lack of alternative
livelihood opportunities and the slow pace of rural development. Shiferaw [72] stated the reasons for
changes in land use/cover were natural factors such as drought and climate change as well as human
driving factors such as population growth, over intensification of farm sizes [76], and land tenure
policies [77,78]. Zeleke et al. [12] indicated an age-old tradition of clearing increasingly steeper land for
cultivation and lack of appropriate land use policies, as reasons land use changes threatening soil
degradation in North western Ethiopian highlands. In the Koga catchment, the growing human and
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livestock population is exerting much pressure on the environment resulting in degradation of the land
that in turn is reflected by the increasing tendency of the farmers to shift to plantation of eucalyptus trees
on their crop farms, and deforestation and degradation of the natural woody vegetation cover as
confirmed by the key informants. Overuse of the agricultural land without appropriate conservation
measures is facilitating erosion, which is reflected in the sediment laden runoff (Figure 3(a)) from the
ploughed agricultural fields in the catchment. The Koga irrigation dam has also contributed to the
change in land use/cover by replacing 1,042 ha of woody vegetation and agricultural land into water.

5. Conclusions

The land use/cover classification techniques used in this study has enabled to reconcile the
differences in the scales of the different data sources for land use/cover change detection instead of the
traditionally used land use/cover classifications and comparisons that do not take into consideration the
differences in the scales of input images. However, it should be noted that the input data sets are different
not only in spatial scales but also in other observation parameters such as the numbers and spectral
ranges of the spectral bands and radiometric performances that still would affect the land use/land cover
change analysis.

Analysis of the land use/cover shows that changes have occurred in the form of deforestation of the
natural woody vegetation cover in the study area. There has been a significant change in the natural
woody vegetation of the Koga catchment since the 1950s although there also has been an increasing
trend of eucalyptus tree plantations after the 1980s. The deforestation of the indigenous woody
vegetation and the relatively increasing trend in eucalyptus plantations may have a negative impact on
the water balance of the catchment due to the high consumption of water by eucalyptus trees. While there
almost is no change in the amount of area used for agriculture, the long term continuous use the
agricultural area by the increasing human and livestock population has resulted in degradation of the land
that is increasingly forcing the farmers to convert their farm plots to eucalyptus plantations. There has been
a continuous increase in land used for settlement in the catchment with the increasing population.

The observed changes are associated with increasing human and livestock population and partly with
changes in policy. The relationship between the local climate change and the land use/cover changes
could be an important future research issue.
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Appendix

Table Al. Confusion matrix—21979 image classification before pansharpening. Overall
Accuracy = 75.88%, Kappa Coefficient = 0.67.

Ground Truth (Percent)

Class VZ;;)t(;(:?i)n Pasture Settlement g::;g iig; Total
Woody vegetation 92.7 0.7 0 0.3 0 22.0
Pasture 1.8 73.7 0 32.6 5.8 374
Settlement 0 0 93.6 1.3 14.4 2.7
Crop field 0.2 19.3 2.1 61.5 3.3 25.6
Bare area 0.2 6.3 4.3 4.3 76.5 12.4
Total 100 100 100 100 100 100
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Table A2. Confusion matrix—21979 image classification after pansharpening. Overall

Accuracy = 96.17%, Kappa Coefficient = 0.94.

Ground Truth (Pixels)

Woody Crop Bare
Class : Pasture  Settlement . Total
Vegetation Field Area
Woody vegetation 99.6 0 0 0.3 0 18.8
Pasture 0 96.6 0 5.6 0 45.6
Settlement 0 0 91.2 0 324 0.2
Crop field 0.4 34 2.2 94.1 0 35.3
Bare area 0 0 6.6 0.0 67.6 0.2
Total 100 100 100 100 100 100
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