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Abstract

Background: Land use/land cover (LU/LC) change is the challenging and continuous drivers of environment change.
Understanding the rate and process of change is, therefore, basic for managing the environment. This study was
intended to analyze the LU/LC changes from 1985 to 2015 periods, and predict the situation to 2030 and 2045 in the
Andassa watershed of Blue Nile basin, Ethiopia. The hybrid classification technique for extracting thematic information
from satellite images and CA-Markov model for prediction of LU/LC were employed.

Results: Cultivated land was expanding from 62.7% in 1985 to 73.1% in 2000 and to 76.8% in 2015. The area of built-
up also slightly increased (0.1-1.1%) between 1985 and 2015 periods. In contrast, forest, shrubland and grassland
were reduced from 3.5 to 1.9%, 26.2 to 15.3% and 7.6 to 4.9% in 1985 and 2015 periods, respectively. The increase of
cultivated land and built-up area, and the withdrawing of forest, shrubland and grassland were further continued in
2030 and 2045 periods.

Conclusion: Significant amount of LU/LC conversions had occurred in the watershed from 1985 to 2015 periods, and

critical.

expected to continue in 2030 and 2045 periods. Thus, appropriate interventions to revert the trends are very much
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Background

Our planet earth is endowed with plenty of natural
resources which sustain life for millennia. However, land
use/land cover (LU/LC) changes are major environmen-
tal challenges in various parts of the world. Globally,
there had been an increase of cropland and pastureland
during 1970-1990 and 1700-1990 periods, respectively.
Within these periods, Lambin et al. (2003) indicated that
cropland and pastureland globally increased approxi-
mately five and six fold, respectively. The increase was
at the expense of forest, natural grassland and savannas.
Nevertheless, the direction of LU/LC change was not
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and indicate if changes were made.

uniform in all parts of the world. In temperate forest, the
increment was by almost 3*10° ha/year, while the tropical
forest decreased by 12*10° ha/year (MEA 2005).

LU/LC changes are also common phenomena in Ethio-
pia. There was a rapid expansion of cultivated land at the
expense of vegetative land cover types in various parts of
the country. For example, Gete and Hurni (2001) study
in Dembecha area of northwestern Ethiopia showed
an increase of cultivated land from 39% in 1957 to 77%
in 1995 while natural forest declined from 27 to 0.3%.
The decline of forest cover from 50.9 to 16.7% was also
observed in Upper Gilgel Abbay catchment of Blue Nile
basin between 1973 and 2001 periods, basically due to
the expansion of agricultural land (Rientjes et al. 2011).
Gessesse and Kleman (2007) study in the South Central
Rift Valley Region of Ethiopia also showed the reduction
of natural forest cover from 16% in 1972 to 2.8% in 2000,
which amounts to a total natural forest loss of 40,324 ha.
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In the entire area of Blue Nile basin also there had been
a shrinking of wooded grassland, wood land, shrubs and
bushes, natural forest and afro-alpine vegetation between
1973 and 2000 periods while rain fed cropland, grassland,
water body and barren land had increased. The increase
of water body is due to the construction of different
dams in the basin (Gebremicael et al. 2013). Belay (2002)
study in Derekolli catchment of the South Wello Zone
also reported the decline of scrubland at the rate of 1.6
and 0.31% per year between 1957-1986 and 1986-2000,
respectively. In contrast, cropland had increased from
65.1% in 1957 to 70.6% in 2000. In Northern Afar range-
lands also a rapid reduction in woodland cover (97%) and
grassland cover (88%) from 1972 to 2007 were reported,
and in contrary bush land cover and cultivated land
increased more than three and eightfold, respectively
(Diress et al. 2010). A decrease in coverage of scrub-
lands, riverine vegetation and forests, and an increase
in open areas, settlements, floodplains, and water body
were also observed in Kalu District of Southern Wello
between 1958 and 1986 periods (Kebrom and Hedlund
2000). While, some studies conducted in the previously
degraded parts of northern Ethiopia, revealed improve-
ment of vegetation cover due to community afforestation
and land rehabilitation activity (Amare (2007) and Amare
et al. (2011) in Eastern Escarpment of Wello, Ethiopia;
Muluneh (2003) in west Gurage land and Munro et al.
(2008) in Tigray highlands). The increase of forest cover
was also reported in Chemoga watershed from 1957-
1998 periods (Woldeamlak 2002).

LU/LC change is increasingly recognized as an impor-
tant driver of environmental change on all spatial and
temporal scales. LU/LC change contributes significantly
to earth atmosphere interactions, forest fragmentation,
and biodiversity loss (Fu et al. 2000). In addition, it is also
one of the factors for local environment disturbance by
influencing runoff, soil loss and stream flow (Woldeam-
lak 2002). Due to these, modeling the dynamics of LU/
LC is crucially important for managing the environment.
The study area, Andassa watershed, is known to be the
productive area in the country, and the head stream of
Blue Nile River. Hence, identifying the rate and process
of LU/LC changes is fundamental, which have national
and international significance. However, the watershed
LU/LC change is not well investigated. Thus, this study
was aimed to analyze the LU/LC changes from 1985 to
2015 periods and predict the situation to 2030 and 2045
periods.

Methods
Study site
Andassa watershed is within the Blue Nile basin of Ethio-
pia (Fig. 1). It is situated approximately 560 km northwest
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Fig. 1 Location map of the Andassa watershed in the Blue Nile basin

from Ethiopia

of Addis Ababa (the capital city of Ethiopia) and in a
close proximity to the capital city of the Amhara regional
state (Bahir Dar). Geographically, the watershed extends
between 11°08/'N-11°32'N latitude and 37°16’E-37°32'E
longitudes. The watershed covers a surface area of
58,760 ha belonging to three Administrative Districts
(Woredas), which are Bahir Dar Zuria, Mecha and Yil-
mana Densa. The topography is hilly and elevation ranges
from 1701 m to 3216 m a.s.l. Its agro-climate is remark-
ably dominated by sub-tropical climate (85.2%) with a
small segment of temperate climate (14.8%). According
to the data obtained from the GIS department of Minis-
try of Water and Energy, the major soil types in the stud-
ied watershed include Haplic Alisols, Eutric Leptosols,
Chromic Luvisols, Haplic Nitisols and Eutric Vertisols.
Its geology is also characterized by Alluvium, Ashangi
basalts, basalts related to volcanic center and Termaber
basalts. Andassa River is the major river of the studied
watershed, which is also among the tributaries of Blue
Nile River. Agriculture is the foremost economic activ-
ity and the main sources of livelihood for the population
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and rainfall is bimodal which include spring and summer
rainfall.

Data types and sources

Three satellite images (Landsat-5 TM 1985, Landsat-7
ETM™ 2000 and Landsat-8 OLI-TIRS 2015) with 30 m
spatial resolution were used for the LU/LC change analy-
sis of the studied watershed. Details of the images char-
acteristics are tabulated in Table 1. The data required for
the study were collected from various sources. Landsat
data were downloaded free of charge from U.S Geological
Survey (USGS) Center for Earth Resources Observation
and Science (EROS) (https://earthexplorer.usgs.gov/).
ASTER GDEM with 30 m cell size was obtained from
Aster Global Digital Elevation Map (http://gdex.cr.usgs.
gov/gdex/), and river and road data were collected from
the GIS department of Ministry of Water and Energy
(Ethiopia). Population data of 1994 and 2007 at the small-
est administrative unit (Kebele) were also obtained from
the Ethiopian Central Statistics Agency. In addition to
these secondary data, primary data were also obtained
through extensive field works and in-depth focus group
discussions with agricultural development agents and
local elders.

Image classification

Image classifications were carried out to extract useful
thematic information (Boakye et al. 2008; Al-sharif and
Pradhan 2013) from the three Landsat images (Table 1).
Preprocessing tasks such as geometric and radiometric
corrections (Giriraj et al. 2008; Schulz et al. 2010; Tef-
eri et al. 2010; Mosammam et al. 2016; Temesgen et al.
2017) were applied before classifying the images. Image
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classifications were undertaken using the hybrid classifi-
cation technique, which combines both unsupervised and
supervised classification techniques (Teferi et al. 2010;
Solomon et al. 2014). The hybrid classification technique
improves the classification accuracy better than using
either unsupervised or supervised classification tech-
niques alone (Lillesand and Kiefer 2000). Primarily, unsu-
pervised classification using Iterative Self-Organizing
Data Analysis (ISODATA) clustering (Boakye et al. 2008;
Teferi et al. 2010) method was undertaken as a baseline
for collecting ground truth points. Using signature edi-
tor of unsupervised classes, a pixel based supervised
classification with Maximum Likelihood Classification
(MLC) algorism (Solomon et al. 2014; Temesgen et al.
2014a) was undertaken using the ground truth points
collected from each LU/LC category. A total of 450 GPS
points (75 GPS points in each LU/LC), which were col-
lected between 9:00 a.m. and 5:00 p.m., were undertaken
for supervised classification. The LU/LC classes together
with their descriptions are presented in Table 2. In clas-
sifying the 1985 and 2000 images, reference data from
Google earth images from the corresponding time peri-
ods were collected. Furthermore, geo-linking techniques
and in-depth focus group discussions with local elders
were also undertaken. ERDAS Imagine 2014 and ArcGIS
10.3 software were used for image classification and map-
ping purposes, respectively.

Accuracy assessment

Accuracy assessment was done to understand the repre-
sentation of the classified images on the ground (Congal-
ton 1991; Congalton and Green 1999; Congalton 2005;
Temesgen et al. 2014a; Mosammam et al. 2016). Any

Table 1 Satellite images used for LU/LC change analysis and their characteristics

Satellite image Path/row Sensor Resolution/scale (m) No. of bands Date of acquisition Cloud cover
Landsat-5 170/52 ™ 30 7 1985-02-17
Landsat-7 170/52 ETMT 30 8 2000-02-03
Landsat-8 170/52 OLI-TIRS 30 11 2015-02-20

Table 2 Land use/land cover types in the Andassa watershed and their descriptions

Land use/land cover classes Description

Cultivated land
Forest

Shrubland
dense than forests

Grassland
Built-up area

Areas used for construction sites and towns

Include areas used for perennial and annual crops, irrigated areas and the scattered rural settlements.
Areas covered with dense trees, which include both eucalyptus and coniferous trees.
Areas covered with small trees, bushes and shrubs. In some areas, grasses are found within them. These are areas less

Areas covered by grasses usually used for grazing and those remains some months in a year
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classified image without accuracy assessment limits the
confidence of the result (Congalton 1991; Congalton and
Green 1999). Accuracy assessment is commonly done
with reference to other images (Congalton 1991; Con-
galton and Green 1999; Foody 2002; Congalton 2005;
Mekuria 2005; Gessesse and Kleman 2007; Schulz et al.
2010; Teferi et al. 2010). To do accuracy assessment for
the classified images, 480 random sample points in Arc-
GIS 10.3 was created. Reference points were collected
for the 1985, 2000 and 2015 classified images from the
corresponding Google Earth images (i.e. 05 February,
1985; 21 February, 2000 and 28 February, 2015, respec-
tively). A similar procedure was followed by Abineh and
Bogale (2015) and Temesgen et al. (2017). Then, the clas-
sified images were compared with the reference images
by means of error matrix (Foody 2002; Schulz et al. 2010;
Rientjes et al. 2011; Ariti et al. 2015). Various measures
of accuracy assessment such as producer accuracy, user
accuracy (Congalton 1991), overall accuracy and Kappa
coefficient were done. Overall accuracy (Congalton 1991;
Foody 2002; Congalton 2005) was calculated as Eq. 1
while Kappa coefficient (Congalton 1991) was calculated
using Eq. 2.

X
OA = <> * 100
Y

where, OA is overall accuracy, X is number of correct val-
ues in the diagonals of the matrix, and Y is total number
of values taken as a reference point.

K- N S xii — S0 (it * x + i)
N2 (it xx i)

where, K is Kappa coefficient, r is the number of rows in
the matrix, xii is the number of observations in row i and
column i, xi+ are the marginal totals of row i, x + i are
the marginal totals column i, and N is the total number of
observations.

The accuracy report of the 1985, 2000 and 2015 classi-
fied images are presented in Table 3. An overall accuracy

ey
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of 86.9, 85.8 and 88.8% were attained for the 1985, 2000
and 2015 classified images, respectively. A kappa coef-
ficient of 0.83, 0.81 and 0.85, respectively, were also
obtained for 1985, 2000 and 2015 LU/LC maps. Accord-
ing to Monserud (1990), a Kappa values between 0.70
and 0.85 are generally rated as very good indicators of
the classified image in representing the ground truths.
Hence, the validation data set indicated a very good
agreement of the classified image with the ground truths.
The details of the accuracy assessment reports of the clas-
sified images are found in the Additional file 1: Appendix.

Land use/land cover prediction

Prediction of LU/LC conditions for the 2030 and 2045
periods were undertaken with Cellular Automata-
Markov (CA-Markov) model. CA-Markov predicts not
only the trend but also the spatial structure of differ-
ent LU/LC categories (Arsanjani et al. 2011; Wang et al.
2012; Li et al. 2015). The model is widely applied in LU/
LC change modeling elsewhere (Kamusoko et al. (2009)
in Zimbabwe; Arsanjani et al. (2011) in Iran; Sang
et al. (2011) in China; Al-sharif and Pradhan (2013) in
Libya; Adhikari and Southworth (2012) and Singh et al.
(2015) in India among others). Predictions were under-
taken in IDRISI; Geospatial software for monitoring
and modeling the Earth system; version 17.0 using the
2015 classified image as a basis LU/LC image and by
considering factors and constraints (Clark Labs 2012;
Eastman 2012; Omar et al. 2014; Singh et al. 2015). At
first, however, transitions between 2000 and 2015 peri-
ods (with the proportion error of 0.15) were undertaken
using Markov transition estimator in the IDRISI mod-
ule. Factors are criterions that indicate the relative suit-
ability of areas under consideration (Clark Labs 2012;
Eastman 2012), and they are mapped in a continuous
scale. Constraints are criterions which limits the alter-
natives under consideration (Clark Labs 2012; East-
man 2012), and they are mapped as Boolean image. In
the Boolean images of each class, a value of either 1 or

Table 3 Accuracy assessment of the 1985, 2000 and 2015 classified images

Land use/land cover 1985 2000 2015
Useraccuracy  Produceraccuracy  Useraccuracy  Produceraccuracy  Useraccuracy  Producer accuracy
Cultivated land 874 89.9 86.8 86.3 89.3 926
Forest 86.2 91 87 90.5 96.4 915
Shrubland 90.7 85.8 864 873 926 853
Grassland 829 76.8 824 813 822 80
Built-up area 8238 88.9 84.1 804 817 90.7
Over all accuracy (%) 86.9 85.8 88.8
Kappa coefficient 0.83 0.81 0.85
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0 was assigned for non constraint and constraint crite-
rions, respectively. The factors and constraints consid-
ered were distance to river, distance to town, distance
to road, proximate to developed area, suitable areas for
conversion to each class, elevation and slope. Suitable
areas for conversion to each class were assigned by giv-
ing the value for the five classes from 0 (no probability
for conversion) to 1 (high probability for conversion).
It was done through in-depth focus group discussions
with agricultural development agents. Slope was consid-
ered as a common constraint for cultivated and built-up
area categories since increasing slope gradient inhabits
both cultivation and built-up purposes. However, slope
was not considered as a constraint for forest, shrubland
and grassland uses. Table 4 presents the details of fac-
tors and constraint considered for each LU/LC class
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with their weights. In-depth focus group discussions
with agricultural development agents and local elders
were held to assign a set of relative weights for a group
of factors, and a very good acceptable consistence ratio
(Clark Labs 2012) for the group of factors considered
were obtained for each class as shown in Table 4. The
factors and constraint were integrated using a Multi-
Criteria Evaluation (MCE) decision support system with
Weighted Liner Combination (WLE) fuzzy membership
function to produce a single suitability map for each
class. To do so, factors were first changed to binary for-
mat from 0 to 255; in which 255 is high suitable and 0 is
none suitable. The factors and constraint maps consid-
ered for each LU/LC class can be found from the Addi-
tional file 1: Appendix where the suitability maps for
each LU/LC class are shown in Fig. 2.

Table 4 Factors and constraints considered and their weights for predicting LU/LC conditions in the Andassa watershed

LU/LC Class Factors

Factor weight

Consistency ratio Constraint and classes considered

Cultivated land Suitable areas for conversion to cultivated land 0.5544 0.02 Slope (>15°-58°)
Proximity to developed land 0.2835
Distance to rivers 0.1112
Elevation 0.0509

Forest Suitable areas for conversion to forest 0.6942 0.01 Slope (None)
Proximate to developed land 0.2103
Elevation 0.0955

Shrubland Suitable areas for conversion to shrubland 0.5396 0.01 Slope (None)
Proximate to developed land 0.2970
Elevation 0.1634

Grassland Suitable areas for conversion to grassland 0.6370 0.03 Slope (None)
Proximate to developed land 0.2583
Elevation 0.1047

Built-up area Suitable areas for conversion to built-up area 04312 0.04 Slope (>13°-58°)
Proximate to developed land 0.2703
Distance to towns 0.1724
Distance to roads 0.0794
Elevation 0.0467

255

Fig. 2 Suitability map of cultivated land (a), forest (b), shrubland (c), grassland (d) and built-up area (e) in the Andassa watershed
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Model validation

Model validation is a fundamental component in any
modeling activity (Pontius and Schneider 2001; Al-sharif
and Pradhan 2013; Singh et al. 2015; Mosammam et al.
2016). To check the quality of CA-Markov model in sim-
ulating future LU/LC conditions, the model was validated
(Giriraj et al. 2008; Adhikari and Southworth 2012; Al-
sharif and Pradhan 2013; Omar et al. 2014) after simulat-
ing the 2015 LU/LC conditions using the 1985 and 2000
classified images. Then, the simulated and the actual
2015 LU/LC maps were compared using the “Relative
Operating Characteristic (ROC)” (Pontius and Schneider
2001) tool accessible in the IDRISI module. Furthermore,
Kappa indexes (Mosammam et al. 2016) such as Kappa
for no information (Kno), Kappa for location (Kloca-
tion), Kappa for stratum-level location (KlocationStrata)
and Kappa for standard (Kstandard) (Clark Labs 2012;
Omar et al. 2014; Mosammam et al. 2016) were also used
to compare the agreements of the two maps. In addition,
comparisons of the simulated and the actual area of each
LU/LC class were also done.

Land use/land cover change

Change analysis is usually done to demonstrate the pat-
terns of changes and to make useful decisions. After
classification of images and projection of the 2030 and
2045 conditions, comparisons (Gete and Hurni 2001;
Belay 2002; Schulz et al. 2010; Abate 2011; Rawat and
Kumar 2015; Mosammam et al. 2016) between the sub-
sequent periods were made to illustrate the changes
between the periods. Conversion matrix (Mekuria 2005;
Giriraj et al. 2008; Diress et al. 2010; Teferi et al. 2010;
Abate 2011; Rientjes et al. 2011) between 1985 and
2000, 2000 and 2015, 2015 and 2030, and 2030 and 2045
periods were also done to distinguish the changes of
each category at the expense of others. In addition, per-
cent of change (Ebrahim and Mohamed 2017) and rate
of change (Abate 2011; Temesgen et al. 2014a) was also
computed to demonstrate the magnitude of the changes
experienced between the periods using Eqs. 3 and 4,
respectively.

X-Y
Percent of change = ( 7 ) * 100 3)

X-Y
~ ) 4)

where, X is area of LU/LC (ha) in time 2, Y is area of LU/
LC (ha) in time 1, Z is Time interval between X and Y in
years.

Furthermore, trends of LU/LC changes from 1985 to
2045 periods were also illustrated.

Rate of change(ha/year) = (

Page 6 of 15

Methods of exploring the drivers of land use/land cover
changes

It is generally apparent that LU/LC changes are driven
by the interaction of natural and human forces (Meyer
and Turner 1994; Belay 2002). The natural drivers such
as climate change are felt after extended periods of time
(Woldeamlak 2002; Ebrahim and Mohamed 2017). How-
ever, human drivers are immediate and often radical
(Woldeamlak 2002). Whatever their speed and magni-
tude, most LU/LC changes have occurred due to human
drivers (Gete and Hurni 2001). Hence, exploring the
trend of population growth and its association with the
observed LU/LC changes is very much crucial.

Thus, to appreciate the trend of population growth and
its association with the observed LU/LC in the studied
watershed, population data of the 1994 and 2007 cen-
sus reports (CSA 1994, 2007) were used. As it is true in
most of the time, obtaining population data of the entire
studied watershed was indisputably difficult (Woldeam-
lak 2002; Ebrahim and Mohamed 2017). Due to this, the
smallest administrative units called Kebeles whose entire
areas are within the studied watershed were used for this
purpose. Accordingly, ten Kebeles from the three admin-
istrative Districts (Bahir Dar Zuria, Mecha and Yilmana
Densa) were purposefully selected. Using the data, vari-
ous statistics such as growth between 1994 and 2007,
rate of growth (%) and doubling time in years were com-
puted, and associated with the observed LU/LC changes.
Rate of growth (%) and doubling time in years was calcu-
lated using Eqgs. 5 and 6 (Woldeamlak 2002; Abate 2011),
respectively.

1l Pt2 100

r=—-In{ — | *

n \Ptl &)
DT =70/r (6)

where, r is growth rate in percent, Pt2 is the population
at time 2, Pt1 is the population at time 1, n is the number
of years between time 1 and time 2, and DT is doubling
time in year.

To asses other drivers of LU/LC changes, focus group
discussions with local elders and agricultural develop-
ment agents were also carried out.

Results and discussion

Land use/land cover change analysis

Analysis of LU/LC patterns in the studied watershed indi-
cated the growth of cultivated land and built-up area at
the expense of vegetative cover types over the last three
decades (Table 5; Fig. 3). During these periods, cultivated
land has expanded from 62.7% in 1985 to 73.1% in 2000,
and again to 76.8% in 2015 (Table 5). Between 1985-2000
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Table 5 Area of LU/LC class from 1985 to 2015 periods in the Andassa watershed

Land use/land cover 1985 2000 2015
Area (ha) Percent (%) Area (ha) Percent (%) Area (ha) Percent (%)

Cultivated land 36,820 62.7 42,925 73.1 45,108 76.8

Forest 2068 35 1504 26 1138 19
Shrubland 15377 26.2 10,447 17.8 8992 153
Grassland 4461 76 3783 64 2850 49

Built-up area 35 0.1 101 0.2 672 1.1

Total 58,760 100 58,760 100 58,760 100

and 2000-2015 periods, it was increased by 16.6 and
5.1%, respectively. The rate of increment during 1985-
2000 and 2000-2015 periods were 407 and 145.5 ha/year,
respectively (Table 6). Similarly, built-up area had also
increased from 0.1 to 0.2% and to 1.1% in 1985, 2000 and
2015 periods, respectively (Table 5). During 1985-2000
and 2000-2015 periods, built-up area increased by 192.5
and 562.8%, respectively (Table 6). The rapid percent
change taken place in built-up area during these periods
is associated with the nearest location of Bahir Dar town
to the study site as can be seen most of the increased in
built-up area occurred in the north-eastern areas of the
studied watershed. This reason was also mentioned dur-
ing focus group discussions of agricultural development
agents. In contrast, forest, shrubland and grasslands had
decreased in the whole study periods. For example, for-
est coverage decreased from 3.5% in 1985 to 2.6% in 2000
and to 1.9% in 2015 (Table 5) with the annual diminish-
ing rate of 37.6 and 24.4 ha/year between 1985-2000
and 2000-2015 periods, respectively (Table 6). Similarly,
shrubland and grasslands also decreased at a rate of 328.7
and 97 ha/year, and 45.2 and 62.2 ha/year, respectively,
between 1985-2000 and 2000-2015 periods. During
1985 to 2015 periods, forest, shrubland and grassland
have shown a reduction in size (Table 6).

The finding of this research is consistent with other
studies carried out by Gete and Hurni (2001) in Dembe-
cha area of northwestern Ethiopia; Gessesse and Kleman
(2007) in South Central Rift Valley Region of Ethiopia;
Rientjes et al. (2011) in Upper Gilgel Abbay catchment
of Blue Nile basin; Gebremicael et al. (2013) in Blue
Nile basin; Temesgen et al. (2014a) in Dera District of
northwestern Ethiopia; Solomon et al. (2014) in Birr and
Upper-Didesa watersheds of Blue Nile basin, where the
agricultural land increased significantly where forest land
was shrinking. A study in Shomba and Michity catch-
ments of Kefa zone (Mekuria 2005) also indicated the
conversion of vegetative lands into non-vegetative lands
between 1987 to 2001 periods mainly for the expansion
of cultivated land and settlement. Studies by Ebrahim

and Mohamed (2017) in Geleda catchment and Solomon
et al. (2010) in Koga watershed also reported the growth
of cultivated lands at the reduction of forest cover in the
respective study periods.

Analysis of land use/land cover conversions

Conversions of LU/LC from one category to another are
common phenomena in LU/LC studies (Belay 2002). The
conversions of one LU/LC category to another between
1985-2000 and 2000-2015 periods are presented in
Tables 7 and 8. The diagonals in the matrix from the
tables are the persistence while the oftf-diagonals are the
conversions from one category to the others. The change
detection analysis indicated the significant conversions in
LU/LC in both periods.

Conversions between 1985 and 2000

In these periods, 8216, 2230, 547 and 1 ha of cultivated
land were converted from shrubland, grassland, forest
and built-up area, respectively. While cultivated land
gained from other LU/LC categories, a significant area
of cultivated land were also reverted to shrubland, grass-
land, forest and built-up area (Table 7). During these
time, some area of built-up were also converted from
cultivated land (47 ha), grassland (26 ha) and shrubland
(2 ha). Although it is a small proportion, 5, 3 and 1 ha
of built-up area were also in reverse converted to grass-
land, shrubland and cultivated land, respectively. Gains
and losses in forest, shrubland and grassland were also
taken place during these periods (Table 7). For example,
8216 ha of cultivated land, 651 ha grassland, 408 ha of
forest and 2 ha of built-up area were altered from shrub-
land. In reverse, a considerable area of shrubland were
also reverted from cultivated land (3009 ha), grassland
(794 ha), forest (542 ha) and built-up area (3 ha).

Conversions between 2000 and 2015

During these periods, 4598, 322, 207 and 148 ha of shrub-
land were converted to cultivated land, forest, grassland
and built-up area, respectively. About 2484, 513, 110 and
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Land use/cover of 1985, 2000 and 2015 of the Andassa watershed
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Table 6 Percent and rate of changes occurred in the Andassa watershed from 1985 to 2015 periods
Land use/land cover Percent change Rate of change (ha/year)

1985-2000 2000-2015 1985-2015 1985-2000 2000-2015 1985-2015
Cultivated land +16.6 +5.1 4225 +407 41455 +276.3
Forest —27.3 —24.3 —45 —376 —244 —31
Shrubland —32.1 —139 —415 —328.7 —97 —212.8
Grassland —15.2 —24.7 —36.1 —452 —62.2 —537
Built-up area 41925 +562.8 418384 +44 +38 +21.2
Table 7 Transition area matrix (ha) between 1985 and 2000 periods in the Andassa watershed
1985 2000

Cultivated land Forest Shrubland Grassland Built-up area Total
Cultivated land 31,930 119 3009 1715 47 36,820
Forest 547 948 542 30 2068
Shrubland 8216 408 6099 651 15,377
Grassland 2230 29 794 1382 26 4461
Built-up area 1 0 3 5 26 35
Total 42,925 1504 10,447 3783 101 58,760
Table 8 Transition area matrix (ha) for the period 2000 and 2015
2000 2015
Cultivated land Forest Shrubland Grassland Built-up area Total

Cultivated land 37,721 180 2724 1969 331 42,925
Forest 297 619 575 12 0 1504
Shrubland 4598 322 5171 207 148 10,447
Grassland 2484 16 513 660 110 3783
Built-up area 9 0 9 2 82 101
Total 45,108 1138 8992 2850 672 58,760

16 ha of grassland were also reverted to cultivated land,
shrubland, built-up area and forest, respectively. An esti-
mated 575, 297, 12 ha of forest were also converted to
shrubland, cultivated land and grassland, respectively.
Similarly, shrubland, grassland and forest were also gained
from other LU/LC categories (Table 8). In these periods,
a significant area of cultivated land were converted from
shrubland (4598 ha), grassland (2484 ha), forest (297 ha)
and built-up area (9 ha). In reverse, there was also a con-
siderable conversion of cultivated land to other categories.
A significant amount of gains and losses in built-up area
was also occurred in these periods (Table 8).

Generally, during the two periods the conversion of
cultivated land from shrubland is higher than any other

category of conversions. Studies conducted in various
parts of the country also reported the conversions of one
category to others. For instance, a study in northern Afar
rangelands (Diress et al. 2010) reported the conversions
of scrubland, bushy grassland, and grassland to cultivated
land between 1972 and 2007 periods. Woodlands were
converted to bushland, scrubland and bushy grassland.
Similarly, a study in Upper Gilgel Abbay catchment of
Blue Nile basin between 1973 and 2001 periods (Rientjes
et al. 2011) also reported the conversions of one category
to the other and the gains and losses between each cat-
egory. During 1973 to 1986 and 1986 to 2001 periods, the
greatest conversions taken place were the conversions of
shrubland, forest and grassland into cultivated lands.
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Drivers of land use/land cover changes

It is quite observed that, population has grown in the
studied watershed through 1994 to 2007 periods. The
increase of population between these periods varied
from 11% in Wetet Ber Kebele to 51% in Kimbaba Kebele
(Table 9). Population growth increases demands of more
cultivated land, fuel wood, charcoal and infrastructural
development; which leads to vegetative cover losses.
Hence, the increased of population number is certainly
the primary driver of LU/LC changes in the studied
watershed as observed in the sample Kebeles (Table 9),
which was manifested largely through the expansion of
cultivated lands at the expense of vegetative land covers
(Table 4). A result from focus group discussions has also
confirmed that the reduction of land productivity, which
leads the intension of the people for getting new fertile
cultivable lands, is the other important driver to these
changes.

Similar with the conclusion drawn above, population
growth was also the most important factor for the LU/
LC dynamics in the Chemoga watershed of northwest-
ern highland of Ethiopia (Woldeamlak 2002); Dendi
District, Ethiopia (Berhan 2010); Dera District of north-
western Ethiopian highlands (Temesgen et al. 2014b) and
Geleda catchment of northwestern highlands (Ebrahim
and Mohamed 2017) to mention among others. Similarly,
Hurni et al. (2005) also noted that population increment
from the mid to the turn of the twentieth century at the
country level (Ethiopia) accelerated deforestation and
intensified cultivation.

Future land use/land cover change

CA-Markov model validation

Visual comparison of the 2015 simulated and actual maps
(Fig. 4a, b) are reasonably similar. The area extent of the
two maps (Table 10) also illustrates the acceptable range
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of decisions, in which agriculture accounts 77.1 and
76.8% in the simulated and actual maps, respectively. In
addition, there are also approximately equal proportions
of forest, shrubland and grasslands between the simu-
lated and the actual maps. The less effective projected
LU/LC category is built-up area. This is due to models’
less ability in capturing the randomly new developed
areas. Validations through different statistics have been
also done, and ROC value of 89.5% was achieved. All the
kappa statistics such as Kno (87.7%), Klocation (82.2%),
KlocationStrata (82.2%) and Kstandard (81.6%) were also
above 80% (Table 10), which indicates the good perfor-
mance of the model in simulating future LU/LC condi-
tions (Singh et al. 2015; Mosammam et al. 2016).

The predicted land use/land cover

The projected 2030 and 2045 LU/LC conditions using
CA-Markov model are indicated in Fig. 5a, b while their
area coverage is presented in Table 11. According to the
resulted maps, the area of cultivated land has grown
from 76.8% in 2015 to 83.3% in 2030 and to 85.8% in
2045. A continuous increase of built-up area have been
also observed from 2015 (1.1%) to 2030 (2%) and to 2045
(5.9%) periods. In contrast, a diminishing of forest cover
from 1.9 to 1.5% and to 1.3%; shrubland from 15.3 to
9.2% and to 4.7% and grassland from 4.9 to 4% and to
2.3% were observed through 2015, 2030 and 2045 peri-
ods, respectively. In general, the increased of cultivated
land and built-up area at the cost of vegetative LU/LC
classes will be observed through 2015, 2030 and 2045
periods.

Future land use/land cover conversions

The LU/LC conversions occurred between 2015-2030
and 2030-2045 periods (Tables 12 and 13) are presented
below:

Table 9 Population number and growth rate in the sample Kebeles of the Andassa watershed

Name of Kebele District 1994 2007 Growth Change Growth rate (%) Doubling time
between 1994 between 1994 between 1994 in years (after
and 2007 and 2007 (%) and 2007 2007)

Sebatamit Bahir Dar Zuria 5624 6281 657 12 0.85 82

Wenedata Bahir Dar Zuria 2965 3588 623 21 147 48

Kimbaba Bahir Dar Zuria 6182 9309 3127 51 3.15 22

Alahayi Bahir Dar Zuria 4209 5123 914 22 1.51 46

Feres Woga Bahir Dar Zuria 4933 5786 853 17 1.23 57

Genebe Sosetu Bahir Dar Zuria 5050 5867 817 16 1.15 61

Wetet Ber Mecha 5223 5802 579 Il 0.81 87

Braget Mecha 6282 7719 1437 23 158 44

Felege Berhan Mecha 5343 6409 1066 20 140 50

Abeyot Fere Yilmana Densa 5726 7135 1409 25 1.69 41
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Conversions between 2015 and 2030

Within these periods, 3890, 1218, 113 and 36 ha of culti-
vated land were gained from shrubland, grassland, forest
and built-up area, respectively. About 389, 135 and 39 ha
of built-up area were also reverted from cultivated land,
shrubland and grassland, respectively. Although culti-
vated and built-up area gained from other categories,
there was also a significant loss of cultivated and built-up
area to other categories (Table 12). Between these peri-
ods, there was a huge loss of forest, shrubland and grass-
land to other categories. For example, about 3890, 135,
69 and 4 ha of shrubland were converted to cultivated
land, built-up area, grassland and forest, respectively.
About 141, 113 and 5 ha of forest were also converted
to shrubland, cultivated land and grassland, respectively.
The grassland converted to cultivated land, built-up area,
shrubland and forest were 1218, 39, 11 and 1 ha, respec-
tively. In contrast, forest, shrubland and grassland were
also gained from other categories (Table 12).

Conversions between 2030 and 2045

A significant conversion of LU/LC categories has been
also taken place between these periods (Table 13). For
example, 2466, 1083, 103 and 20 ha of cultivated land

Table 10 The simulated and the actual land use/land cover
area (ha) of the Andassa watershed in 2015

Land use/land Simulated Actual

cover

Area (ha) Percent (%) Area(ha) Percent (%)

Cultivated land 45313 77.1 45,108 76.8
Forest 1167 20 1138 19
Shrubland 9149 15.6 8992 153
Grassland 2917 50 2850 49
Built-up area 214 04 672 1.1
Total 58,760 100 58,760 100

were reverted from shrubland, grassland, forest and
built-up area, respectively. A considerable area of culti-
vated land (2115 ha), shrubland (117 ha) and grassland
(41 ha) were also converted to built-up area. A substan-
tial area of cultivated land and built-up area were also
reversed to other categories. In contrast, there was also
a huge conversion of forest, shrubland and grassland to
other categories. For instance, 103, 34 and 2 ha of forest
were converted to cultivated land, shrubland and grass-
land, respectively. An estimated 2466, 117, 80 and 2 ha of
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Table 11 The projected LU/LC area in 2030 and 2045 in the Andassa watershed
Land use/land cover 2030 2045 2030-2045
Area (ha) Percent (%) Area (ha) Percent (%) Percent change Rate of change (ha/year)
Cultivated land 48,932 833 50,425 85.8 +3 +99.5
Forest 898 1.5 763 1.3 —15 -9
Shrubland 5391 9.2 2780 4.7 —484 —174
Grassland 2342 4.0 1344 23 —426 —66.5
Built-up area 1197 20 3448 59 +188 +150
Total 58,760 100 58,760 100
Table 12 Land use/land cover conversion matrix (ha) for the period 2015 and 2030
2015 2030
Cultivated land Forest Shrubland Grassland Built-up area Total
Cultivated land 43,676 15 343 685 389 45,108
Forest 113 879 141 5 0 1138
Shrubland 3890 4 4895 69 135 8992
Grassland 1218 1 M 1582 39 2850
Built-up area 36 0 0 0 635 672

Total 48932 898 5391 2342 1197 58,760
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Table 13 Land use/land cover conversion matrix (ha) for the period 2030 and 2045

2030 2045
Cultivated land Forest Shrubland Grassland Built-up area Total
Cultivated land 46,753 3 17 45 2115 48932
Forest 103 758 34 2 0 898
Shrubland 2466 2 2727 80 117 5391
Grassland 1083 0 2 1215 41 2342
Built-up area 20 0 0 2 1175 1197
Total 50,425 763 2780 1344 3448 58,760
60,000 general. Hence, reversing the projected conditions is very
50000 much important for maintaining the productivity of the
' /_/" studied watershed.
3 40,000
§ 30000 Recommendations
< 20,000 It is recommended that experts of environment, conser-
10,000 vation, resource management and sustainability, ecology,
A —— ————  ———— biodiversity and eco-system are required to develop a
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Fig. 6 Trends of land use/land cover changes from 1985 to 2045 in

the Andassa watershed

shrubland were also converted to cultivated land, built-
up area, grassland and forest, respectively. The grassland
reverted to cultivated land, built-up area and shrubland
were 1083, 41 and 2 ha, respectively. Even though, forest,
shrubland and grasslands experienced a significant losses
(Table 13), there was also a gain of forest, shrubland and
grassland from other categories.

Generally, cultivated land and built-up area have
shown an increasing trend from 1985 to 2045 periods.
In contrast, vegetative land cover types such as for-
est, shrubland and grasslands are in a decreasing trend
(Fig. 6).

Conclusion

Significant amount of LU/LC conversions had occurred
from 1985 to 2015 periods in the Andassa watershed.
Cultivated land and built-up area had increased in the
period of 1985 to 2015. In contrast, forest, shrubland
and grassland have decreased in coverage. The trend
of increasing in cultivated land and built-up area and
decreasing in forest, shrubland and grassland LU/LC cat-
egories are expected continued in 2030 and 2045 periods.
Population growth and reduction of land productivity
are the drivers of such changes. If the trends of LU/LC
changes continued, it will have implications on increas-
ing soil loss and impacting the hydrology of the stud-
ied watershed in particular and the Blue Nile basin in

plan for sustainable use of the site to ensure its functions
for the next generations.
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