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Abstract

Land use and land cover changes that occurred from 1984 to 2009 in the Fincha'a Sugar Estate, Blue Nile Basin
of western Ethiopia, were monitored using a geographic information system (GIS) and a remote sensing approach
with field verification. Fincha'a Sugar Estate is known for its sugar production and export of sugar as a surplus to
major areas of the country. However, clearing increasingly flat and steeper land for cultivation and built-up land,
land degradation is becoming a serious problem. The study revealed that the Sugar Estate has inundated 2.15% of
water body, 8.70 % of natural forest, 4.52% of the built-up land, 12.39 % of the grass land, 38.20 % of the bush
land and 34.05 % of the cultivated (sugar and other) farm land respectively. The results show that the natural
forest cover declined from 17.25% in 1984 to 10.16% in 2005and 8.70% in 2009. The total natural forest cleared
between 1984 and 2009 amounts to 3186 ha. This is 50% of the forest cover that existed in 1984. On the other
hand, cultivated land increased from 6.01% in 1984 to 21.96% in 2005 and 34.07% in 2009. The study area had
experienced a drastic change in its LUC conditions between 2005 and 2009 because of rapid increases in human
settlement, deforestation and irrigation development. Such a dramatic change in 25 years and the increasing

proportion of completely degraded lands clearly indicates the prevailing danger of land degradation in the area.
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Introduction

Land use is referred to “Man’s” activities and the
various uses which are carried on land”. Land cover is
referred to “Natural Vegetation, Water bodies,
Rock/Soil, artificial cover and other noticed on the
land” (Jitendra, 2011). Thus, changes in land
use/cover have occurred at all times in the past, are
presently ongoing, and are likely to continue in the
future (Fu C, 2003). These changes have beneficial or
detrimental impacts, the latter being the principal
causes of global concern as they impact on human

well-being and safety.

Land use is obviously constrained by environmental

factors such as soil characteristics climate,
topography and vegetation and take place according
to the needs of mankind, misuse and over
exploitation of land. Increasing pressure of
population and consequent rising demand for food
and shelter are putting great pressure on water body
areas, fallow land and other vacant lands. Many of
the peoples have last substantial portions of their
water cover due to conversion of water body areas
into Aquaculture land in order to feed the growing
population. Land use and land Cover arrangement
makes landscape patterns. Today Earth resources
satellites data are very applicable and useful for land
use /land cover studies. Natural conservation area
plays vital role in biodiversity. But it also reflects the
importance of land as a key and finite resource for
most human activities including Aquaculture,
settlement, recreation and water bodies and storage.
Land is fundamental factor of production and
through much of the course of economic growth.
Often improper land use is causing various forms of
environmental  degradation. For  sustainable
utilization of the land ecosystem, it is essential to
know the natural characteristics, extent and location.
Its quality, productivity, suitability and limitations of

various land uses.

Ethiopia, situated in the horn of Africa, has a long
history of intensive agriculture and human settlement

particularly in the highlands due to the presence of

favorable climatic and ecological conditions.
However, the high population pressure and the
concomitant depletion of the scarce resources have
made agriculture of the country unsustainable,
forcing its expansion into marginal areas such as
steep slopes, swampy plains, and traditionally
untapped part of the environment and putting
tremendous pressure on soil, vegetation and water
1985). As a

considerable land use/cover changes have occurred in

resources (Hurni, consequence,
Ethiopia during the second half of the 20t century
(Solomon, 1994; Gete, 2000; Kebrom and Hedlund,
2000). The results of these studies have identified
deforestation and encroachment of cultivation into

marginal areas as the main agents of land use/cover.

Numbers of research papers were published relating
to land use and land cover analysis. Numbers of
research papers were published relating to land use
and land cover analysis. (e.g., Gete, 2000; Kebrom
and Hedlund, 2000; Belay, 2002; El-Swaify, 2002;
Woldeamlak, 2002; Woledeamlk, 2003; Kahsay,
2004; Scanol et al.2005;Bezuayehu, 2006; Tsegaye,
2009; Behailu, 2010; Efrem, 2010; Eyayu, 2010;
Megersa, 2010; Fisseha et al., 2011, Emiru et al.,
2012 ) conducted in different parts of Ethiopia have
indicated the existence of considerable change in land
use/cover over the past 3 to 4 decades. Kebrom and
Hedlund (2000) reported increases in cultivated and
settlement land use at the expense of shrub lands and
forests between 1958 and 1986 at Kalu area, north-
central Ethiopia. Gete (2000) reported a significant
increase in cultivated land at the expense of shrub
lands and forests between 1957 and 1995 in the
Dembecha area, northwestern Ethiopia. Similarly,
Birru (2007) indicated that the grassland cover of the
Lake Tana Basin declined continuously over the last
40 years. Tsegaye (2009) reported a considerable
increase in agricultural land at the expense of dense
forest land in Adaba Dodola, southern Ethiopia. A
90.6% increase in cultivated land between 1957 and
2003 at Tara Gedam, northwestern highlands of
Ethiopia was reported by Eyayu (2010). Likewise, a
study made by Abiy (2010) indicated a 44.53%
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increase in cultivated land at the expense of other
land uses/land covers in the Antsokia-Gemza District,
north-central Ethiopia. In line with this, Belay (2002)
reported a serious trend in land degradation resulting
from the expansion of cultivated land at the expense
of forestlands in the Derekoli Watershed in South
Wollo. (Hurni et al., 2004) reported the highland
areas of the Horn of Africa have for centuries been
favorable places for settlement and agriculture, as the
ecological environment is more favorable than in the
surrounding lowlands. However, as time goes by,
intensive agricultural use and expansion of cropland
into marginal areas have led to severe degradation of
the natural resource bases in large areas of these
zones. Land use changes are a very important aspect
of global 2006). When
aggregated globally, affect the

change (Bezuayehu,

they directly
biodiversity, soil, environment, etc and contribute to
local and regional climate change, altered the
ecosystem and affect the ability of biological systems
to support human needs (El-Swaify, 2002). Research
findings by Gete (2000), Amare (2007), Birru (2007),
and Hurni et al. (2010), under the NCCR North-
South Research framework that is the conflicting use
of land resources in the highland-low land problem
context and/or upstream-downstream resource use,
have indicated that dramatic land degradation has
been recorded in the highlands of Ethiopia due to
land use/cover changes. Therefore, the need for
rational planning of land use/cover development and
optimal use of the land resources is evident. That’s
why precise and credible data on land use/cover
trends are

change and their necessary for

understanding  global, regional and local
environmental problems (Milanova and Telanova,
2007). Information on land use/land cover in the
form of maps and statistical data is very vital for
spatial planning, management and utilization of land
for agriculture, forestry, pasture, urban, industrial,
environmental protection, economic production, etc.
Furthermore, documentation of the land use/cover
change provides information for the Dbetter
understanding of historical land use practices, current

land use patterns and future land use trajectory.

Identifying,delineating and mapping of the types of
land use/cover are important activities in support of
sustainable natural resource management (Zhang et
al., 2004). The land use studies in Ethiopia, however,
emphases estimation of forest cover and deforestation
rates that occur at national level (Mesfin, 1985; EFAP,
1994). So far, analyses of land use dynamics at
watershed level are scanty in Ethiopia. Studies of land
use dynamics in watersheds where a reservoir and
irrigation development were created have been
carried out (Buzuayehu, 2006 and Megersa, 2012).
However, the knowledge of spatial dynamics of the
magnitudes of different land use types, factors driving
the changes and the implications of those changes are

scarce in FSE.

The development of Fincha’a dam (1975) and
Fincha’a Sugar Estae (1995) have caused land use
changes and probably aggravated the rate of
environmental degradation downstream of Fincha’a
watershed in general and Fincha’a sugar estate (FSE)
in particular. But there has been no study conducted
in the sugar estate that shows the magnitude of land
use changes caused by the development of the
irrigation and the implication of such changes.
Several questions arise with regard to the rapid land
use and land cover changes and associated impacts in
the area. First, what are the extent and degree of land
use and land cover changes in the area in spatial and
temporal terms? Second, what are the major
consequences of these changes? Third, what will the
future trends be in land use and land cover dynamics
and associated results? Fourth, are these dynamics
well perceived by relevant stakeholders? And finally,
what are their implications at the regional, national,

and international levels?

The present article mainly addresses the first of these
questions, based on spatial and temporal analysis of
land use and land cover changes from 1984 to 2009
and investigation of possible implications for
degradation of mountain resources in the study area.
Land use changes in different types of landscape,

trends in expansion of cultivated land and built-up
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land, and associated results are presented. An
additional aim is to create awareness among relevant
stakeholders, such as sugar estate planners,
community planners and decision- or policy-makers,
about the speed and degree of land degradation and
its long-term consequences. Eventually, of course, it
is not only awareness that is important but
improvements of policy, planning, and physical
implementation, which are needed to protect
potential agricultural soils in this part of the country
from further deterioration through loss of soil

productivity.

Materials and methods

Geographical environment of the study area
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Fig. 1. Location map of the study area.

Geographically Fincha’a Sugar Estate is located in the
Oromia Regional State, Western highlands of
Ethiopia, Nile basin of western Ethiopia (Fig.1.) lying
between of 9°30’ to 10°00’ of North latitudes, and 37°
15’ to 37°30° of East longitude. The study site is
situated at a distance of 340 km from Addis Ababa,
the capital of Ethiopia and bounded by the Amhara
National Regional state in the North, Guduru Woreda
in the East, Horro Woreda in the West and Jarte and

Amuru Woreda in the South respectively (Fig. 2.).
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Fig. 2. Accessibility, drainage and location map of
study Area.
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Fig.4. Mean monthly rain fall (RF), mean maximum
and minimum temperatures (Temp.) and pan
evaporation of the Fincha’a Sugar Estate, Blue Nile
Basin, western Ethiopia based on records at the
Estate  research station

Fincha’a Sugar

methodological station (1979-2011).
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Fig.5.S0il map of Fincha’a watershed based on
FAO/UNESCO: Soil Map of East Africa (1997).

The study area is an extension of the typical agro
climatic profile of Horo (Shambu), which is situated
about 84 km west of the study area and extends from
the cold and wet upper zones (Wurch, 4050 m) to the
hot and moist/dry lower zones (Kolla, 1000 m) of the
Blue Nile River Basin. The drop in altitude of about
3000 m over 75—100 km causes strong gradients in
climate and hence in vegetation, land use, and living
conditions. The area is located in the middle of these
2 extremes and extends from south to north over
elevations of 1350-1600 m. Geologically, the Adigrat
sandstone and plateau basalt formations, composed
of alternating beds of sandstones and shale’s, have
been deposited unconformable upon the eroded
surfaces of the basement complex dominates the
study area. The study area is surrounded by
escarpment along its southern, eastern and western
sides, which rise approximately 700-850 m above the
valley floor. The floor of the Fincha’a valley is
dominated by gently undulating surface northwards.
The width of the valley, generally, increases from
south to north with an average size ranging from 25 to
30 km (Worku, 1995). Fincha’a River divides the
valley in to West and East banks. Currently both the

West and East bank is are under cultivation, and the

extension of the irrigated area to the South-west
(Nashe) is planned and on the way to start sugar cane
cultivation. Slope varies from, flat (0-2 %),
moderately steep (16-30 %), gently undulating (2-8
%), rolling (8-16%) and steep (> 30 %) (Fig.3.).The
thirty two years (1979-2011) climatic data from
Fincha’a Sugar Estate Meteorological Station
recorded the yearly average rainfall 1315.5 mm which
is characterized by unimodal rainfall pattern. About
80 % of the annual rain falls between May to
September its mean annual maximum and minimum
temperatures lies between 30.5 and 14.85° C (Fig.4.)
Average pan evaporation was 153.1mm and the
average annual reference evapo-transpiration (based
on Penman-Monteith) is 1320 mm, with monthly low
variation (Girma and Awulachew, 2007). The average
annual relative humidity is about 83.8% (Bayissa,
2007). Fincha’a valley has alternate wet (during May
to October) and dry (during the rest of the months)
seasons Wind speed in Fincha’a Valley is low as the
surrounding escarpments hinder wind movement.
However, wind speed is high between the months of
March to June (Worku, 1995, Ademe, 2001).The soil
classes of the Fincha’a watershade are Cambisols,
Luvisols, Leptosols, Alisols, Marsh, Vertisols and
water associated with the geomorphology and the
geology of the area (Fig.5.) Luvisols and Vertisols are
the dominant soil types in the irrigated fields of the
study area. Dereje, 1995 reported that Luvisols are
relatively good in drainage and mineral composition
and are largely (75%) distributed and the Vertisols are
characterized with poor drainage and high water
holding capacity and the distribution is (23%). Most
of the Luvisols are situated in the middle of the
interfluves and have slopes of 2-5 %. Nineteen
percent of the Luvisols are moderately deep. Vertisols
are found mostly in the lower areas near The Agul
River and at the upper ends of the interfluves (Worku,
1995). Sugarcane mono cropping based on irrigation
agriculture is the main agricultural activity taking
over. The area is mainly drained by the Fincha’a

River.
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Data sources and analysis

Monitoring of land use and land cover changes in the
study area was done at 3 intervals: (1984, 2005 and
2009). A geo-information modeling approach was
used, employing Land sat satellite image analysis
(Land sat-TM and ETM, December, 1984, January,
2005, December, 2009). Data interpretation and
analysis were conducted using ESRI's UNIX
ARC/INFO GIS software. The boundary of the study
area was delineated on a 1:50,000 topographic map
(EMA, 1984). Before interpreting the satellite images,
a reconnaissance survey and a stratified interview

were carried out in January 2011 to obtain general

understanding of the land use pattern of the study
area. Altogether 50 people were interviewed and used
as key informants for their past and current
knowledge regarding the extent and environmental
effects of land use changes in the area. This
information was used for complementing the
interpretation of the satellite image. Moreover, their
traditional knowledge was used for analyses of the
onsite and downstream implications of the land use
changes in the area. Then, identification and
classification of the land use/cover were monitored
and seven land use/cover categories were identified
(Table 1.).

Table 1. Description of Land use classes identified in Fincha’a Sugar Estate.

Land use class

Description

Water body

Built-up Land

Natural forest land

Grass land

Sugarcane farmland

Other farm land

Bush land

Land with water-tables at or near the surface during the time the respective image as taken.
It covers low lying and frequently in association with stretches of open water. It also includes
water used for treatment, and purification of facilities, extracted/diverted from river water,
spring water, water storage and distribution places e.g. reservoirs, water towers and

pumping station, sewage disposal and treatment works and bogs.

This is an area of a permanent residential (village) areas, service centers (as schools and
health centers),offices, shops, warehouse, places of worship, barn/store, factory and refinery
for processing of sugarcane, places for packing sugarcane, and infrastructures as

transportation track ways and foot paths, educational centers, and medical centers.

This land cover type is characterized by closed canopy vegetation and the reverian forests. It
includes mixed deciduous and evergreen forests.

An area in which the natural vegetation consists largely of tall perennial grasses associated
with crock-ok vegetation, savanna grasses, herbaceous and shrub vegetation with few and
very sparse trees.

An area covered with different status of sugarcane (from seedling generation to the matured
sugarcane).

This category involves all cultivated agricultural lands excluding sugarcane farm. It Includes
farmsteads, holding areas for livestock, land ploughed and made ready for sowing, fallow
land as part of agricultural land, land used for the cultivation of crops.

The land that is covered with the natural native species vegetation of bush habitat
dominated by the association of trees and shrubs. It consists predominantly of patches of
woody species, low woody plants and bushes often cover any kind of habitat from open

shrubby with few trees to tall trees. It is an area that has only asperse flora.

The Images used for this

study were The multi- in Research (NCCR) North-South and used to

spectral land satellite image (Land sat-ETM and TM,
with a resolution of 30 m path 169 and row 053) were
obtained from International Livestock Research

Institute (ILRI) and National Centre of Competence

produce the land use/cover classes from the image by
visual interpretation and digitized on the basis of false
color composites of each land use/cover classes. The

accuracy of each of the seven land use/cover classes
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from the images were validated by comparing ground
reference points collected through extensive field
visits (2011) guided by handheld Garmin 76 GPS
(Global Positioning System) and topographic maps.
Then,

topographic sheet, the images were adjusted and

using line objects on a 50,000 scale
clipped to the frame that covers the study area. The
Arc GIS 9.3 software made it possible to link the
polygon lines to label the specific land use/cover
classification and calculate the spatial statistics of
each polygon. Environment for Visualizing Images
4.3 software was used for spatial database processing.
Finally, three land use/cover maps were produced
corresponding to the three periods (1984, 2005 and
20009).

Results and discussion
Types of land use/land cover classes in Fincha’a

Sugar Estate.

Fig.6. Land use land cover changes (1984, 2005 and
2009) in Fincha’a Sugar Estate, Blue Nile basin,
Ethiopia.

The land use trend analysis made for the two
consecutive periods; 1984-2005 and 2005-2009 has
indicated the Sugar Estate was subject to considerable
land use changes, driven exclusively by natural and
(Fig.6.). Analysis of the

Landsat images confirmed the existence of seven

socio-economic forces

major land use/cover types (natural forest, Water
body, Cultural land scape (Built-up area), bush land,
sugarcane farm land, other farm land and grass land)
in FSE (Table 2. and Fig.6.).

Table 2. Land use/cover types and areas covered by the respective land use type in the Fincha’a Sugar Estate in

three different periods (1984, 2005 & 2009).

Land use Area covered by respective land use/cover type
type 1984 2005 2009
km?2 % km?2 % km? %

Water body 6.4 (1.71) 1.5 (0.40) 8 (2.15)
Built-up land 2.10 (0.50) 10.36 (2.75) 16.84 (4.52)

Natural forest 64.29 (17.25) 38.22 (10.16) 32.43 (8.7)
Grass land 237.61 (63.74) 122.78 (32.61) 46.18 (12.38)
Sugar cane farm - - 68.7 (18.24) 89.23 (23.94)
Other farm land 22.43 (6.01) 12.2 (3.25) 37.75 (10.13)
Bush land 39.96 (10.70) 121.97 (32.40) 142.39 (38.2)

Total 372.8 100 372.8 100 372.8 100

Between 2005 and 2009 Sugarcane farm land
accounted for 16.83 and 23.94% of the total area of
the Sugar Estate and there was no land covered by
sugarcane farm land in 1984.The other farm, bush
and grass land, accounted for 6.01, 3.33, 10.13; 10.71,
32.94, 38.22; and 63.74, 32.93 and 12.39 8 % of the
total area of the Sugar Estate in the years 1984, 2005

and 2009, respectively (Table 2.). On the other hand,
the Cultural land scape (Built-up area), the water
body, overall accounted for 0.57, 1.93, 4.51 and 1.72,
0.40, 2.14 % of the total area of the Sugar Estate in
the years 1984, 2005 and 2009, respectively. During
the three periods, the natural forest accounted for

17.25, 10.25 and 8.1 % area of the Sugar Estate. Shift
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of natural forest and grass land to -cultivated
(sugarcane farm and other farm) land and cultural
land scape (Built-up area) ecosystems was identified

as a major change class.

Natural forest and grass land

It was found that the natural forest cover declined
from 17.25% in 1984 to 10.16% in 2005and 8.70% in
2009. The total natural forest cleared between 1984
and 2009 amounts to 3186 ha. This is 50.35% of the
forest cover that existed in 1984. The greatest
Reduction of forest occurred between 2005 and 2009
(about 40.65%) as it was a transition period from
state farm to sugar estate development. After the
irrigation development was started in 1995, all lands
under state farm and owned by local community were
converted to agricultural (other and sugarcane) farm
land and built-up Land. Throughout the period
covered by the study, cultivation encroached upon the
very flat and moderately steep slopes with gradients
(<30%). The shift of natural forest cover into cultural
land scape (Built-up area), cultivated (sugarcane and
other farm) and bush lands, respectively increased
the area coverage of cultivated lands and Built-up
area to 74.68 % of the Sugar Estate. In such
ecosystems where there is no reported history of
immigration into the study area, such a dramatic
change in 25 years and the increasing proportion of
completely degraded lands clearly indicates the

prevailing danger of land degradation in the area.

During the study period, the land under grass
declined from 64.74 in 1984 to 32.93% in 2005 to
12.39% in 2009 (Table 2.).This was probably because
of two major reasons. There was no sound
conservation practice in the area out lined by the
estate as indicated by the local communities during
interview and group discussions. The fact that the
area under grass land declined implies most plots of
land were used for cultivation (sugar farm and other
farm) lands and built-up lands more repeatedly and
fallow periods shortened. This inappropriate land use
has come responsible for current deterioration of soil
quality and continuous decline in productivity of the
land coupled with shortage of soil fertility
management technologies that agricultural men can
use to sustain agricultural production and
environmental degradation in the area. The area of
water body had decreased from 1.72 0 in 1984 to 0. 4
%) in 2005 but increased from 0.46% in 2005 to
2.15% in 2009 (Table 2.). This implies that irrigation
increased the area cover by water body. The
expansion of water body contributed to the
waterlogging and other related environmental
degradation which are currently a sound problem of
most irrigated fields as identified from the

groundwater study result.

Table 3. Land use/land cover changes in the in the Fincha’a Sugar Estate for the periods between 1984 to 20009.

Change in land use area ( Km2) coverage; gain (+) or loss (-)

Land use type
1984-2005 2005-2009 1984-2009
km? % km? % km? %
Water body -4.9 76.56 6.5 433.33 +1.60 25.00
Built-up land +10.36 493.3 +9.62 57.13 +14.73 701.76
Natural forest -26.07 40.55 -5.79 15.15 -31.86 49.55
Grass land -114.86 48.34 -76.6 62.39 -191.43 80.56
Sugarcane farm - - + 21.50 31.74 + 89.23 100
Other farm land -10.23 45.60 +25.32 67.07 15.32 68.3
Bush land + 82.82 207.25 +20.42 16.75 +102.43 256.33
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Built-up Land

During the entire period of the study, the area under
cultural land scape (built-up area) land use increased
persistently from 0.57% in 1984 to 1.93 % in 2005
and 4.51% in 2009 (Table 2.). In the first period,
1984-2005, areas under cultural land scape (built-up
area) continued to expand receiving additional plots
due to the shift of other land use categories; forest
land (1.05%), grass land (4.34%), bush land (8.34%),
(12.06%) and
body(0.33%)(Table 3.). However, considerable size

other farm land water
(42.85%) of plots which previously were covered by
cultural land scape (built-up area) uses were
converted to agricultural fields. The increase in this
land use advanced rapidly during the second period
(2005-2009). Concurrently during this period, about
(15.15 and 78.4% ) of the study area which was under
natural forest land grass land use respectively was
abandoned because of the shift from state farm to

Sugar Estate and increased the cultural land scape

(Built-up area) land use. The major reasons mainly
responsible for this change to take place were: the
increased demand of built-up materials for
settlement, factory construction, built-up of roads,
irrigation canals and subsequent regeneration and (2)
exhaustive thinning of the natural forest (Selamyihun
and Tekalign, 2003). Extractive forest use which
converted dense forest areas into sparsely forested
areas and forest blanks was a common practice in the
area. The ever increasing demands of the population
for fuel-wood, timber and fodder were the major
driving forces behind this thinning practice. The use
of shrubs and bushes as sources of fuel-wood and
charcoal production for commercial purposes has also
little counterbalanced its expansion. The expansion of
sugar estate, population pressure and irrigation
development have created job opportunities and
attracted people to the study area and accounted for

the increase of this land use.

Table 4. Area and percent of land use in the Fincha’a Sugar Estate that was converted from each of the seven

categories into the rest between 1984-2005, 2005-2009 and 1984-2009.

Land use Changed to: 1984-2005 2005-2009 1984-2009
type (Km 2) (%) (Km 2) (%) (Km 2) (%)
N.F B.L. 5.16 18.08 0.54 16.25 17.5 51.35

W.B. 0.04 0.35 0.04 0.8 0.78 2.28
GL. 10.74 37.63 1.02 8.6 0.99 2.9
SCF. 9.2 32.23 2.31 36.78 12.28 37.20
BL. 0.3 1.05 2.33 37.1 0;2 0.58
O.F.L. 3.04 10.65 0.04 0.8 2.8 8.21
Ud. 35.75 55.60 31.94 5.08 30.21 46.99
B.L. GL. 0.32 26.67 0.32 26.67 0.27 17.30
B.L. 0.28 23.33 0.36 28.75 0.5 32.05
N.F 0.001 0.83 0.45 23 0.04 2.56
O.F.L. 0.2 16.67 0.25 15.97 0.65 41.67
W. B. 0.002 0.16 0.06 3.83 0.06 5.3
S.C.F. 0.4 33.33 0.01 0.06 0.01 0.88
Ud. 0.9 42.85 6.09 84.34 0.54 25.72
GL. B.L. 20.8 75.11 76.51 78.30 97.1 49.70
O.F.L. 6.6 4.63 11.6 11.87 28.87 14.78
W. B. 6.6 4.63 0.5 0.51 0.39 0.2
S.C.F. 107.13 14.58 6.69 6.85 61.8 31.64
N.F 1.35 0.95 1.97 2.00 0.33 0.17
B.L. 6.19 4.34 0.42 0.42 6.78 3.47
Ud. 94.99 39.98 25.09 20.43 42.25 17.78
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Bu.L. O.F.L. 0.37 1.20 13.99 24.5 3.73 19.54
W.B. 0.56 1.80 6.04 10.57 0.62 3.25
S.C.F. 14.95 48.16 12.46 21.83 11.80 61.82
G.L 11.56 37.25 19.12 33.50 0.91 4.77
B.L. 2.59 8.34 5.41 9.48 3.73 19.54
N.F 1.01 3.25 0.07 0.12 0.92 4.82
O.F.L. 0.37 8.34 13.99 24.50 1.63 8.54
ud. 8.92 22.32 64.88 53.20 20.87 52.23
O.F.L. B.L. 2.47 12.06 0.12 19.60
N.F 1.01 0.04 - - - -
GL. 11.56 14.06 0.46 75.40
B.L. 0.37 0.58 0.03 4.9
WB. 0.56 0.09 - - -
Bu.L. 14.95 73.14 - - -
Ud. 1.95 8.7 11.82 95.10 3.95 17.61
W.B. B.L. 0.02 0.33 0.05 25 0.33 80.5
N.F 0.03 0.50 - - 0.23 56.09
G.L. 2.26 38.24 0.04 20 0.05 12.2
Bu.L. 1.17 19.80 0.03 15 0.3 73.2
S.C.F 2.39 40.43 0.03 15 0.02 4.88
O.F.L. 0.04 0.67 0.05 25 0.09 21.95
ud. 0.49 7.65 1.3 86.67 5.99 93.60
Total 372.8 372.8

Bu.L. = bush land, B.L. = built-up land, G.L. = grass land, S.C.F. = sugar cane farm land, O.F.L. = other farm land, N.F. =
Natural forest and W.B. = Water body

Cultivated (Sugar cane and other) farm land

There was no land covered by the sugarcane farm
land use in the year 1984 as it was the time of
transition from state farm to Sugar Estate (irrigation)
project and land preparation. Sugarcane farm land
sharply increased from 16.83% in 2005 to 23.94% (at
an average rate 66300 ha yr?). During the first
period, 36.78 % of the natural forest cover was
transformed into sugarcane farm land use, while
sugarcane farm land use maintained about 29.88 % of
the original size to remain under the same land use
(Table 3.). In this period, irrigation development has
clearly been the primary agent of change due to the
increasing population size, use of heavy tracks,
irrigation land size (as stated by the local community
during the interview and group discussion)and
subsequently increasing demand for food and income.
Since the method preferred for increasing production
was based on claiming more land for sugarcane farm
rather than maximizing production per unit area, it

raised the need to put more plots of land under

sugarcane farm land mainly for plantation of
sugarcane for sugar production. This was clearly due
to the increased irrigation development, sugar estate
expansion and sugar cane plantation and sugar
demand in the country. This an implication of the
impact of policy issue on land uses. The increase of
sugar cane farm land from 16.83 % in 2005 to 23.94
% in 2009 in addition to water body, bush land and
cultural land scape decreased the forest land cover of

the sugar estate by 49.56 % during the whole period.

In the first period (1984-2005) the land cover under
other farm land declined from 6.01 to 3.33 % for
reasons: the transition of the land cover under state
farm to sugar estate and the local community to
sugarcane farm land much attention was given to
converting the but increased 10.13 % in 2009 due
population (crop production and irrigation) pressure.
This shows the establishment of sugar estate and

irrigation development in the valley affected the other
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land cover types (grass and natural forest) and

increased the land cover under this class.

Bush land

It was indicated 10.71, 32.94 and 38.2 % (Table 2.) of
the land use was accounted for bush land in 1984,
2005 and 2009 with a net increase of 10243 ha (27.48
%) respectively. It can be clearly seen that the
expansion of agricultural (Sugarcane and other) farm
land and irrigation development increased the bush
land cover. This is an implication of positive impact of

irrigation development on bush land.

Extent and type of land use/cover change

In all the periods considered in this study, the
cultivated (sugar cane and other farm) land and
cultural landscape land was the dominant type of land
use/cover in the Fincha’a Sugar Estate. This clearly
indicates that the currently cultivated land was
increasing while forest land and grass land had a
decreasing trend of land use/land cover change in 25
years of establishment of the sugar estate and
irrigation development (Fig.7.) which is true for most
highlands of Ethiopia (Crummy, 1998 Fisseha et al.,

2011).

Area Change from 1984 to 2009 { Km?2)
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Fig.7. Graph of land use/cover trend across different

years in the Fincha’a Sugar Estate.

Irrigation system in the area is increasing in all
directions after 2009 due to sugar estate expansion.
In the same period, the area of sugar cane farm land
increased to 8923 ha mainly at the expense of forest
and grass land. Recently the dynamics of the
cultivated (sugar cane and other) farm land and
cultural land scape (Built-up area) is unusually

increasing due to: population (crop production and

agro-industry) pressure increased demand of forest
products and land for construction, fuel wood and
agriculture in the study area. In other words, after the
expansion of the new sugar factory and irrigation
development to the east bank of Fincha’a River and
Nashe River, the land cover of the area was increased
by 51.86 %. In this way, a dramatic increase in sugar
cane farm land, cultural land scape and bush land and
a sharp decrease in forest land become apparent.
Following the inundation of the vast forest lands and
sugarcane farm land expansion, livestock production
activity, which is equally important as sugar cane
production, has faced a serious challenge. The two
major economic activities have entered a state of

competition rather than supplementing each other.

The findings of this study are in consent with the
findings of many other studies made in different parts
of the country, which reported a significant decline of
forest and shrub land cover due to its conversion to
other land uses particularly to cultivated and
settlement land (Kebrom and Hedlund, 2000; Gete
and Hurni, 2001; Belay, 2002; Tsegaye, 2009; Efrem,
2010; Eyayu, 2010; Fisseha et al., 2011; Naga, 2012).
In line with the findings of this study, Kahsay (2004)
and Amsalu (2006) attributed the decline in
grassland cover to expansion of cultivated and
settlement area driven by increasing human
population. In support of this observation, Hurni
(1985) indicated that high population pressure often
leads to expansion of agriculture into marginal areas

that are prone to degradation.

Soil water conservation practice is still lacking and
improved reforestation was not developed in the area
either. Hence, the indiscriminate tree cutting for
charcoal preparation, cultivation land preparation or
forest destruction practices has been major causes of
land degradation followed by ecological problem in
Fincha’a a sugar estate as well as the western part of

the country (Fig.8.).
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Fig.8. Natural resources management and its
consequence on land degradation in FSE.

But so far, there has been no meaningful policy
implementation, which either regulates the livestock
numbers, reforestation, afforestation or promotes the
production of improved fodder sources. The various
effects of drastic land use and land cover changes in
these areas will certainly have not only national but
also  international implications. Since the
northwestern highlands of Ethiopia are the potential
source of a supply of water and sediment to the Blue
Nile, the impacts of change will soon be deeply felt by
downs lope wusers. The problem thus has a
multinational dimension and requires an integrated
effort before the agricultural potential of the area is

lost beyond recovery (El-Swaify and Hurni 1996).

Implications of LUC changes to the environment.

The changes observed did not take place without
negative consequences. For instance, as cultivated
land was expanded at the expense of other land use
and land cover units, grassland declined, resulting in
less available fodder and a decrease in the number
and quality of livestock. This led to a shortage of
animals required for plowing and transport, as well as
to a reduction of income and food from animals and
their products. There was a significant change in land
use/land cover change, due to Sugar Estate
establishment, irrigation development and other
various reasons, which could lead to differential
environmental degradation such as land degradation
(deforestation, erosion, sedimentation) and flooding
(surface runoff), waterlogging (groundwater rise),etc.
Deforested lands are exposed to the impacts of rain
drops, which may accelerate the detachment,
removal, and transport of soil particles and some

other related effects (Megersa, 2012). Conversion of

native forest to other land cover types may produce

permanent changes in annual stream flow
(Bruijnzeel, 2004). Based on the susceptibility to
erosive rainfall, the land use of FSE could be
categorized into four groups: (i) areas that are bare
when erosive rain occurs and exposed to accelerated
erosion (i.e. cultivated land), (ii) areas that have a
relatively better vegetation cover but exposed to
indiscriminate tree cutting (iii) areas with better
vegetation cover all year round but subjected to
limited encroachment (i.e., forest), and (iv) the water
body, saturation of soil(waterlogging), environmental
degradation. Thus, the irrigated fields in the Sugar
Estate are exposed to the possible maximum
deforestation and water erosion. This shows that land
degradation is increasing from time to time.
Consequently rill and gully erosion are the abundant
forms of erosion in cultivated land. Field observation
showed a high sediment influx into the water body,
high land degradation followed by soil physical
degradation (Fig. 8.), which caused reduced forest
land and

degradation. In spite of this, environmental impact

accelerated rate of environmental
studies, reforestation and soil and water conservation
activities are lacking in the study area. The sugar
estate plays a significant role in supporting the
national economy through sugar and ethanol
production. But the community service that the
community in and around FSE incurs from the estate
is very limited as usual. According to the key
informants the sugar estate development had
negatively affected ecology, livestock condition,
vegetation cover and environmental aspects in the
study area. Streams often burst and cause habitat
destruction. When the valley was with good
vegetation cover, clean water was obtained from
streams and springs the whole year round, but today

pure water supply from these sources is short-lived.

Conclusions

Analysis of land use land cover change has clearly
shown that the Fincha’a Sugar Estate was subject to
continuous successions during the study periods

(1984-2005 and 2005-2009), whilst the changes vary
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in magnitude and direction. The spatial and temporal
analysis of land use and land cover change presented
here, though not an end in itself, clearly indicates the
prevalence of serious land degradation and the
related problems the area will face in the near. The
changes have been dramatic for the traditional
agricultural system, and the impacts are now highly
visible. Vegetation cover has completely declined; the
proportion of degraded lands has increased. However,
these processes have not yet been fully recognized by
planners and decision-makers, who still believe that
agricultural potential, can be tapped as before. If this
perception is not corrected and current trends
averted, the great agricultural potential of this part of
the country will soon be severely degraded, perhaps

beyond recovery in some places.

In general, it can be concluded that the processes and
associated problems observed have regional, national,
and international implications Hence, further

research and development interventions into
ecosystem dynamics at various spatial scales are
required if conservation and agricultural development
goals for this watershed in particular and the country
at large are to be met on a sustainable basis. Last not
least, the use of GIS as a vital supporting tool in
management of natural resources, which is currently
either overlooked or underestimated in the country,
must be enhanced to speed up and improve
understanding and efficiency of decision-making
processes at various levels. A multilevel stakeholder
approach to sustainable land management is needed.
To this end, existing biophysical, socioeconomic, land
policy, and institutional conditions need further
careful investigation. Moreover, introduction of
proper land management and tenure systems,
population growth control mechanisms, and
integrated environmental rehabilitation strategies
must be given high priority, at the least to prevent
existing potential from further deteriorating. The
authors also believe that detailed investigations of
household mechanisms for adaptation to the changes

observed are essential for future action.
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