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Introduction
Ethiopia has a large number of species of flora and fauna in general and
forest resources in particular with a significant rate of endemism. Ethiopian forest
cover once was 40 per cent of the country’s land area. With the inclusion
of the savanna woodlands (EEPFE, 2008). FAO (2006b) estimated that only
11.9 per cent of the country’s land mass is now forested (0.13 million km2) and
there is an alarming rate of deforestation (1.1 per cent annually). However,
there is uncertainty about the exact forest cover of the country (Melaku, 2003,
and FAO, 2006a). The human and livestock population in Ethiopia is about
seventy-three and sixty million respectively (CSA, 2008). This puts much
pressure on the forest resources of the country for various reasons including
expansion in the land area for farming and grazing, illegal settlement, urbanization, demand for forests and forest products such as fuel wood and
construction and demand for non-wood forest products (EEPFE, 2008).
Reduction in forest cover results in soil erosion, reduced capacity for
watershed protection, reduced capacity for carbon sequestration, threats to
biodiversity, dwindling and instability of ecosystems and shortage of various
wood and non-wood forest products and services. Ethiopia loses over 1.5 billion
tons of topsoil annually from the highlands through erosion (Girma, 2001).
The invention of satellite remote sensing techniques and the introduction of
affordable, powerful computing devices in such areas are getting deserved international attention with detailed studies as well as mapping. This is a big step
towards monitoring global biodiversity and supporting the efforts of national
and regional natural ecosystems conservation (Bedru, 2006).
Some research on natural resources mapping has been conducted in the
Amhara region: Solomon (1994, 2005); Kebrom and Hedlund (2000); Gete
and Hurni (2001); Belay (2002); Woldeamlak (2002); Girmay (2003);
Selamyihun (2004); Birru (2007); Hussien (2009) and Menale et al. (2011).
However, there is significant variation in the level of analysis performed and
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the purpose and output of the studies. It is hoped that this study will provide
information for decision-makers and development practitioners about the
magnitude and dimensions of long-term forest cover changes, its drivers and
impacts, in the study area and surrounding areas. The objective of this study
was to assess the spatial and temporal changes of forest cover and to identify
the driving forces and the impacts on the environment.

Material and methods
The study was conducted on the Gumara-Maksegnit watershed located about
45 km south-west of Gondar town. It is located between 12°24′ and 12°31′
latitude and 37°33′ and 37° 37′ longitude. The watershed lies in the upper part
of the Lake Tana basin in the north-west Amhara region (Figure 5.1). The
study area is characterized by a bi-modal rainfall distribution with a mean annual
value of 1,052 mm. The mean monthly minimum and maximum temperatures are 13.3 °C and 28.5 °C respectively (Worku et al., 2010)). The total area
of the Gumara-Maksegnit watershed is about 5,600 ha. The topography ranges
from gentle slope to very steep slope. The altitude ranges from 1,912 to 2,848
m above sea level. The study area is characterized by different soil types such
as red soil covers 21 per cent (nitosol), black soil 43 per cent (vertisol) and
brown and other types cover 36 per cent (gleysol and leptsol). The vegetation
of the study area is part of the evergreen dry afromontane forests that dominate
the highlands of Ethiopia (Demel, 1996). The dominant tree species is Olea
europaea, Albizia gummifera, Ficus spp and Euphorbia spp (Chaffey, 1979, ILDP,
2002, and Worku et al., 2010).
There are different land use types such as cultivation, grazing and settlement.
Mixed farming is the predominant activity in the study area (i.e. crop production
and livestock rearing (90 per cent) (ILDP, 2002)). The watershed contains five
gottes/villages and currently supports 1,148 household heads. The average
family size is about four persons. The average landholding size is 1.33 ha per
household. Due to population increment, cultivable land per family has declined
and communal grazing and forest lands are being converted to arable lands and
settlements (Worku et al., 2010). The major crops include sorghum, teff, garlic,
shallot, faba bean, lentil, bread wheat, chickpea, field pea, linseed, finger millet,
barley and maize. Teff, sorghum and chickpea are the main staple crops in the
study area (Worku et al., 2010).
A questionnaire was developed and randomly selected household were
interviewed to assess the trend of the forest cover change. Households were
taken from three kebeles (villages), namely, Chenchaye Degola, Denzaze and
Jayera. In each kebele, thirty interviewees were selected. The questionnaire
included personal and demographic data, crop production data and vegetation
data with an emphasis on forest resources, changing trends and associated
environmental problems and solutions. Quantitative and qualitative data were
co-analysed to allow identification of causative factors. The analysis of the socioeconomic data was carried out using SPSS software version 16.
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Figure 5.1 The study area

Different methods and techniques were used to measure and analyse spatial
and non-spatial data. Landsat and SPOT satellite images from 1986, 1999 and
2007 were analysed to identify forest cover changes in the Gumara-Maksegnit
watershed (Table 5.1). Topographic units such as altitude and aspect were
simultaneously extracted using ASTER DEM. The spatial resolution of the
Landsat images from 1986 and 1999 was 28.5 m and for the SPOT in 2007 it
was 10 m. Resampling was carried out using ArcGIS 9.3 software to change
the spatial resolution of all images to 28.5 m by 28.5 m.
Field observations were performed in order to gain an understanding of the
features of different land cover (LC) classes, to obtain GPS points to support
visual interpretation of the images, to select reference areas as training areas
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Table 5.1 Data type and software used
Data types and software used

Description

Landsat

p170r055 Landsat TM 1986 and ETM+ 1999 with
28.5m spatial resolution
SPOT 2007 (spatial resolution = 10m, (Scene ID = 4
133–325 07–10–08 08:21:42 1 I, Date = 2007–10–08
08:21:42, Instrument = HRVIR 1 and Number of
spectral bands = 4)
ASTER DEM (pg-BR1A0000–2007020401_003_
012, 90m spatial resolution)
ERDAS version 9.1 used for image analysis
ArcGIS version 9.3 used for spatial analysis
SPSS version 16 used for socio-economic data
analysis

SPOT

DEM (digital elevation model)
ERDAS
ArcGIS
SPSS

(for supervised classification) and test areas (for accuracy assessment). A total of
234 GPS points were collected (Figure 5.2). A description of the different LC
classes was carried out to avoid ambiguity. With some modifications, the land
cover categorization was attained based on Hurni and Ludi (2000); Amsalu
et al. (2007); Birru (2007); Menale et al. (2011) and Hussien (2009). The following categories were considered: forest/open shrub land, cropland and grassland/
pasture/bare land.
Satellite images were pre-processed by geometric, radiometric, atmospheric
corrections. The decision rule used in supervised classification was the maximum
likelihood classifier algorithm. Equal a priori probabilities of the individual
categories were assumed. Representative Areas of Interest (AOIs) were selected
as training for LC classification. The training points were distributed in the area
of each cover type. The AOIs are selected based on knowledge of the area
obtained from fieldwork, visual interpretation of the images and using GPS
points. The forest cover encompassed all available forest types such as natural
forest, mixed forest, young forest, plantation forest and shrubs. The number of
sample AOIs for cropland, forest and grassland were 118, 62, and 53 respectively.
LC maps derived from image classification may have errors due to
classification technique, analysis, and method of satellite data capture. The most
common and typical method of assessing classification accuracy is the use of an
error matrix (Congalton, 1991). The accuracy of the classification and the output of land cover mapping were assessed using representative samples (GPS
points) taken during field observation. Based on the field survey data, an error
matrix was generated to compare the real LC type with the automated
classification output. Overall accuracy of the classification, producer’s and user’s
accuracy and kappa coefficient were calculated from the error matrix.
Change detection was done for 1986 to 1999, 1999 to 2007 and 1986 to
2007 using ERDAS imagine software (version 9.1). Four classes were assigned:
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Figure 5.2
Distribution of field observations
over the watershed of SPOT
2007 image

no class, for non-forest areas; no change, for areas covered with forest at both
at the start and the end of the period; new forest, for areas where forest was
detected at the recent date but not at the previous date; deforestation, for areas
where forest had disappeared at the recent date but was detected at the previous
date. The changes in forest cover were analyzed with environmental parameters,
such as altitude and slope aspect. Aspect and altitude are environmental variables
which influence parameters such as exposure to sunlight, drying winds,
evapotranspiration, temperature and oxygen and carbon dioxide concentration.
Altitude and aspect were categorized into five and ten classes, respectively. The
magnitude of forest cover change for each class was calculated.

Results and discussion
Sixty-five GPS points were used for verification of the land cover classes
generated. The general kappa index obtained is 0.86 and the overall accuracy
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Figure 5.3 Land cover classification map of Landsat images acquired in 1986, 1999 and
2007
Table 5.2 The share of land cover classes in the watershed
Land cover class

1986
Area
(ha)

Forest
Agricultural land
Grassland
Total

1,764
2,160
1,660
558

1999
%
31.6
38.7
29.7
100

Area
(ha)
1,425
3,498
661
5,584

2007
%
25.5
62.6
11.9
100

Area
(ha)
1,239
4,247
98
5,584

%
22.1
76.1
1.8
100

of the field data versus automated classification result is 91 per cent, which is
an acceptable range in such a kind of classification. Three LC maps were
produced for the three periods (Figure 5.3). The areas of each LC type for the
three dates are presented in Table 5.2. The results indicated drastic decreases
in forest cover and grassland and an expansion of agricultural land.
The results showed that forest has 100 per cent producer’s accuracy (Table
5.3), indicating that real forest lands on the ground are correctly shown in
automated classification. However, grasslands on the ground are less correctly
classified using automated classification. This is due to the similarity in spectral
reflectance of grassland areas with the unploughed agricultural plots or fallow
lands.
The results showed that the forest cover decreased continuously between
1986 and 1999 as well as between 1999 and 2007. The area under forest cover
was 1,764.5 ha (31.6 per cent of the watershed) in 1986, declined to 1,425.0 ha
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Table 5.3 Error matrix for classification using the 2007 image
Classification

Field data
Forest

Agriculture

Grassland

Row total

User’s
accuracy

Forest
Agriculture
Grassland

25
0
0

1
23
1

0
4
11

26
27
12

0.96
0.85
0.92

Column total

25

25

15

65

Producer’s accuracy

1.00

0.92

0.73

Table 5.4 Forest cover change during the period 1986 to 2007
Class

From 1986
to 1999
(ha)

From 1999
to 2007
(ha)

From 1986
to 2007
(ha)

No forest (other land uses)
No change in forest cover
New forest cover
Deforested

3,534.9
1,140.4
284.6
624.1

3,591.6
659.5
567.4
765.6

3,301.0
708.2
518.6
1,056.3

Total

5,584.0

5,584.0

5,584.0

(25.5 per cent of the watershed) in 1999 and to 1,239.19 ha (22.2 per cent of
the watershed) in 2007. The greatest deforestation took place between 1999
and 2007. The size of forest cleared between 1999 and 2007 is 765.55 ha or
13.71 per cent of the watershed (Table 5.4). The annual clearance of forest
cover between 1986 to 1999, between 1999 to 2007 and for the whole period
(1986 to 2007) was estimated at a rate of 48.0 ha/year, 95.7 ha/year and 50.3
ha/year, respectively.
However, a few newly emerged forests were also found. This is due to
plantation in farmlands, farm boundaries, gullies and homesteads. The field
observation revealed that most of the emerging forests are plantation covered
by Eucalyptus species. Farmers have a great interest in Eucalyptus because of its
fast growth which means it can fulfil farmers’ demand for wood as well as cash
income generation (Table 5.4).

Factors driving deforestation
The natural distribution of forests is sensitive to altitude due to physiological
requirements. The distribution of land area to the different altitude classes in
the watershed is shown in Table 5.5.
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Table 5.5 Distribution of land areas at different altitudes (DEM of the watershed)
Altitude (masl)

Total area in each altitude
Area (ha)

%

Below 2000
2000–2200
2200–2400
2400–2600
Above 2600

730.38
1,458.88
2,375.51
607.08
412.14

13.08
26.13
42.54
10.87
7.38

Total

5,583.99

100

Between elevation 2,200 to 2,400 metres above sea level (masl) for the first
study period (1986 to 1999); the amount of deforestation was 16.0 per cent
while the amount of newly emerged forests was 10.5 per cent (Figure 5.4a).
For the second period (1999 to 2007) of the study the amount of deforestation
and newly emerged forests was 24.6 per cent and 13.2 per cent respectively
(Figure 5.4b). For the whole study period these amounts are estimated to be
30.2 per cent and 13.1 per cent respectively (Figure 5.4c).
In all the periods, deforestation and new forests were concentrated in
altitudinal range between 2,000–2,200 and 2,200–2,400 masl. This is because
at these altitudes agricultural and grazing (‘No class’ in Figure 5.4) activities are
very limited due to their inaccessibility and physical unsuitability. Agricultural
and grazing activities are concentrated in altitudes below 2,200 masl. The field
observation confirmed that plantations of new forests were concentrated around
homesteads and farm lands. In addition, large areas of deforestation (237.0 ha,
358.4h a and 440.2 ha in various periods) were observed within the elevation
category of 2,200–2,400 masl due to the clearance of forests by the people
starting from their immediate surroundings up to the tolerable distances.
The results indicate that the south facing aspects (south, south-east and southwest) are favourable for newly emerged forests (Figure 5.5). Conversely, north
facing aspects and flat places are not good positions for the emergence of new
forests. In most cases flat places are used for settlement, agriculture and other
activities due to their favourability. These results are important in predicting
the future of reforestation and to guide decision-makers on areas with more
potential for successful reforestation efforts.
The total population of the ninety sample households was 369, of which
194 (52.57 per cent) were males and 175 (47.43 per cent) were females. The
average family size for all surveyed households was 4.1 with a range of 2
to 11. The average agriculture landholding size of farmers is 1.32 ha. A large
proportion of the surveyed households (91.6 per cent) indicated that area under
cultivation per household had decreased due to the sub-division of land as
parents pass part of their land on to their children which results in a further
reduction in the amount of land for the next generation; the remaining
(8.4 per cent) responded that there was no change. Ninety-two per cent of
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Figure 5.4 Forest cover changes from 1986 to 2007 across altitude: (a) 1986 to 1999;
(b) 1999 to 2007; (c) 1986 to 2007
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Figure 5.5 New forest in different aspects
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Figure 5.6 Land cover change

respondents put population growth as the main cause of reduced household
cultivated area.
The majority of interviewees (97.8 per cent) confirmed that forest cover in
the watershed has been declining over recent decades, while the remaining 2.2
per cent said there was no change. The major cause identified by 83.3 per cent
of respondents in the study was the expansion of agricultural fields to replace
forest lands and grasslands. This agreed with the LC change detection result
(Figure 5.6). Moreover, 11.1 per cent and 3.3 per cent of respondents
respectively reported that the loose institutional set-up and fuel wood collection
contributed as the second and third causes of deforestation.
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Impact of forest cover change on the environment
Sixty-nine per cent of respondents reported that the main problem in the
study area as a consequence of deforestation is drying of water bodies such as
groundwater, springs and rivers. Seventeen per cent cited soil erosion due to
water as the main environmental problem and 9 per cent cited firewood scarcity
as a major problem. Others prioritized scarcity of fodder (2.2 per cent), lack
of construction timber (2.2 per cent) and species extinction (1.1 per cent) as
primary consequences of deforestation. The respondents identified a list of
trees/shrubs species (Table 5.6) which had disappeared due to deforestation and
where farmers had been extracting one or more benefits from these trees.
Table 5.6 Plant species that have disappeared from the Gumara-Maksegnit watershed
Vernonia amygdalina (Grawa)
Schefflera abyssinica (Geteme)
Rhus glutinosa (Embus)
Combretum molle (Abalo)
Ziziphus spina-christi (Gaba)
Syzygium guineense (Dokima)
Juniperus procera (Tid)
Entada abyssinica (Kontir)
Podocarpus falcatus (Zigiba)
Acacia albida (Girar)

Psydrax schimperiana (Seged)
Delonix regia (Kachona)
Carissa ed ulis (Agam)
Euphorbia spp (Enketitif)
Tekere
Duduna
Ayiderkie
Afer
Dingay seber
Awera

Shonet
Yellew
Enkoy
Kechem
Kunbel
Dimetot
Wonbella
Chocho
Tenbelel
Kimo

In addition, farmers in the watershed also raised productivity reduction and
gully formation as major problems resulting from deforestation. Ninety per cent
of respondents reported productivity reduction on their farmlands while 6 per
cent and 4 per cent respectively said there was no change or even an increase
in productivity. To combat the problem of loss of productivity, 48 per cent of
the respondents suggested the acquisition of additional land through different
mechanisms (e.g. renting, buying, etc.), 43 per cent are trying to increase the
fertility of their farmland by using fertilizers, 2 per cent are using the fallow
system and the rest (7 per cent) are not taking any action because there was no
reduction in productivity.

Conclusion
Forest cover change in the Gumara-Maksegnit watershed was analysed using
Landsat TM 1986, ETM 1999 and SPOT 2007 data sets. Drivers for the
observed changes and consequences of deforestation on the environment were
also identified by analysing the farmers’ knowledge through survey and focus
group discussion. The extent and pattern of change was correlated with biophysical and socio-economic factors.
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The quantitative evidence of forest cover dynamics showed a substantial
decline in forest cover since 1986; this is mainly due to the expansion of
agricultural land to meet increasing demands for food, feed and fuel. As a result
of deforestation, local people have faced many environmental problems such
as loss of biodiversity, drying of streams and water bodies, soil erosion, firewood
scarcity and lack of fodder and construction timber. However the main problem
was found to be the deterioration of water bodies in the watershed.
Satellite derived topographic units, such as altitude and aspect, which are
supposed to influence the growth of trees were extracted to examine the
topographic units of the study site. Forest cover changes and agricultural land
expansion activities are mainly concentrated at between 2,000 and 2,400 masl
elevations. Large areas of deforestation and newly emerging forests were
observed in this altitudinal range. The most favourable topographical aspect for
newly planted forests was found to be a south-east orientation of the landscape.
Deforestation as a result of agricultural expansion is a serious problem in the
study area which needs urgent attention and action by decision-makers. A
participatory approach involving the community is needed to understand the
problem and formulate and implement sustainable solutions such as afforestation,
closing the forest areas from animals and human beings, establishing arboretums
to conserve biodiversity and prevent further expansion of cultivation lands
through various mechanisms. It will be important to engage the farmers in
different off-farm activities to reduce the pressure on forest resources.
Further studies on policy and detailed socio-economic issues should be
undertaken to understand the human–forest interaction and produce options
to reverse the current deforestation. Further study is required to quantify
the reported species extinction and the underlying factors responsible for the
problem. Introduction of alternative and renewable energy sources should
be given priority consideration.
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