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Lake Hawassa Watershed in the Main Ethiopian Rift Valley has experienced significant land use and
land cover (LULC) changes over the last four decades. Challenges facing policy makers and resource
managers are the insufficient or total lack of data on LULC changes both at local and regional levels.
Accurate information about the extent and rates of LULC conversions is needed in order to avoid
overuse and damage of the landscape beyond recovery. This research aims at quantifying the spatial
and temporal extent of LULC changes and the underlying driving forces (UDFs) over the study pe-
riod 1973–2011 using remotely sensed data and key informant interviews. A cross-tabulation matrix
was used to quantify LULC conversions between successive dates, while key informant interviews
identified five major UDFs: demographic, economic, institutional, technological, and biophysical fac-
tors. The study area is one of the most densely populated regions in Ethiopia. The result of remote
sensing analysis revealed that built-up area expanded at a rate of 12.7% annually between 1973 and
2011 and in absolute terms the increase represents 1.7% of the total area. The highest rate of decline

in forest cover occurred during the 1973–1985 temporal interval accounting for –2.6% yr–1, while con-

version in woody vegetation was the highest (–2.1% yr–1) between 1985 and 1995. Cropland expan-

sion, typical for the current study area, was estimated at 29.4% (183.8km2) between 1973 and 2011.

On the other hand, cropland lost about 18km2 of its area to built-up between the same temporal in-
stants indicating that the LULC conversions were multi-directional and significant in magnitude.
Generally, LULC conversions are continuing to take place in the area, but a slight deceleration was
observed in the expansion of cropland which could be explained either for shortage of land for further
expansion or that the remaining land is not suitable for development. 
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1. Introduction
Ethiopia is known as the cradle of human-
kind. For thousands of years people have
been living in the area, interacting and
transforming the natural environment
(Brink et al., 2014). Humans have always de-
pended on natural resources for deriving
food, freshwater, timber, fiber, and fuel (Gul-
er et al., 2007; Ramankutty and Foley, 1999).
However, over the past decades such human

interventions have been largely affecting the
LULC and its rate of conversion has been
higher than in any preceding period in hu-
man history. Such human induced changes
have caused adverse effects on both society
and the environment. 

Landscapes in the Lake Hawassa Water-
shed have undergone extensive LULC con-
version. Vegetated areas have been over-
whelmingly replaced by crop land. At the
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same time, some farmyards were converted
into vegetation/perennial crops, bare land
and built-up areas over the study period. It is
not surprising to see the dominance of crop-
land, as agriculture at subsistence level is
the mainstay of the economy. More than 85%
of Ethiopia’s population depends on agricul-
ture. The country is economically underpriv-
ileged, basic resource need outstrips supply
and nature is put under pressure by uncon-
trolled population growth (Wondafrash and
Tessema, 2011). Around 2005 (DELTA, 2005)
the average cultivable land size per house-
hold in the Lake Hawassa Watershed was
about 0.58ha. 

In the present study area, agricultural
production did not keep up with population
growth due to factors such as lack of techno-
logical know-how and the necessary inputs,
land tenure systems, and regime changes fol-
lowing armed conflicts. These factors re-
duced the stewardship of institutions and in-
dividuals to protect natural resources includ-
ing protected areas from destruction. Empir-
ical evidence of LULC conversions obtained
from multi-temporal image analysis can
greatly contribute to a better understanding
and management of available resources, es-
pecially in developing countries where other
kinds of background data are limited or to-
tally lacking (Tekle and Hedlund, 2000).
However, to devise more appropriate mitiga-
tion strategies, studies on LULC conversions
should be integrated with investigation of
their UDFs. 

Landscape changes are considered as one
of the main research topics because changes
in LULC are major factors in the global envi-
ronmental processes (Imam, 2011). Since the
advent of optical satellite based observation
in the 1970s, remote sensing technologies
have played a major role in analyzing and
documenting changes in LULC at regional
and local level. 

Numerous case studies at multiple spatio-
temporal scales have been conducted in dif-
ferent parts of the world to investigate LULC
change dynamics. For instance, Abd El-
Kawy et al. (2010), Guler et al. (2007), and
Mendoza et al. (2011), analyzed LULC con-
versions in Egypt, Turkey, and Mexico, re-
spectively using remotely sensed data. In all

cases, it was confirmed that expansion in ag-
ricultural land, urban areas, and decline in
vegetated areas were prevalent with the only
exception in Turkey. In Turkey, a slight de-
crease in agricultural land was reported ow-
ing to irrigation practices and shortage of
suitable land for further expansion. Other
investigations performed within Ethiopia
have displayed a similar scenario. The LULC
change analysis undertaken (Tekle and Hed-
lund, 2000; Zeleke and Hurni, 2001) in the
northern and northwestern part of Ethiopia,
respectively have indicated a widespread
clearance of vegetation, including natural
forests and expansion of cultivated land be-
tween 1957 and 1995. These are some of the
areas with the highest land degradation in
the country due to high population pressure
and shortage of land. The farming communi-
ty is compelled to cultivate marginal lands
and steep slopes (>30%). Recent studies car-
ried out in the central Rift Valley (Arsi Nege-
le district) between 1973 and 2006 (Garedew
et al., 2009), and at Hare River Watershed in
the Southern Rift Valley (Tadele and Forch,
2007) from 1967 to 2004, estimated cropland
expansions comparable to the results ob-
tained in the current study. In the Arsi Nege-
le district, a site adjacent to our study area,
the cropland doubled between 1973 and
2006, while woodland cover declined from 40
to 9%. In the Hare River Watershed, farm-
land and settlement grew from 28.3% in
1975 to 52% in 2004, whereas vegetation cov-
er declined from 28.4 to 16.2% from 1975 to
2004. Though it cannot be ascertained con-
clusively that these problems are nationwide
with the limited number of reports, these are
indications that the country’s natural re-
sources are at stake and that the biophysical
resources need to improve in order to support
millions of people. Classified image data
(Wondrade et al., 2014) also indicated that
the study area has undergone extensive
LULC changes. However, current research
was needed to quantify the pathways of
LULC conversions and identify underlying
driving forces that could serve as an input
when developing mitigation strategies.

Remote sensing technologies are suited for
capturing LULC conversions (Rogan and
Chen, 2004) at a variety of spatial scales
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with no information on what have caused the
changes. The current study employed remote
sensing and key informant interviews to
quantify LULC conversions and their causa-
tive factors. Different views exist regarding
the relationship between LULC changes and
the UDFs in the tropics. Several authors
(Castillo-Santiago et al., 2007; Mather and
Needle, 2000) have concluded that popula-
tion pressure is one of the major causes of de-
forestation and degradation of the land,
while Mendoza et al. (2011) associated the
main driving forces of LULC change in devel-
oping countries to the rapid population
growth, poverty, and welfare condition. Rap-
id socio-economic development (Zhang et al.,
2010), fire (Jones et al., 2011), and deforest-
ation, large scale logging, firewood collection
and charcoal burning, overgrazing, and fire
(Jianzhong et al., 2005) have alternately
been described as the main drivers of LULC
change and forest decline. Deforestation and
LULC changes are attributed to multiple
factors (demographic, economic, technologi-
cal, political/policy and institutions, biophys-
ical, and cultural) acting synergistically
rather than by a single factor (Burgi et al.,
2004; Geist and Lambin, 2002; Lambin et al.,
2003). Based on the interviews carried out
with key informants in the watershed, the
five most prominent UDFs of LULC change
(demographic, economic, technological, insti-
tutional, and biophysical factors) were iden-
tified.

It is challenging to reverse land cover deg-
radation while at the same time meeting the
growing demands of people for more goods
and better services, particularly in areas
with land scarcity that are inhabited by re-
source-poor farmers. Thus, to sustainably
manage natural resources, it is necessary to
know the extent of changes and their causa-
tive factors. Literature review has not found
published documentation on the state of
LULC changes and the driving forces in the
Hawassa area. That is why this research was
undertaken in the Lake Hawassa Watershed
to apply remote sensing and field survey
techniques for the attainment of the follow-
ing specific objectives: to (1) quantify the
spatial and temporal dimensions of LULC
conversions from the classified Landsat im-

ages extending over a period of 38 years, (2)
identify the most prominent UDFs of LULC
changes through key informant interviews,
and (3) provide analysis of the identified
driving forces with a particular focus on
LULC conversions and deforestation. We be-
lieve that the analysis performed provides
useful information for planning and manage-
ment of the Watershed. 

2. Materials and methods
2.1. Study area description
The study area is located in the center of the
Great East African Rift Valley, at times
called the Afro-Arabian Rift. It is found
275km south of Addis Ababa, the capital city
of Ethiopia, and covers a total of 1435km2.
Its extreme coordinates are 649 and 714 N
latitude and 3816 and 3844 E longitude.
The study area contains 77% of the Southern
Nations, Nationalities, and Peoples Regions
(SNNPR) and 23% of the Oromiya Region.
Districts (Weredas) partly within the study
site include Hawassa zuria, Arbegona, Bori-
cha, Shebedino, Siraro, Shashemene, Kofele,
and Kokosa (Figure 1), the first four being in
SNNPR. 

Hawassa and Shashemene cities, located
at the center and northern edge of the study
area, respectively, are the major urban
centers and have a combined population of
432 445 (CSA, 2011). Based on the same
source, this study area is one of the most
densely populated regions in Ethiopia with
estimated values ranging from 111 to 677
persons/km2 for rural inhabitants and 1950
persons/km2 for the Hawassa City. The aver-
age number of people living in the watershed
in 1973 was estimated at 44 086 (CSA, 1975),
a number which had increased to 1 103 507
by the year 2014 (BoFED, 2014). These fig-
ures were estimated based on the population
density of provinces and districts for the year
1973 and 2011, respectively since there are
no population data at watershed level. The
sharp increase of the population in the wa-
tershed is an indication of the continuing in-
flux of people to Hawassa, the region’s capi-
tal city. 

This area was rich in flora and fauna
(Lemma, 2005) and has historically support-
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ed human related activities, such as agricul-
ture, livestock grazing, fishing, recreation,
extraction of wood for construction materials
and household fuel. The average annual pre-
cipitation varies between 821 and 1307mm,
the highest being in the Wondo Genet area.
Average temperatures generally range be-
tween 12.5 and 27.2°C, but are as low as
10.6°C up in the Abaro Mountain. Both
mean precipitation and temperatures were
calculated from 20 years of meteorological
data recorded from the stations within the
site. According to reports from previous stud-
ies (DELTA, 2005; MWUD, 2006), there have
been significant LULC changes in the Lake
Hawassa Watershed since 1965. The topog-
raphy of the watershed ranges from flat-
lands, gentle sloping land to dissected es-
carpments, and mountainous regions. The
study area features altitudes between 1675
and 2980m above sea level and it is charac-
terized by two complex calderas, volcanic

features formed by the collapse of lands fol-
lowing volcanic eruptions. The Hawassa cal-
dera is a giant elliptical depression 30–40km
wide (Esayas, 2010; Gebreegziabher, 2004)
on the Rift Valley floor, while the Korbetti
caldera which is found in Siraro and partly
in Hawassa zuria districts, north west of
Lake Hawassa, is a nested caldera within
the Hawassa caldera. The eastern and north
eastern highlands had more vegetation cover
than areas at lower altitudes, while the west-
ern part of the watershed is poorly vegetated
and severely affected by erosion. The soils
are formed on volcanic sedimentary rocks
and are predominantly sandy loam, loamy
sand to sandy loam, heavy clay, and sandy
clay loam (Lemma, 2005). 

2.2. Datasets and image classification
The main sources of data in this study were
multi-temporal satellite images and field
surveys augmented by census reports, mete-

Figure 1. Maps showing location, climatic data, and administrative districts of the study
area.
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orological data, and documented facts. Popu-
lation data were collected from the Central
Statistical Abstracts of Ethiopia and Bure-
aus of Finance and Economic Development. 

Spatial analysis of LULC conversions re-
lied on Landsat Multispectral Scanner
(MSS) image data from 1973 and Thematic
Mapper (TM) image data from 1985, 1995,
and 2011 along with ancillary data such as
topographic maps and aerial photographs.
Considerable evidence is available (Love-
land, 1999) demonstrating the use of Land-
sat data for investigating contemporary
LULC conversions. The selected TM images
have been geometrically corrected and geo-
referenced by the image provider to the UTM
(Universal Transverse Mercator) projection
with a processed spatial resolution of 30m.
The MSS image was resampled to be compa-
rable to TM images. Topographical maps
were used as a reference to register all the
Landsat images in ERDAS Imagine and the
precision of spatial registration of MSS and
TM images was less than one pixel. To aid
classification and accuracy assessment, loca-
tions were determined using a Global Posi-
tioning System and visual interpretation.
The overall accuracies were between 82.5
and 85%. The user’s and producer’s accura-
cies were all reasonable, but as expected
there were some difficulties in discerning
cropland and grassland covers. Upon com-
pletion of classification by applying a hybrid
method, multi-date post classification com-
parison was performed to quantify the spa-
tial distribution of LULC changes. A more
comprehensive review of the image analysis
and its accuracy assessment can be found in
Wondrade et al. (2014). 

2.3. Field survey to identify underlying 
driving forces 
The advantage of using remote sensing was
that it allows mapping and monitoring of
LULC changes. However, this bio-physical
approach gives no information on why chan-
ges occur (Garedew et al., 2009). A field sur-
vey was then combined with multi-date
image data analysis in order to identify the
UDFs of LULC conversions. In this research
setting, key informant interviews were used
as a tool to collect information about the dri-

ving forces. The interview questions were
focused on identification of the major LULC
types, changes that have occurred, and the
possible UDFs of changes. The interviews
were conducted with a total of 27 selected
key informants within the Lake Hawassa
Watershed. Of this number, 7.4 and 92.6%
were female and male, respectively. The
survey was conducted in January and Fe-
bruary, 2012, involving farmers, forest te-
chnicians, GIS experts, forest guards, rese-
archers, and experts from the regional bure-
au of agriculture, the forestry college, and
the city municipality. During the selection
of interviewees, purposive sampling focu-
sing on their knowledge of the watershed’s
natural resources development was used. It
was observed that the memory gaps of youn-
ger informants were higher for the time
span that refers back to 1973 compared to
older respondents. Previous reports, acade-
mic theses, and published papers were also
used as supplemental sources to identify
driving forces.

2.4. Land use land cover conversions 
To derive the spatial distribution of LULC
conversions in the Lake Hawassa Waters-
hed, cross-tabulation matrices were created
through a spatial overlay of successive the-
matic maps (Figure 2a–d), in ERDAS Ima-
gine. Cross-tabulation matrices are tables
with systematic arrays, composed of the
LULC classes from the initial year in one
axis and the same classes from the subsequ-
ent year in the other axis. Each cell of the
main diagonal of the matrix contains the
surface area (in km2) of each class that re-
mained unchanged during the time period
evaluated, while the remaining cells con-
tain the estimated surface area of a given
LULC class that changed to a different
class during the same time period (Mendoza
et al., 2011). The tables facilitated the de-
termination of the quantity of LULC con-
versions taking the advantage of «from-to»
change information for each of the nine
established cover classes. Recent studies
(IPCC, 2003; Zhou et al., 2008) have shown
that remote sensing is the most direct and
cost-effective tool that can be used for verifi-
cation of LULC classes and conversions.
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Due to unequal length of temporal inter-
vals (12, 10, and 16) and undoubtedly une-
ven distribution of LULC conversions within
each temporal interval, it was necessary to
estimate the average temporal and annual
rates of change of LULC type for the purpos-
es of comparison. The annual rates of change
were computed by dividing the temporal

rates of change by the number of years in the
interval (Sleeter and Raumann, 2006;
Zhang et al., 2010), which is calculated ac-
cording to the following formula: Ra = Rt/Y,
and Rt = (Ac – Ap)/Ap * 100, where Ra and Rt
are the annual and temporal change rates of
the target LULC type, respectively; Ac – Ap
are the area of the target LULC type at the

Figure 2a. Patterns of LULC conversions between selected dates. Modified based on Wondrade
et al. (2014).
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current and previous study points in time,
respectively; and Y is the length of the
study period measured in the unit of years.
Calculating annual change rates by apply-
ing algebraic or geometric progression was
not found meaningful owing to uneven dis-
tribution of LULC changes across each year
and unequal temporal intervals.

3. Results and discussion
3.1. Dynamics of land cover conversions
From the total study area, about 548km2

(38.2%) has experienced change in LULC for
the analyzed 38 year time period. Nearly
396km2 (27.6%), 425km2 (29.6%), and
465km2 (32.4%) of land have been converted
into other LULC classes for the 1973–1985,

Figure 2b. Patterns of LULC conversions between selected dates. Modified based on Wondrade
et al. (2014).
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1985–1995, and 1995–2011 epochs, respecti-
vely. In the year 1973 vegetated area such as
forest, woody vegetation, scrub, and grass-
land represented 10.3%, 21.0%, 6.6%, and
5.0% of the total LULC, respectively. How-
ever, several drivers had transformed the
landscape with a predominant trend of vege-
tation cover being converted to cropland. 

Cropland: This pattern of cropland expan-
sion appears to be typical for the area and

was in agreement with the findings of Rem-
bold et al. (2000) in the lakes region, north of
our study site, between 1972 and 1994 and
that of Fikir et al. (2009) in Eastern Tigray,
Ethiopia between 1965 and 2005. As antici-
pated, the cross-tabulation matrices contain-
ing LULC conversions revealed a considera-
ble increase (29.4%) in cropland between
1973 and 2011, the largest in spatial cover-
age. During 1973–1985, 86.9km2 from woody

Figure 2c. Patterns of LULC conversions between selected dates. Modified based on Wondrade
et al. (2014).
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vegetation, 41.4km2 from grassland, 14.1km2

from forest, and 13.5km2 from scrub LULC
were transitioned to cropland. Likewise, dur-
ing the interval from 1985 to 1995, 99.8km2

from woody vegetation, 35.7km2 from grass-
land, and 21.8km2 from forest were convert-
ed to cropland.

Cropland also increased significantly dur-
ing 1995–2011 gaining 101.8km2 from woody

vegetation, 31.2km2 from grassland, 27.1km2

from bare land, and 22.2km2 from forest land
cover. On the other hand, cropland lost about
18km2 of its area to built-up between 1973
and 2011 indicating that the LULC conver-
sions were multi-directional and significant
in magnitude. We estimated a yearly rate of
change in cropland at 1.0% for the first two
periods (Table 1). This was in agreement

Figure 2d. Patterns of LULC conversions between selected dates. Modified based on Wondrade
et al. (2014).
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with reports from (Brink et al., 2014) with a
yearly increase rate of arable land and per-
manent crops (0.9%) in the Intergovernmen-
tal Authority on Development in East Africa
(IGAD) region during 1990–2000. However,
the increase in cropland for 2000–2010 was
much higher (1.87%) than the rate in our

study area (0.3%) for 1995–2011. This slight
deceleration in the expansion of cropland
could be attributed either to shortage of suit-
able land for further conversion or that the
remaining area is not suitable for develop-
ment.

Table 1. Temporal and annual rates of LULC change between two dates. 

Apparently, large area conversion from cro-
pland to woody vegetation was evident in all
temporal intervals in the cross-tabulation
matrices (Table 2). These were not actually
conversions to trees, bushes and other natu-
ral vegetation cover, but the conversions were
to perennial crops which were challenging to
discern from other woody vegetation due to
similar spectral signatures of the image data
used for classification. On the other hand,
woody vegetation lost its area to other classes
by 39.9% from 1973 to 1985, 53.0% from 1985
to 1995, and 60.4% from 1995 to 2011. The
major conversions of woody vegetation were
to cropland in all temporal intervals.

Forest: This was the third largest LULC
class in 1973 and the major conversions ob-
served were to woody vegetation and cro-
pland throughout the study period, which
shows the removal and degradation of forest
cover. Forest experienced continuous decline,
–30.8% from 1973 to 1985 and –13.1% from
1995 to 2011 period with a –1.2% annual rate
of change during the whole study time. The
forest cover transitioned to woody vegetation
during 1973–1985, 1985–1995, and 1995–
2011, were 51.2km2, 30.6km2, and 27.5km2,
respectively. 

LULC Classesc (WR) (BP) (CL) (WV) (FT) (GL) (SP) (BL) (SB)

LULC Change (1973–1985)

Difference (km2) –1.9 1.6 74.4 –25.3 –45.6 6.4 9.6 10.3 –28.8

Temporal change rate (%) –1.8 37.0 11.9 –8.4 –30.8 9.0 14.2 56.9 –30.2

Annual change rate (%) –0.1 3.1 1.0 –0.7 –2.6 0.7 1.2 4.7 –2.5

LULC change (1985–1995)

Difference (km2) –1.2 2.8 66.9 –57.1 –9.3 –4.5 –6.7 13.7 –4.8

Temporal change rate (%) –1.2 48.5 9.6 –20.7 –9.0 –5.7 –8.6 48.4 –7.2

Annual change rate (%) –0.1 4.9 1.0 –2.1 –0.9 –0.6 –0.9 4.8 –0.7

LULC change (1995–2011)

Difference (km2) –4.5 16.0 42.4 –23.8 –12.2 –7.9 –6.5 –2.2 –1.2

Temporal change rate (%) –4.5 185.4 5.5 –10.9 –13.1 –10.7 –9.1 –5.2 –1.9

Annual change rate (%) –0.3 11.6 0.3 –0.7 –0.8 –0.7 –0.6 –0.3 –0.1

LULC change (1973–2011)

Difference (km2) –7.5 20.4 183.3 –106.3 –67.0 –5.9 –3.5 21.8 –34.7

Temporal change rate (%) –7.3 480.9 29.4 –35.3 –45.3 –8.3 –5.2 120.9 –36.5

Annual change rate (%) –0.2 12.7 0.8 –0.9 –1.2 –0.2 –0.1 3.2 –1.0
cNote: For the description of abbreviated LULC classes, see Table 2.
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Table 2. Cross-tabulation matrices showing LULC conversions (in km2) between each two dates.

LULC Classes

Year 1985 Total (1973)

Year 1973 WR BP CL WV FT GL SP BL SB –

Water (WR) 99.4 0.0 0.1 0.2 0.1 0.3 3.1 0.0 0.0 103.3

Built-up (BP) 0.0 3.9 0.2 0.1 0.0 0.0 0.0 0.0 0.0 4.2

Cropland (CL) 0.2 1.2 527.4 38.5 2.9 25.4 9.8 19.1 0.7 625.3

Woody vegetation (WV) 1.5 0.4 86.9 181.0 18.7 10.9 1.3 0.5 0.0 301.1

Forest (FT) 0.2 0.0 14.1 51.2 79.8 1.0 0.2 0.2 1.3 148.0

Grassland (GL) 0.1 0.2 41.4 3.2 0.2 19.2 0.8 2.7 4.0 71.8

Swamp (SP) 0.1 0.0 3.6 1.0 0.5 0.3 62.3 0.0 0.0 67.8

Bare land (BL) 0.0 0.1 12.0 0.0 0.0 0.5 0.0 5.5 0.0 18.1

Scrub (SB) 0.0 0.0 13.5 0.3 0.3 20.5 0.0 0.3 60.4 95.2

Total (1985) 101.5 5.8 699.4 275.6 102.4 78.1 77.3 28.4 66.5 1434.9

Year 1995 Total (1985)

Year 1985 WR BP CL WV FT GL SP BL SB –

Water (WR) 97.4 0.0 0.2 0.3 0.1 0.0 3.5 0.0 0.0 101.5

Built-up (BP) 0.0 5.3 0.2 0.3 0.0 0.1 0.0 0.0 0.0 5.8

Cropland (CL) 0.8 3.0 580.2 50.1 10.4 23.1 2.1 27.0 2.8 699.4

Woody vegetation (WV) 0.3 0.3 99.8 129.6 35.0 10.4 0.2 0.1 0.0 275.6

Forest (FT) 0.3 0.0 21.8 30.6 46.5 2.9 0.0 0.0 0.2 102.4

Grassland (GL) 1.2 0.0 35.7 6.3 0.8 24.3 0.2 1.4 8.3 78.1

Swamp (SP) 0.2 0.0 10.3 1.1 0.2 0.6 64.7 0.2 0.0 77.3

Bare land (BL) 0.2 0.1 13.8 0.0 0.0 1.1 0.0 12.7 0.6 28.4

Scrub (SB) 0.0 0.0 4.3 0.2 0.2 11.3 0.0 0.7 49.8 66.4

Total (1995) 100.3 8.6 766.2 218.5 93.2 73.7 70.7 42.1 61.7 1435.0

Year 2011 Total (1995)

Year 1995 WR BP CL WV FT GL SP BL SB –

Water (WR) 93.2 0.0 1.1 0.4 0.2 0.1 5.1 0.2 0.0 100.3

Built-up (BP) 0.1 7.6 0.1 0.6 0.1 0.2 0.0 0.0 0.0 8.6

Cropland (CL) 1.0 14.5 608.2 72.0 15.1 19.6 1.1 26.4 8.4 766.4

Woody vegetation (WV) 1.0 1.5 101.8 86.6 22.6 4.6 0.3 0.1 0.2 218.6

Forest (FT) 0.4 0.1 22.2 27.5 41.2 1.5 0.2 0.0 0.3 93.2

Grassland (GL) 0.1 1.0 31.2 5.8 1.6 23.3 0.4 1.7 8.7 73.7

Swamp (SP) 0.0 0.0 12.1 0.8 0.1 0.5 57.1 0.0 0.0 70.7

Bare land (BL) 0.2 0.1 27.1 1.0 0.1 2.4 0.1 10.5 0.6 42.1

Scrub (SB) 0.0 0.0 4.7 0.1 0.0 13.5 0.0 1.0 42.3 61.6

Total (2011) 95.8 24.6 808.6 194.7 81.0 65.8 64.2 39.9 60.5 1435.2
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From our personal on-site observations
and according to key informants, there were
signs of forest closure at some locations, but
due to low involvement of local people, the
borders were violated by encroaching set-
tlers at several sites. Limited area conver-
sions from cropland to forest were observed
as the result of farmers’ initiative to grow

Eucalyptus trees on their farmstead to par-
tially fulfill their wood demands for fuel and
housing (Figure 3a).

Woody vegetation: In a similar scenario, woo-
dy vegetation cover constantly declined, the
highest loss being –20.7% between 1985 and
1995. The midpoint of this interval coincides

Year 2011 Total (1973)

Year 1973 WR BP CL WV FT GL SP BL SB –

Water (WR) 91.5 0.0 0.3 0.1 0.1 0.0 11.4 0.0 0.0 103.3

Built-up (BP) 0.0 4.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 4.2

Cropland (CL) 1.2 17.8 506.4 44.0 9.7 13.1 0.5 27.1 5.6 625.3

Woody vegetation (WV) 2.4 2.0 168.6 103.2 16.1 8.3 0.1 0.6 0.0 301.2

Forest (FT) 0.3 0.1 46.6 42.6 54.5 2.5 0.1 0.1 1.4 148.1

Grassland (GL) 0.3 0.4 44.7 2.6 0.4 17.0 0.3 3.2 2.9 71.8

Swamp (SP) 0.0 0.0 12.9 1.3 0.1 1.5 52.0 0.0 0.0 67.8

Bare land (BL) 0.0 0.4 9.4 0.1 0.0 0.5 0.0 7.7 0.1 18.1

Scrub (SB) 0.0 0.0 19.6 0.9 0.0 22.9 0.0 1.2 50.7 95.2

Total (2011) 95.8 24.6 808.4 194.7 81.0 65.8 64.2 39.9 60.5 1434.9

Figure 3. (a) Farmers’ initiative to grow Eucalyptus tree on their farmstead (photo by Dessie,
2009), (b) Lake Cheleleka transformed into mudflat and grassland (photo by the author,
2013), (c) Quarrying pit currently used as a disposal site (photo by the author, 2013), and (d)
Destruction of vegetation by overgrazing (photo by Bishaw, 2013).

(a) (b) 

(c) (d)
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with the aftermath of the conflict that resul-
ted in regime change in Ethiopia where con-
trol over natural resources was loose. Simi-
lar reports were published by Gebremariam
et al. (2009) that 1991 precipitated in an un-
precedented period of environmental destru-
ction until full authority was restored in
1993.

The conversion of woody vegetation to for-
est in the area signifies the presence of man-
aged forests and the area that once was cov-
ered by plantation forest could be changed to
woody vegetation in the other temporal in-
terval as grown trees are harvested and left
with understories and coppices. Expansion of
cropland, extensive livestock browsing, and
unwise harvesting of fuel wood were some of
the main causes for the deterioration of
woodlands. 

Built-up: Driven by a constantly accelerating
urban population in recent decades, urbani-
zation has become one of the most dynamic
processes in the context of global land cover
transformations (Bhandari, 2010). Built-up
areas increased by 480.9% over the study pe-
riod and grew at a rate of 37.0%, 48.5%, and
185.4% during the 1973–1985, 1985–1995,
and 1995–2011 periods, respectively. These
are the highest temporal growth rates recor-
ded in each period, except in the first tempo-
ral interval. The largest proportion of land
conversions to built-up area were from cro-
pland in all intervals. The promotion of Ha-
wassa City as a political center of the region
and improvements in investments parti-
cularly since 1995 combined with rapid
growth in the construction sector have con-
tributed to the expansion of built-up area. A
study conducted (Ayenew and Gebreegziab-
her, 2006) in the same watershed between
1965 and 1998 corroborated our findings
that built-up area has shown similar spatial
increase of 185.7%, while (Tekle and Hed-
lund, 2000) reported 192% of urban settle-
ment increase between 1958 and 1986 in
southern Wollo, Ethiopia. Unexpected con-
versions from built-up to other LULC clas-
ses, though it was very small (ca. 0.2km2),
were observed owing to the effect of automa-
tic classification and the coarse resolution of
the images utilized.

Water: It is evident from the cross-tabulation
matrices that the area occupied by water and
swamp decreased by –7.3 and –5.2%, respe-
ctively between 1973 and 2011. Though the
total coverage of water body had decreased
due to the desiccation of Lake Cheleleka, the
surface area of Lake Hawassa had increased
by ca. 3.5km2 owing to the loss of vegetation
cover and subsequent increase in runoff in
the watershed. During the years of abundant
rainfall, a rise in the lake levels were recor-
ded, the highest being 3.83m in November
1998 (MWUD, 2006), which caused inundati-
on of the surrounding area. Such lake level
rises are presumed to be a threat to Hawassa
City, established at its eastern shore. 

Grassland: The coverage of grassland decre-
ased by –8.3% between 1973 and 2011, while
an increase of 9.0% was noted during the
1973–1985 study period. This variation of
temporal change rate in grassland can be
accounted for the land management system
– that means the land that once was covered
by grassland has been converted to cropland
(mechanized farm). This switching of farm-
land to grassland and then back to farm land
again was observed in the northern part of
the study area. This is demonstrated by the
transition of farmland (mechanized farm) to
grassland in 1973–1985 when most parts of
the state farms were abandoned and then in
the next two intervals, grassland lost the
majority of its area to cropland as people
started to occupy and cultivate those sites. It
should also be noted that higher temporal
change rates in grassland were observed
during the period 1995–2011 (–10.7%)
than during the wider interval 1973–2011
(–8.3%). This shows that wider interval change
analysis may mask more change processes
than short intervals and shows one limitati-
on in LULC conversion analysis. We believe
that the opening up of the Landsat archive
and the launching of Landsat Data Continu-
ity Mission will provide a good opportunity
in future research to analyze land use land
cover changes with a more dense time series.

Swamp: The study results indicated an in-
crease (14.2%) in swampy area during 1973–
1985, but in the next two intervals, 1985–
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1995 and 1995–2011, it had continuously de-
creased by –8.6% and –9.1%, respectively.
Between 1973 and 2011, about 19% of the
swampy areas were converted into cropland
as the result of siltation and continuous eva-
cuation of water from the former lake Chele-
leka (Figure 3b). The surface area of Lake
Cheleleka was about 12km2 in 1972, with an
estimated average depth of 5m and a storage
volume of 6 x 107m3 (Ayenew, 2004). Howe-
ver, it has now been converted into mud-flat
and grassland indicating that the transpor-
ted sediments have gradually filled the lake
bed. 

Bare land: This LULC class occupied the
smallest area in all the study years next to
built-up, but changed with the highest rate
(56.9%) in 1973–1985. As the loss of vegeta-
tion cover increased, the bare land cover also
increased during the first two intervals, but
since 1995 when the land for cultivation has
become scarce due to population pressure,
areas previously left as marginal lands have
come under cultivation and two-third of its
area turned into cropland. This in turn has
aggravated land degradation and yield redu-
ction which causes a demand for more land
to cultivate, creating a vicious circle.

Scrub: Scrub was limited to the north-wes-
tern part of the study area. The major con-
versions observed were mainly to grassland
and cropland over the entire period evaluat-
ed. The annual rates of change of scrub were
estimated at –2.5%, –0.7%, and –0.1% during
1973–1985, 1985–1995, and 1995–2011 tem-
poral intervals, respectively. This LULC was
conserved as Swayne’s Hartebeest Sanctua-
ry, but it has frequently been disturbed and
still clearing for farming, construction mate-
rials, and firewood has continued by encro-
aching settlers. 

3.2. Underlying driving forces analysis 
The image analysis has revealed that in
many parts of the study area, landscape
transformations have taken place at a high
rate, but the question of what forces have
driven those changes needed further inves-
tigation. To understand the changes and as-
sociated UDFs, it was necessary to integrate

the use of remote sensing which captures the
LULC conversions and the experience of key
informants who have the knowledge about
the watershed’s natural resource usage to
pinpoint the possible causes of the changes.

Several authors (Burgi et al., 2004; Jones
et al., 2011; Zak et al., 2008) support the no-
tion that land cover conversions are influ-
enced by a variety of factors operating on
more than one spatial and temporal level
and acting not in isolation, but in an inter-
connected effect of several drivers. The inter-
view results on the driving forces were in
agreement with this notion and similar to
the framework of Lambin et al. (2003) for
tropical regions. Though it is difficult to ana-
lyze and represent all driving forces ade-
quately due to their complexity, the assess-
ment result indicated that the LULC conver-
sions in the Lake Hawassa Watershed are
mainly driven by a combination of demo-
graphic, low agricultural technology, institu-
tional, economic, and biophysical factors. 

3.2.1. Demographic factors 
Historically, humans have increased agricul-
tural output mainly by bringing more land
into production by clearing vegetation cover
(Lambin et al., 2003). The clearing of forest
and other woody vegetation has taken place
in Ethiopia for a long time and it continued
at a rate of 141000 ha annually between
2000 and 2010 (FAO, 2011). This is mostly
converted into cropland resulting in reduced
vegetation cover and accelerated soil erosion
(Berry, 2003). 

According to the Census data (CSA, 1973;
BoFED, 2014), the population of Lake Ha-
wassa Watershed increased from 44 086 in
1973 to 1 103 507 in 2014 (Figure 4). Migra-
tion was one of the most important demo-
graphic factors that contributed to popula-
tion increase. Based on interview results and
own observation, most of the LULC conver-
sions were population induced, such as agri-
cultural land clearance and overstocking of
grazing land. Similar interview results
(Dessie and Christiansson, 2008) indicated
that between 1974 and 1975, when the Rev-
olutionary Derg took power, many farmers
from the surrounding villages settled in the
protected Wondo Genet forest which is part
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of this study site. In 1991 during the most re-
cent regime change, a large area of govern-
ment owned forest in this protected area was
extensively felled and converted to farm
land. Increase in population, migration, and
power vacuum all have the effect of increas-
ing pressure on the existing natural resourc-
es. Particularly, population pressure, wors-
ened by low agricultural technology, has sig-
nificantly contributed to the expansion of ag-
ricultural land and excessive extraction of bi-
omass. Earlier works of Nemani and Run-
ning (1995) have shown that increase in
population and the associated pressures are
major driving forces of land cover changes
and contributes to natural resource degrada-
tion. Increase in population creates surplus
labor force and the usual trend for this force
has been to break from the extended family
and start their own family life. However, this
is seldom possible in the area due to shortage
of land and thus, the nuclear family stays
with the extended family for an elongated
period. The recent trends show that this la-
bor force migrates to other undisturbed are-
as in search of farm land or to the urban ar-
eas to look for jobs. Migration to urban areas
in turn contributes to the expansion of built-
up areas. Urbanization is causing deforesta-
tion and permanent soil degradation by re-

placing previously preserved green areas,
parks, and lake side ecosystems. Some of the
key informants noted that the combined ef-
fect of urbanization and soil degradation has
been one of the causes for pollution of water
sources through surface run-off. 

The demand for fuel is critical in Ethiopia
and it is one of the most severe causes of land
degradation. A 1989–90 study (Berry, 2003)
suggests that nationwide 18% of the energy
in rural areas is supplied by dung and crop
residues. Earlier, such residues were left in
the field to serve as organic fertilizer to re-
plenish soil fertility. A similar study conduct-
ed in our research area (Yigrem et al., 2008)
indicated that 18.2% of the households used
animal dung for fuel. Besides, the population
increase has led to a shortage of land and fal-
lowing practice is becoming uncommon
which in turn reduces soil fertility. It is evi-
dent from image interpretation that the 10–
27km2 area was converted from bare land to
cropland in every temporal interval, indicat-
ing the use of more fragile marginal lands
mainly accountable to the increase in popu-
lation. Population growth has exerted more
pressure on vegetated and bare land and this
in turn has caused an increase in demand for
more land and more forest products. As a re-
sult, forest resources have been continuously

Figure 4. Trends of change in selected LULC classes and human population (1973, 1985,
1995, 2007, 2011 and 2014). 
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cleared during the study period. Poverty and
scarcity of agricultural land, is widely con-
sidered as one of the most important precur-
sors of deforestation (Castillo-Santiago et al.,
2007). 

In the current study area, the livestock
population has undergone a parallel increase
to that of human population. The increase in
livestock population has contributed to a
fragmentation of arable land and degrada-
tion of pasture areas. Arable land per capita
declined significantly. In 1994/95, about 61 %
of farming households cultivated less than
one hectare of land and only 1 % of the farm-
ers’ own holdings were greater than 5 hec-
tares (FAO, 2001) and these are likely to be
concentrated in the sparsely populated areas
with low agricultural potential. Agricultural
sample surveys conducted by CSA (1985)
and BoFED (2014) indicated that the live-
stock population (cattle, sheep, goat, donkey,
horse, and mule) in the current study area
increased from 74 810 to 1 136 670. These
numbers refer to private peasant holdings
only and livestock data of cities were not in-
cluded due to unreliable sources. 

According to respondents, the main source
of feed for livestock was natural vegetation
available in the field. As the common grazing
land areas are gradually transformed into
new farms, animals were freely roaming in
the remaining pasture, woodland, and even
in forested areas. The effects of overgrazing
and trampling (Figure 3d) lead to vegetation
removal. As confirmed by interviewees, scar-
city of pasture for livestock coupled with dif-
ference in ethnic background and lack of
well-defined boundaries between all forms of
land resources are occasionally sources of
conflict in the area. 

3.2.2. Technological factors
The image analysis revealed that LULC con-
version was multi-directional, the primary
shift being from vegetated area to cropland.
According to respondents, lack of technologi-
cal know-how and necessary inputs have led
the farming community to pursue rainfed ho-
rizontal expansion agricultural practices re-
sulting in LULC conversions. Most agricul-
tural practices have a traditional nature of
farming system i.e. mixed type comprising

cultivation of crops and livestock production
on a subsistence basis. This involves the use
of traditional wooden farm implements
which are extracted from the surrounding
forests and woodlands, contributing to the
deforestation and LULC conversions.

The mainstay of the farming community is
agriculture, but the agricultural practices
followed were not able to secure self-suffi-
ciency in food, raw materials for agroindus-
try, and jobs for the growing population. A
survey (Deininger et al., 2008) conducted in
the SNNP Regional State indicated that 84%
of households depend on agriculture and
only about 6.1% and 2.5% of households are
self-employed and salaried members, respec-
tively. This shows the limited extent of eco-
nomic diversity and the importance of land
as a source of livelihood. According to re-
spondents, farmers rely on horizontally ex-
panding, labor-intensive and rainfed agricul-
ture and sustainable intensification has not
been possible due to the lack or high cost of
agricultural inputs (fertilizer, seed, and se-
cure land). The Wondo Genet area is en-
dowed with abundant water resources and
fertile soil where irrigation could have
played a major role in food production.

The long existing state owned Shallo im-
proved seed enterprise which is rainfed and
the recently launched privately owned G2 ir-
rigated farm, occupying about 3.0% of the
study area, were formerly covered by wood-
land and pasture in a suburb of Hawassa
City. However, farmers in the area are still
practicing traditional agriculture on limited
farmlands. Poor technological applications in
the wood sector leading to wasteful logging
practices (Geist and Lambin, 2002) are also
contributing to the destruction of vegetation
cover. 

3.2.3. Institutional factors
There are several institutions with legal ju-
risdiction to administer land resources in Et-
hiopia. These include: the Ministry of Agri-
culture and Rural Development (MoARD) at
a national level, Regional Agricultural Bure-
aus, the Environmental Protection Autho-
rity, and the Agricultural Research Organi-
zation among others. In Oromiya Regional
State, authority over forests lies with the Ru-
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ral Land and Natural Resources Administra-
tion Authority, while in SNNPRS jurisdicti-
on falls to the Agriculture and Natural Re-
sources Development Bureau under regional
MoARD. Besides, institutions responsible for
natural resource management have frequ-
ently been restructured to improve the prote-
ction of available resources. However, key in-
formant interviews indicated that frequent
restructuring and overlapping responsibiliti-
es among those institutions accountable for
land resource management were considered
barriers to halting the severe deforestation
and land degradation in the area. Devolving
of natural resource management responsibi-
lities to lower administrative units, district
level, where serious concerns exist over the
capacity of officials to accurately demarcate
the location of natural resources was shared
by 75% of the respondents. Thus, inadequate
capacity of institutions at district level to
educate and involve local community in the
management and conservation of the natu-
ral resources was one of the causes that led
to the clearance of land cover and soil degra-
dation.

Another pattern, seen mostly in Africa,
comes from insecure ownership related to
uncertainties of land tenure. In Ethiopia,
ownership of land is with the state and peo-
ple are entitled to inheritable use right
which is in conflict with the goal of ensuring
land users’ tenure security. In their reports,
Grover and Temesgen (2006) argued that re-
strictions on land ownership and land sales
have caused insufficient land use, discour-
aged long-term investment in the land and
thereby contributed towards increased land
degradation. Key informants confirmed that
people considered natural resources includ-
ing forests as village commons and the envi-
ronmental custodianship was gradually
eroded among the newly emerging house-
holds. This situation makes the farming
community both actor and victim of the land
degradation.

From a study conducted by Dessie and
Christiansson (2008) and feedback from key
informants, it became evident that the power
vacuum during the regime changes and
weak institutional law enforcement exempli-
fied by encroachment deep into vegetated ar-

eas, selective cutting, and illegal logging has
also caused LULC conversions in the study
area. During the regime changes, institu-
tions often completely lose their stewardship
to protect the natural resources. The weak
law enforcement is sometimes linked with
some level of undesired relationships among
those engaged with resource management.

The Rural Land Administration and Land
Use Proclamation (FDRE, 2005) was one of
the institutional decisions perceived to re-
duce deforestation and land cover conver-
sions in the region. This proclamation
(456/2005) was issued in 2005 with the aim
to increase tenure security, improve produc-
tivity and avoid expectations of land re-dis-
tribution. However, forested areas were not
mentioned until it was amended in 2007 and
in most instances forests have yet to be
mapped and registered. Rural households
who knew this loophole in land law were able
to clear land and stake a claim before the
registration process began. Such was the
case in SNNPRS where large areas of forest
were cleared prior to the proclamation being
issued (Gebremariam et al., 2009). 

3.2.4. Economic factors
Agriculture is the predominant economic
activity in Ethiopia and it contributes 53% of
the GDP, 90% of the export earnings and 85%
of the employment and livelihood (Bekele,
2001). Recent state investments in transpor-
tation and communication infrastructures
improved access to local and regional
markets and created opportunity for people
to look for alternative livelihoods. An earlier
study (Geist and Lambin, 2002) indicated
that economic factors are prominent UDFs of
tropical deforestation. According to our ob-
servation and feedback from key informants,
soaring prices of timber and other wood pro-
ducts aggravated by overstocking of saw mill
and joinery enterprises in the surrounding
towns have negatively contributed to the
LULC change in the area. Consumer prices
for local and imported timber were reported
to have reached USD 307/m3 (ca. 5 500 Birr)
in 2009 for locally sawn wood and USD
386/m3 for imported timber (Bekele, 2011). 

The other perspective is the introduction
and prioritization of certain high-return
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crops. Based on earlier reports (Dessie and
Christiansson, 2008) and as confirmed by in-
terviewees, the emergence of coffee, haricot
beans, and khat (a mild stimulant plant) as
economic crops, have intensified changes by
promoting economic activities, establish-
ment of new markets, and immigration and
settlement, all of which are factors that have
ultimately contributed to agricultural ex-
pansion and decline in wood lands. 

We realized that forest protection was not
a priority for the community, but an opportu-
nity to benefit from forest resources. This is
because not all members have knowledge of
the impact of forests on the environment.
Key informants also recognized that due to
the limited off-farm employment opportuni-
ty, the majority of households need instant
cash from other sources to pay for schooling,
health care, and land taxes. This has in-
creased the demand and pressure on natural
resources by encouraging people to engage in
illegal logging and clearing forest for char-
coal burning to earn immediate income. 

In connection with expanding built-up ar-
eas and associated construction activities,
quarrying of building and road filling mate-
rials as a source of income has been exten-
sive in the area. These include harvesting of
sand, gravel, red ash, clay, surface and sub-
surface earth materials. In suburbs of the
cities and towns of the study area, people
who are exploiting the resource may ask for
permission for a given site, but dig anywhere
they choose. In some areas the exploiters sel-
dom bother to seek permission from anyone.
On site observation and feedback from se-
lected informants indicated that such quar-
rying activities have been huge sources of in-
come since the 1990s resulting in a wide-
spread clearance of vegetation and soil deg-
radation. Exposed surfaces due to quarrying
are vulnerable to erosion, and regrowth on
such surfaces is rare or very slow. Besides,
some of the quarrying pits close to Hawassa
City are used as waste dumping sites. The
quarrying pit in the new settlement area,
commonly called «Diaspora», is a living ex-
ample (Figure 3c). Some respondents inter-
viewed around this site and from the munic-
ipality noted that there are many people in-
volved in the flourishing waste disposal busi-

ness to generate income to support their fam-
ilies. 

3.2.5. Biophysical factors
Biophysical attributes such as topography,
local climate, soil type and availability of wa-
ter (Briassoulis, 2000), generally play an im-
portant role in LULC conversions. According
to accounts from key informants, suitability
of land with flat-lying topography and avai-
lability of water for a range of use has contri-
buted considerably to the expansion of agri-
cultural land and livestock production. The-
se conditions have served as a pull factor to
the increase in the number of inhabitants
and has led to cultivation of marginal lands.
Areas with steep slopes and reduced vegeta-
tion cover are susceptible to erosion when
short torrential tropical rain flashes. The re-
sult of image analysis and feedback from the
interviewees demonstrated that the western
part of the watershed was converted to bare
land and some areas were exposed to gully
formations due to erosion. Respondents also
said that human-induced fires have played a
significant role in the destruction of forest
and dense bush on hillsides and steep areas
where it is not easy to access and control the
incidents. In the current study area, comple-
te regeneration of vegetated areas was not
possible given the increasing human and li-
vestock population, expanding agricultural
activities, and proximity to settlements and
road networks. 

The long term mean monthly rainfall of
the watershed varies between January and
September. According to summaries drawn
by (Gebreegziabher, 2004) using meteorolog-
ical data within the study area, the mean
monthly rainfall in January was 26.7 mm
while the highest recorded was in September
amounting 133.1 mm. The rainfall data re-
veals the occurrences of high seasonal varia-
bility and recently irregular changes in the
pattern have also been observed affecting the
growth and regeneration of vegetation cover.

4. Conclusion
As the regions enclosing the study area do
not have documented and harmonized land
resource data, assessment of land conversi-
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ons and driving forces at a local level is an
important information layer that could be
expanded to a regional level. The availability
and analysis of remote sensing data coupled
with field survey techniques was found effe-
ctive to quantify LULC conversions and
identify the UDFs of the changes. The result
revealed a widespread clearance of vegetati-
on cover, the primary conversion being to ag-
ricultural land. The current study area has
undergone a rapid LULC conversion and
more than 291 km2 (20.3 %) of woody vegeta-
tion and forest cover has been permanently
converted into other LULC classes over the
study period 1973–2011. The quantified
LULC conversions and interviews with key
informants not only enabled us to identify
the changes and UDFs, but also showed us
direction about measures to be taken in or-
der to minimize deforestation and land de-
gradation. If the biophysical resources are to
improve, mitigation strategies should be de-
veloped that are geared towards the UDFs.
The need to transform low agricultural te-
chnology, enabling local community to influ-
ence resource management institutions
through policies, and introducing secure
land tenure system are some of the factors
pinpointed to minimize the extent of resour-
ce degradation in the study area. Survey re-
sults and census data also indicated that the
area is under population pressure and this
trend is expected to grow in the future unless
proper migration policy coupled with family
and land use planning is formulated and im-
plemented. 

It is useful to create awareness that the
use of coarse spatial and temporal resolution
imagery may never completely be free of lim-
itations. Using fine resolution image data in
the future research should produce better re-
sults for planning and informed decision
making in natural resource management.
Particularly, analysis of high temporal reso-
lution images will tend to avoid the masking
of some sudden changes that have occurred
within short temporal intervals. 

The findings based on the analysis of the
quantified LULC conversions and the re-
sponse of key informants about the causal
factors should provide useful information to
planners and natural resource managers to

better understand the past and current
change dynamics and subsequently manage
biophysical resources in the future.

Acknowledgements 
The present research was supported by the
Norwegian Agency for Development Coope-
ration (NORAD) through a grant to Hawassa
University for capacity building. The authors
are grateful for the financial support provi-
ded to undertake this research. Key infor-
mants are acknowledged for sparing their
time to give interviews. The authors would
also like to thank the two anonymous revie-
wers for their thorough review and valuable
comments.

References
Abd El-Kawy, O.R., Rød, J.K., Ismail, H.A., Suli-

man, A.S., 2010. Land use and land cover
change detection in the western Nile delta of
Egypt using remote sensing data. Applied Geog-
raphy, 31, 483–494.

Ayenew, T., 2004. Environmental implications of
changes in the levels of lakes in the Ethiopian
Rift since 1970. Regional Environmental
Change, 4, 192–204.

Ayenew, T., Gebreegziabher, Y., 2006. Application
of a spreadsheet hydrological model for comput-
ing the long-term water balance of Lake Hawas-
sa, Ethiopia. Hydrological Sciences Journal,
51(3), 418–431.

Bekele, M., 2001. Forestry Outlook Studies in Afri-
ca. Food and Agriculture Organization, pp. 39.
Available at http://www.fao.org/3/a-ab582e.pdf
(accessed 16.08.2012).

Bekele, M., 2011. Forest plantations and woodlots
in Ethiopia. African Forest Forum, 1(12), 1-52.

Berry, L., 2003. Land Degradation in Ethiopia: Its
Extent and Impact (Unpublished results), Ethi-
opia.

Bhandari, S., 2010. Urban Change Monitoring
Using GIS and Remote Sensing Tools in Kath-
mandu Valley, Nepal. MSc Thesis, Erasmus
Mundus Consortium.

BoFED, 2014. Bureau of Finance and Economic
Development, Hawassa and Shashemene, Ethi-
opia.

Briassoulis, H., 2000. Factors Influencing Land-
Use and Land-Cover Change. UNESCO-

KP-2016-1.book  Page 25  Wednesday, February 17, 2016  4:20 PM



Bedømt (refereed) artikkel Nigatu Wondrade, Øystein B. Dick, Håvard Tveite

26 KART OG PLAN 1–2016

EOLSS Sample Chapters. Land Use, Land Cov-
er and Soil Sciences, Vol. I.

Brink, A.B., Bodart, C., Brodsky, L., Defourney, P.,
Ernst, C., Donney, F., Lupi, A., Tuckova, K.,
2014. Anthropogenic pressure in East Africa-
Monitoring 20 years of land cover changes by
means of medium resolution satellite data.
International Journal of Applied Earth Obser-
vation and Geoinformation, 28, 60–69.

Burgi, M., Hersperger, A.M., Schneeberger, N.,
2004. Driving forces of landscape change-cur-
rent and new directions. Landscape Ecology, 19,
857–868.

Castillo-Santiago, M.A., Hellier, A., Tipper, R., de
Jong, B.H.J., 2007. Carbon emissions from land-
use change: An analysis of causal factors in
Chiapas, Mexico. Mitigation and Adaptation
Strategies for Global Change, 12, 1213–1235.

CSA, Central Statistical Abstract of Ethiopia,
1973. Central Statistical Office, Addis Ababa,
Ethiopia.

CSA, Central Statistical Abstract of Ethiopia,
1975. Central Statistical Office, Addis Ababa,
Ethiopia.

CSA, Central Statistical Abstract of Ethiopia,
1985. Central Statistical Office, Addis Ababa,
Ethiopia.

CSA, Central Statistical Agency, 2011. Central
Statistical Authority, Addis Ababa, Ethiopia.

DELTA, Development Management Consultancy
Services, 2005. Land Use/Land Cover Change
and Erosion Hazard Assessment in Lake
Hawassa Catchment (Unpublished results),
Hawassa, Ethiopia.

Deininger, K., Ali, D.A., Holden, S., Zevenbergen,
J., 2008. Rural land certification in Ethiopia:
Process, initial impact, and implications for oth-
er African Countries. World Development,
36(10), 1786–1812.

Dessie, G., Christiansson, C., 2008. Forest decline
and its causes in the South-Central Rift Valley
of Ethiopia: Human impact over a one hundred
year perspective. AMBIO: A Journal of the
Human Environment, 37(4), 263–271.

Esayas, Y., 2010. Evaluating the Impact of Land-
use Land-cover Change on Soil Erosion and
Runoff Using SWAT Model at Tikur Wuha
Watershed. MSc Thesis, Addis Ababa Universi-
ty, Addis Ababa, Ethiopia.

FAO, 2001. The Change Drivers. Food and Agricul-
ture Organization of the United Nations, Rome.
Available at http://www.fao.org/docrep/004/

ab582e/AB582E03.htm FAO Corporate Docu-
ment Repository (accessed 16.08.2012).

FAO, 2011. State of the World’s Forests. Food and
Agricultural Organization of the United
Nations, Rome.

FDRE, 2005. Rural Land Administration and
Land Use Proclamation. Federal Democratic
Republic of Ethiopia, Addis Ababa.

Fikir, A., Nurhussen, T., Nyssen, J., Atkilt, G., Ama-
nuel, Z., Mintesinot, B., Deckers, J., Poesen, J.,
2009. The impacts of watershed management on
land use and land cover dynamics in Eastern
Tigray (Ethiopia). Resources, Conservation &
Recycling, 53, 192–198.

Garedew, E., Sandewall, M., Soderberg, U., Camp-
bell, B.M., 2009. Land-use and land-cover
dynamics in the Central Rift Valley of Ethiopia.
Environmental Management, 44, 683–694.

Gebreegziabher, Y., 2004. Assessment of the Water
Balance of the Lake Hawassa Catchment, Ethi-
opia. MSc Thesis, International Institute for
Geo-Information Science and Earth Observa-
tion, Enschede, the Netherlands.

Gebremariam, A.H., Bekele, M., Ridgewell, A.,
2009. Small and Medium Forest Enterprises in
Ethiopia. Farm-Africa and International Insti-
tute for Environment and Development, Lon-
don, UK.

Geist, H.J., Lambin, E.F., 2002. Proximate causes
and underlying driving forces of tropical
deforestation. Biosciences, 52(2), 143–150.

Grover, D.K., Temesgen, A., 2006. Enhancing Land-
Use-Efficiency Through Appropriate Land Poli-
cies in Ethiopia (Unpublished results), Ethiopia.

Guler, M., Yomralioglu, T., Reis, S., 2007. Using
Landsat data to determine land use/land cover
changes in Samsun, Turkey. Environmental
Monitoring and Assessment, 127, 155–167.

Imam, E., 2011. Uses of geospatial technology in
evaluating landscape cover type changes in
Chandoli National Park, India. Computational
Ecology and Software, 1(2), 95–111.

IPCC, 2003. Good Practice Guidance for Land Use,
Land-Use Change and Forestry. Global Envi-
ronmental Strategies for the IPCC, Japan.

Jianzhong, Y., Yili, Z., Wanqi, B., Yanhua, L.,
Weikai, B., Linshan, L., Du, Z., 2005.Land cover
changes based on plant successions: Deforesta-
tion, rehabilitation and degradation of forest in
the upper Dadu River Watershed. Science in
China Series D Earth Sciences, 48(12), 2214–
2230.

KP-2016-1.book  Page 26  Wednesday, February 17, 2016  4:20 PM



Analyse av endringer i arealbruk og arealdekke

KART OG PLAN   1–2016 27

Jones, N., de Graaff, J., Rodrigo, I., Duarte, F.,
2011. Historical review of land use changes in
Portugal (before and after EU integration in
1986) and their implications for land degrada-
tion and conservation, with a focus on Centro
and Alentejo regions. Applied Geography, 31,
1036–1048.

Lambin, E.F., Geist, H.J., Lepers, E., 2003.
Dynamics of land-use and land-cover change in
tropical regions. Annual Review of Environment
and Resources, 28, 205–241.

Lemma, A., 2005. Site Action Plan for the Conser-
vation and Sustainable Use of the Lake Hawas-
sa Biodiversity (Unpublished results), Addis
Ababa, Ethiopia.

Loveland, T.R., Sohl, T.L., Sayler, K., Gallant, A.,
Dwyer, J., Vogelmann, J.E., Zylstra, G.J., 1999.
Land cover trends: Rates, causes, and conse-
quences of late-twentieth century U.S. land cov-
er change, EPA Journal, 1–52.

Mather, A.S., Needle, C.L., 2000. The relationships
of population and forest trends. The Geographi-
cal Journal, 166(1), 2–13.

Mendoza, M.E., Granados, E.L., Geneletti, D.,
Perez-Salicrup, D.R., Salinas, V., 2011. Analyz-
ing land cover and land use change processes at
watershed level: A multi-temporal study in the
Lake Cuitzeo Watershed, Mexico (1975–2003).
Applied Geography, 31, 237–250.

MWUD, Ministry of Works and Urban Develop-
ment, 2006. Report on Hawassa Integrated
Development Plan (Unpublished results), Addis
Ababa, Ethiopia.

Nemani, R.R., Running, S.W., 1995. Satellite mon-
itoring of global land cover changes and other
impact on climate. Climate Change, 31, 395–
413.

Ramankutty, N., Foley, J.A., 1999. Estimating his-
torical changes in global land cover: Croplands
from 1700 to 1992. Global Biogeochemical
Cycles, 13(4), 997–1027.

Rembold, F., Carnicelli, S., Nori, M., Ferrari, G.A.,
2000. Use of aerial photographs, Landsat TM
imagery and multidisciplinary field survey for
land-cover change analysis in the lakes region,
Ethiopia. JAG, 2(3/4), 181–189.

Rogan, J., Chen, D., 2004. Remote sensing technol-
ogy for mapping and monitoring land-cover and
land-use change. Progress in Planning, 61, 301–
325.

Sleeter, B.M., Raumann, C.G., 2006. Land-cover
trends in the Mojave Basin and range ecore-
gion. Science for a Changing World, 1–15.

Tadele, K., Forch, G., 2007. Impact of land use/cov-
er change on stream flow: The case of Hare Riv-
er Watershed, Ethiopia. FWU Water Resources
Publication, 6.

Tekle, K., Hedlund, L., 2000. Land cover changes
between 1958 and 1986 in Kalu District, South-
ern Wello, Ethiopia. Mountain Research and
Development, 20(1), 42–51.

Wondafrash, M., Tessema, Z., 2011. A Glimpse at
Biodiversity Hotspots of Ethiopia. Available at:
http://www.ewnhs.org.et/wpcon-
tent/uploads/downloads/2011/03/Biodiversity-
Hotspots-of-Ethiopia.pdf (accessed 04.09.2014).

Wondrade, N., Dick, Ø.B., Tveite, H., 2014. GIS
based mapping of land cover changes utilizing
multi-temporal remotely sensed image data in
Lake Hawassa Watershed, Ethiopia. Environ-
mental Monitoring and Assessment, 186, 1765–
1780.

Yigrem, S., Beyene, F., Tegegne, A., Gebremedhin,
B., 2008. Dairy Production, Processing and
Marketing Systems of Shashemene-Dilla Area,
South Ethiopia. Improving Productivity and
Market Success of Ethiopian Farmers Project
Working Paper 9. International Livestock
Research Institute, Nairobi, Kenya, pp. 62.

Zak, M.R., Cabido, M., Caceres, D., Diaz, S., 2008.
What drives accelerated land cover change in
central Argentina? Synergistic consequences of
climatic, socioeconomic, and technological fac-
tors. Environmental Management, 42, 181–189.

Zeleke, G., Hurni, H., 2001. Implications of land
use and land cover dynamics for mountain
resource degradation in the Northern Ethiopi-
an Highlands. Mountain Research and Develop-
ment, 21(2), 184–191.

Zhang, X., Kang, T., Wang, H., Sun, Y., 2010. Anal-
ysis on spatial structure of land use change
based on remote sensing and geographical
information system. International Journal of
Applied Earth Observation and Geoinforma-
tion, 12S, S145–S150.

Zhou, W., Troy, A., Grove, M., 2008. Object-based
land cover classification and change analysis in
the Baltimore Metropolitan area using multi-
temporal high resolution remote sensing data.
Sensors, 8, 1613–1636.

KP-2016-1.book  Page 27  Wednesday, February 17, 2016  4:20 PM




