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ABSTRACT

Kafta-Sheraro National Park (KSNP) is one of the most important protected areas in Ethiopia and
provides a number of important ecological and hydrological benefits to the local people. However,
the park is under immense pressure as a result of a rapidly increasing human population that
resulted from a voluntary resettlement program launched by the government in 2003. Using
satellite imageries taken in the years 2003, 2009 and 2015, this study examined patterns of changes
in land use/cover throughout the park over a 12 year period (2003 to 2015), during which human
population pressure is known to have increased over time and changes in government policies
were taken place. The results showed that, over the period of 12 years, wood land experienced the
most changeover the study period, with a loss of cover of 862.3 km? (i.e. from 77.8% coverage of
the total park area in 2003 to 38.0% in 2015) at annual rate of 79.3 km?). Conversely, the other land
cover types showed increasing pattern, particularly, bush land and agricultural land were
increasing at a rate of 44.96 and 18.90 km? per year, respectively. Overall, the rate of land cover
change was higher during the first period (2003 to 2009) compared with the second period (2009 to
2015) for all land use and land cover types, except grass land, suggesting that human impacts were
higher following the resettlement program in 2003 and then slowed down following establishment
of the park in 2007. The major causes of land cover change in the area were settlement and
population expansion, cultivation, fire, mining and grazing. We suggest that better effective park
protection systems should be in place to mitigate and restore habitats.

Keywords: Agricultural expansion, Habitat conversion, Human resettlement, Conservation,
Remote sensing.

1. INTRODUCTION

Land use (e.g. grazing, agriculture, urban development, logging and mining) change is any
modifications in physical, biological and/or chemical constituents of a given area attributable to
land management regime, while change in land cover (e.g. cropland, forest, wetland, pasture, etc)
means quantitative changes in the spatial extent (increase or decrease) of a given land cover type
(Turner et al., 1995; Chen, 2002). Thus, studying changes in land cover and land use is becoming a
central element to understanding local and global environmental changes and their driving forces
(Nagendra, 2004). Understanding such dynamics can aid policy makers to give due attention and
optimize their resource allocation either on the driver side through prevention or impact side

through mitigation (Geist and Lambin, 2002; Eyob Teshome et al., 2011).
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Land cover change results from two important causes: natural and anthropogenic.
Although natural events such as climate change, flood, bush-fire, and drought may modify land
cover both locally and globally, the principal cause of alteration of land cover is associated with
un-regulated human uses, including agricultural expansion, over-grazing, forest harvesting and
urbanization (Vitosek et al., 1997; Nagendra, 2004). Currently, human induced modifications of
land cover are advancing at a very high rate and greatly affecting most of the earth’s surface due to
rapid population growth rate and lack of policies related to socio-economic development and
environmental protection or poor implementation of such policies (Turner et al., 1995; Chen,
2002; Lambin et al., 2003). Reports indicate that, since 1850s, ~5 million km* grassland and ~6
million km? woodland habitats worldwide (Lambin et al., 2003) and ~3 million km”of woodland
vegetation in dry land regions of Africa (Diress et al., 2010) have been converted to croplands.
Such land use/land cover changes can have, directly and/or indirectly, long- and short-term
impacts on the biophysical composition of the area, including soil loss and fluctuation in wetlands
(Detenbeck, 1993), reduction in carbon storage (Kates et al., 1990), changes in biological
composition and loss of biodiversity (Skole et al., 1994; Abate Shiferaw, 2011).The ultimate
consequences are impairment of proper ecosystem functions and processes which, in turn,
adversely affects- through loss of production and productivity, drought and erratic rainfall- the
well-being (i.e. cultural and socio-economy) of local, as well far beyond, people who directly or
indirectly rely on the services provided to them by the ecosystems (Millennium Ecosystem
Assessment, 2007). Therefore, understanding current and historical land use and land cover
changes, and the causes and consequences of such changes is important to develop or revise local,
regional or national policies related to sustainable land use and socio-economic development
(Geist and Lambin, 2002; Eyob Teshome et al., 2011).

At present, forest and woodland degradation and destruction in Ethiopia has been
occurring at unprecedented rate due to the country’s population unbridled population growth rate,
which, with currently estimated at 2.6% per year, is among the highest in the world (World Bank,
2013).This rapid population growth is causing rapid and widespread conversion of natural habitats
for human settlements, clearing for agriculture, logging, charcoal and firewood harvesting (Hurni,
1988; Campbell, 1991). Such natural habitat alterations in turn have resulted to serious
biodiversity and environmental degradation in most parts of the country; ultimately causing

recurrent droughts, erosion, erratic rainfall and reduction of agricultural products (Feoli et al.,
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2002; Efrem Garedew et al., 2009; Belay Kassa et al., 2014). Currently, the highest rate of habitat
change in Ethiopia has been recorded in the north western part of the country, where a reduction of
woodlands from 79% in 1985 to 35.1% in 2014 has taken place(Belay Kassa et al., 2014; Zerihun
Woldu and Csaplovicsa, 2014), which mainly is due to agricultural expansion, charcoal
production, fuel wood collection, excessive wood harvest, grazing pressure and bush-fire
(Mulugeta Lemenih et al., 2012; Zerihun Woldu and Csaplovicsa, 2014; Binyam Alemu et al.,
2015). However, few attempts have been made to quantify the degree of this land use and land
cover change and its impacts on biodiversity. One of the areas where such information has been
lacking is the Kafta-Sheraro National Park (KSNP).

This study investigated land use and land cover change in the KSNP, by examining
temporal changes in cover of vegetation types with a known increase in human population density
and government policy changes. The present KSNP area was formerly known as “Shire Lowlands
Wildlife Reserve” since 1960s to until 2007 when establishment of the park was proposed (KSNP,
2016). KSNP was officially established in 2014, although proper conservation activities were
started in 2009, to conserve the most northernmost relict population of African Elephant
(Loxodontaafricana) and several other wildlife species that are known to be rare and with unique
populations in the country (Mekbeb Eshetu et al., 2002). For example, the only known populations
of Roan antelope (Hippotragus equines), Red-fronted gazelle (Eudorcasrufifrons) and Demoiselle
crane (Anthropoidesvirgo) for the country are from the area (Berihun Gebremedhin et al., 2011;
EWCA, 2016). Furthermore, the area is the only source of perennial rivers, including Tekeze River
and its tributaries, that provides year-round water for millions of people, as well their livestock,
living in the surrounding and far beyond.

The specific objectives of this study were (i) to describe patterns of land use and land cover
of the park at three points in time (2003, 2009 and 2015) and determine a time series of land cover
changes in the park within this 12 year period; (ii) to explore the major causes of land use/cover
change in the study area; and (iii) to assess the perceptions and attitudes of local communities and
government officials towards these changes. As is typical of land conversion due to anthropogenic
pressure through the increase in settlement, grazing, fire and agricultural expansion in the park
(Dompka, 1996), we predicted that there would be a reduction in woodland areas and an increase
in cultivation land, and grassland, shrubland and bare land cover types over the years. Further,

given that the start of human population explosion in the area was since 2003, and that the area was
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upgraded to a national park status in 2007, hence relatively a better protection has been in place
since then (KSNP, 2016). We also predicted that the rate of land use and land cover change would
be higher for the first period (2003-2009) than that of the second period (2009-2015).

2. METHODOLOGY

2.1. The Study Area

KSNP is situated in the north-western tip of Ethiopia in the Tigray Region, between 14°03°17’
and 14°27°52"’ north, and 36°41°43”” and 37°40°31°’ east (Fig 1). The current spatial extent of the
park is ~2176 km? between altitudes of 568 m a.s.l to 1,163 m a.s.l. (KSNP, 2016). The park was
initially proposed in 2007 mainly to conserve one of the relict populations of the African Elephant
found in the area and other co-occurring biodiversity and ecosystems (KSNP, 2016). Although its
management office was established and became functional in 2009, legal status for the park was
secured only in 2014 and it is currently managed under the auspices of the Ethiopian Wildlife

Conservation Authority (FDRE, 2014; KSNP, 2016).
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Figure 1. Map of the study area.
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The Kafta-Sheraro area is characterized by a mono-modal type of rainfall regime,
occurring between May and early September although small rains occasionally occur from late
September through November. With an annual average precipitation of about 600 mm, the area
receives low rainfall amounts compared to the surrounding highlands (Mekbeb Eshetu et al.,
2002). Overall, average monthly temperature in the area varies between 18.2°C to 37.5°C, with the
warmest period being from April through May while the coldest from July through August
(Addisu Asefa et al., 2016 unpublished data). KSNP is one of the most important conservation
areas in Ethiopia; it hosts several conservation concern and economically important faunal and
floral species (EWNHS, 2001; Mekbeb Eshetu et al., 2002).

Vegetation in KSNP is dominated by Acacia-commiphora and Combretum-terminalia
woodlands that contain several economically important tree species, such as Boswellia papyrifera
that provide the widely known and traded frankincense gum (Wualem Tadesse et al., 2007). The
Park is home to many ungulates, predators and other wild animal species. The presence of some
mega wild animals such as the African elephant, Roan Antelope and Red-fronted Gazelle, and
several migratory bird species including the only known population of Demoisselcrane in the
country make the park and its environs a significant conservation site for the national as well as
international communities.

Historically, the KSNP area had been inhabited by the Kunama people who used to rely for
livelihood mainly on livestock husbandry and harvesting of wild flora and fauna (Mekbeb Eshetu
etal., 2002). As such, the Kafta-Sheraro region as a whole had been very limited as the region was
under the control of the current “Tigray People Liberation Front” since early 1960s to 1990s where
a frequent armed-war was occurring between them and the then Ethiopian government [or the
“Dergie regime”, 1974-1993]. As a result, socio-economic activities in the area and human
disturbances to the environment were at low level until late 1990s, after which the area has been
rapidly populated as result of the volunteer resettlement program launched by the regional
government in late 2003 (KSNP, 2016). Human population size in and around the KSNP area was
estimated at 21,575 people in 2003; 37,775 in 2009; and 64,000 in 2015 (KSNP, 2016). On
average ~520,000-530,000 heads of livestock use the park for grazing every year (KSNP, 2016).
In addition to the rapidly increasing trend of settlements and human and livestock populations in
the area, cultivation land expansion, traditional gold mining, extraction of frankincense gum and

wildlife poaching are among the major threats to the park (Berihun Gebremedhin et al., 2011).
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2.2. Materials and Methods

We used satellite images and ground truthing points collected during the study period to classify
land use and land cover types of the park. Information on land cover change driving forces, and
perceptions and attitudes of people towards these changes was obtained through informal
interviews and focus group discussions made with key informants from among local communities
and relevant government officials.

2.2.1. Satellite Image Acquisition and Preparation

Three types of satellite images, all with spatial resolution of 30m and three band combinations,
were downloaded from the USGS online data provision interface
(http://edc.usgs.gov/products/satellite/raster.html) and used for the study: Land Sat5 (acquisition
date: 10/06/2003), Land Sat7 (18/06/2009) and Land Sat8 (20/06/2015) for the year 2003, 2009
and 2015, respectively). A voluntary resettlement of people from the other parts of Tigray region
to areas around the park was undertaken from 2003 to 2005 (Binyam Alemu et al., 2015; KSNP,
2016). Later, to abate human threats posed on natural resources of the area which were brought
about by increasing demand of arable land by the resettled people, establishment of KSNP was
proposed in 2007 and park management and protection started in 2009. Therefore, the study years
of 2003, 2009 and 2015 were purposively selected to assess the land use and land cover changes
after resettlement program (2003 to 2009 or 2003 to 2015) and after the start of park protection
(2009 to 2015). The month of June was selected for each study year since this month is the switch
on/off time for low lands, which shows a clear spectral reflectance on the different land use/cover
(FAO, 2005). Prior to analyses the satellite images were preprocessed in order to enhance
efficiency, harmonize data and to reduce errors (Jensen, 1996). Firstly, the satellite images were
stacked to produce a multispectral image from each of the panchromatic bands provided per
image. Secondly, the satellite images were geo-rectified using the geometric registration strategy,
where images are rectified with ground features to reduce positional inaccuracies which stem from
geometric instability of the satellites during the data acquisition (Jensen, 1996). And finally, each
of the stacked satellite images was clipped to polygon shape file of the KSNP in ERDAS Imagine
9.2 software.

2.2.2. Image Classification

Unsupervised classification method was applied first to identify land cover types. The outputs

from this unsupervised classification were checked against local knowledge of the study area and
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easily distinguishable land cover of the study area from high-resolution Google earth.
Accordingly, five and cover types were defined and used for further analyses: woodland, bush
land/shrub land, grassland, agricultural (cultivation) land and bare land. Then ground truthing
points were taken at 300 randomly generated points in the study area. This number of points is well
above the recommended number for the Maximum Likelihood Classifier Technique, which is a
minimum of 250 points for total study area (Eyob Teshome et al., 2011). Ground truthing points
were located by hand-held GPS 72H and the vegetation type, altitude, slope and aspect were
recorded. These ground-truthing points were used to make the training areas around which
polygons for each class were drawn to define the digital signature. Finally, a supervised
classification method was applied using the signatures defined for the training areas (LEICA
Geosystems, 2003). Supervised classifications of all images were carried out using the Maximum
Likelihood Classifier Technique in ERDAS Imagine software version 9.2. This method is the most
preferred as it takes into account the most variables by using a covariance matrix.

2.2.3. Accuracy Assessment

Once the images were classified by the supervised method, then a further 300 random points were
generated and data collected as above, in order to verify and assess the accuracy of the supervised
classification. Accuracy was determined by superimposing the points on the classified image in
ERDAS Imagine software and obtaining the kappa coefficient which expresses the proportion of
reduced error as generated by the classification process compared with the error of a completely
random classification; hence a value of one indicates an accuracy of 100% or zero error (LEICA
Geosystems, 2003). Images were reclassified by altering the training areas, until the accuracy met
the minimum requirement of 80% as set by Anderson et al. (1976).

2.2.4. Land Cover Change

The three images were compared to detect land cover change in two phases, 2003-2009 and
2009-2015. Classified images were compared using the post classification image comparison
technique (LEICA Geosystems, 2003) in ERDAS Imagine. This technique creates one image
based on the difference of the two comparative images from each year, which provides a summary
table of the overall changes per class; positive values denote an increase whereas negative values
imply a decrease. Rate of conversion for each land cover type over each of the two periods of years
was computed by dividing cover change [in km?] of a particular class by the number of years

encompassed in each period (Amanuel and Mulugeta Lemenih, 2014).
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2.2.5. Causes of Land Cover Change, and Community’s Perceptions and Attitudes

Field observations were made in 2015 to record information on current land use types and major
threats in the park. Further, in order to have a better understanding on the temporal patterns (type
and extent) of the causes of land use and land cover changes in the park, and on the perceptions and
attitudes of local communities and government authorities towards these changes, we also
conducted a total of 18 different focus group discussions (FGDs) in June/July 2016. One FGD was
conducted with each of 12 villages’ residents, and 2 districts’ and 2 zones’ and 2 regional authority
officials and experts. Each FGD consisted of 10-20 participants and discussions lasted between
2-4 hours. Open-ended, semi-structured questions were prepared in English language for the
discussion and discussions were made in local languages (Tigrigna and Ambharic), led by an expert
who speaks both languages. The questions were simple and straight forward, and included whether
the discussants knew the past and present nature/types of key threats to the park; ii) major changes
occurring in land use and land cover in the park in the last three to four decades; iii) the direct and
indirect causes of land cover type; and iv) what their attitudes were towards the changes and

suggestions for future sustainable conservation of the park and development of their livelihoods.

3. RESULTS

3.1. Land Use and Land Cover Classification

Land cover classes in the study area for the each year of 2003, 2009 and 2015 were shown in figure
2a-c. The maps clearly show persistent dominance of woodland throughout the study periods
which covers 38-78 % of the total area and bare land being the rarest land cover class, covering a
mere 0.01-1.30% over the study period (Table 1). Classification accuracy assessment made, based
on the 2015 image, showed that overall accuracy was 94%. Of the land cover classes bare ground
(100% accuracy) appeared to be the most accurately classified, followed by wood land grass land
(both 95%), cultivation land (89%) and bush/shrubland (93%). These results suggest that our land
cover classification has acceptable level of accuracy; thus valid conclusions could be made.

3.2. Land Use and Land Cover Changes

Results showed that all land cover classes exhibited some degree of change over the study period
(Table 1). Woodland changed the most (a reduction from 77.8% of total park coverage in 2003 to
38.0% in 2015), followed by bush/shrub land (an increase from 5.7% in 2003 to 30.6% in 2015).
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Figure 2. Land cover and land use classes of KSNP in the years 2003 (a), 2009 (b) and 2015 (c¢).
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Table 1. Total area and percentage cover of each land cover class in each of the three years used in

this study.

Land cover 2003 2009 2015
Area (km’)  Percent Area (km’)  Percent Area (km’)  Percent

Wood land 1683.9 77.813 1153.5 53.302 821.58 37.97
Shrub land 122.7 5.6699 692.32 31.992 662.17 30.60
Grass land 354.41 16.377 176.47 8.1548 581.22 26.86
Agricultural  2.86 0.132 138.1 6.3817 70.24 3.25
land
Bare land 0.16 0.0073 3.66 0.1691 28.81 1.33
Total 2164 100 2164 100 2164 100

Table 2. Change in land cover in Kafta-Sheraro National Park in each time period interval;
changes expressed in percentage and rate (change per year).

Land 2003 to 2009 2009 to 2015 2003 to 2015

cover Total  Percent Change Total — Percent Change Total  Percent Change
area change peryear area change peryear area change  per year
change (kmz) change (kmz) change (kmz)
(km’) (km’) (km’)

Wood land -530.43 -31.50 -88.40 -331.89  -28.77 -55.32 -862.32  -51.21 -71.86

Shrub land 569.62  464.24 94.94 -30.14 -4.35 -5.02 539.47 439.67 44.96

Grass land -177.94 -50.21 -29.66 404.75 229.36 67.46 226.81 64.00 18.90

E?;E(Via“" 13524 4728.67 22.54 -67.86  -49.14  -1131 6738 235594 562

Bare land 3.50 2187.50 0.58 25.14 687.16 4.19 28.65 17906.25 2.39

When these two periods (i.e. 2003 to 2009, and 2009 to 2015) were considered separately,
during both periods, woodland showed a decrease in total area while bare ground showed an
increase (Table 1). Grass land showed a decrease in area coverage during the first period and an
increase during the second period. Although bush land and agricultural land showed an increase in
the total areas during the first period, both showed a little decrease in the second period (Tables!
and 2). While, proportionally similar percent changes were found for woodlands (2003 to 2009,
31.50% vs 2009 to 2015, 28.77%) during the two periods, larger changes were recorded between
2003 and 2009 for bush land, agricultural land and bare land compared to the period between 2009
and 2015. Grass land was the only land cover type that showed greater change during the second
period (-50.21% vs 229.36%) (Table 2).

The annual rate of change was found to be faster for woodlands, bush land and agriculture
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in the first period and for grass land and bare ground in the second period (Table 2). This rate of
land cover loss of the woodland habitat was 103.2and66.4 km’per year during the first and the
second periods, respectively; whereas, bush land and agriculture showed an increase of 71.6 and
22.5 km? per year during the first period and a decrease of 5.7 and 13.6 km” per year in second
period, respectively (Table 2). Nearly, 60% of the study area remained unchanged throughout the
study period, of which 38% of the unchanged habitat was woodland.

As shown in table 3 of land use and land cover change matrix, notable transformations
found during the first period were changes from wood land (560 km?) and grass lands (129 km?) to
shrub land and from grass land (103 km?) to cultivation land. Change of wood lands to shrub land
(342 km?) was also high during the second period, but 279 km? of shrub land cover was changed to
grass land (Table 3).

Table 3. Matrix of land use and land cover change (in km?) between 2003 to 2009 and 2009 to
2015 in the KSNP.

(a) 2003 to 2009
2009 LU/LC type
Wood Shrub Grass Agricultural Bare
land land land land land
O Wood land 1032.17 560.54 64.33 26.86 0.01
= Shrub land 114.00 2.24 0.00 6.46 0.00
3 é Grass land 6.10 129.53 112.14 103.13 3.51
§ ~ " Cultivation land 1.20 0.01 1.65 1.65 0.01
A Bare land 0.00 0.00 0.00 0.01 0.15
(b) 2009 to 2015
2015 LU/LC type
O Wood land 692.32 342.44 114.33 4.39 0.00
= Shrub land 108.33 292.40 279.36 11.93 0.31
3 é Grass land 7.27 22.97 120.42 17.76 1.66
S 7 _Agricultural land  7.27 437 66.96 35.76 23.74
N Bare land 0.00 0.00 0.16 0.40 3.10

3.3. Causes of Land Cover Change, and Community’s Perceptions and Attitudes

According to the discussants, the Kafta-Sheraro region represents one of the few areas in the
northern Ethiopia where vast fertile arable land and economically important natural resources (e.g.
gold, marble, natural gum/resign etc.) are found. However, exploitation of these resources began
recently following the voluntary resettlement that was launched in the early 2000s when peace and

stability was secured in the region after some decades of civil war in the region. This uncontrolled
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flow of people to the area and unregulated land use practices has led to ever-increasing
conservation incompatible anthropogenic actions, such as expansion of settlement and cultivation
land, unregulated bush-fire, excessive wood harvest, gold mining and over grazing, ultimately
causing a rapid change in land use and land cover types. In addition to these human-induced
drivers, however, the key informants also indicated that natural drivers such as climate change and
erratic rainfall were also reported to contributing to land cover conversion in study area. In general,
the FGDs’ participants explained that the current trend of land use/cover changes in the KSNP is
undesirable and would have adverse impacts on the biodiversity, ecosystem and human
well-being. Accordingly, they suggested that integrative sustainable conservation of the park and
development of livelihoods of the local community should be in place to reduce the unregulated

natural resource exploitation in the par.

4. DISCUSSION

4.1. Patterns and Causes of Land Use and Land Cover Changes

As predicted, the present study confirms that the KSNP is undergoing major land transformation
which appeared to be accelerated during 2003 to 2009 than recent times (2009-2015). These
results may suggest that increasing human population following the resettlement program in 2003
and coupled to the lack of natural resources protection system during then have caused rapid land
transformation during the first period (2003 to 2009). However, the relatively better protection in
place following the declaration of establishment of the park in 2007 might have slowed down the
rate of change during the second period (2009 to 2015). Thus, this study has not only shown
patterns of land use/land cover change in the study area, but also how changes in regional and/or
national social and environmental development policies impact conservation and sustainable use
of natural resources.

The study of patterns in land cover and land use changes and the underlying causes can provide
important information particularly in the field of conservation management, as it helps identify
areas in need of attention and their underlying threats (Geist and Lambin, 2002; Nagendra et al.,
2004; Eyob Teshome et al., 2011). The KSNP is an area of biological and hydrological
importance, but is currently facing multi-faceted threats due to human encroachment, which
potentially leads to significant land transformation and impair proper ecosystem processes and

functions (Eyob Teshome et al., 2011; Binyam Alemu et al., 2015; KSNP, 2016). Results of the
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present study indicated that the different land cover types showed three various patterns of change
during the two time periods. While woodland cover was decreasing and bare land was increasing
during both periods, agricultural land and bush land were increasing in the first period but were
declining in the second period. However, grass land decreased during the first period and increased
then after. These patterns may indicate that the different land cover types have been exposed to
varying types and levels of land use types and/or threat factors—that individually or interactively
cause these changes—during the two periods. For example, the beginning of cultivation in 2003
might have resulted to heavy transformation of grassland followed by woodland land cover types,
while increased grazing and fire in these land cover types might have favored expansion of bush
land during the first period nearly 560 km?® (33% of original cover) and 130 km® (32%) of
woodland and grassland, respectively, being converted to bushland during this time interval (Table
2) (see Endawek Wondim et al., 2014 unpublished data). However, abandonment of cultivation
land from certain areas, by relocating some of the farmers cultivating inside the park to elsewhere
outside the park in 2009 (KSNP, 2016), might have led to decrease in cultivation land during the
second period. Whereas, overstocking of livestock and frequent fire burning of the woodlands and
bush lands might have induced the expansion of grassland and bare land with the expense of the
former land cover types during the second period (2009 to 2015).Such transformation of specific
land cover types including shrubland or wood land into grasslands and bare ground is widely
recognized as a consequence of human-induced pressure (Dompka, 1996; Geist et al., 2002; Feoli
et al., 2002; Eyob Teshome et al., 2011).

As discussed above, the primary cause of the land use and land cover changes observed in the
KSNP is underpinned by increasing human population size in and around the KSNP area, which
has been shown an increase of ~18% between the years 2003 and 2009, and 69% between 2009
and 2015 (Endawek Wondim et al., 2014 unpublished data; KSNP, 2016). These reports have also
indicated that annual population growth rate in the area to be five times (~13%) higher than the
average annual growth rates both in the Tigray regional state (~2.5%) and in the country (2.6%)
(see CSA, 2007; World Bank, 2013). This rapidly growing human population in the area has been
increased the demand for, in addition to cultivation land, various forms of natural resources use.
For example, on average ~520,000-530,000 heads of livestock from the surrounding areas use the
park for grazing every year (KSNP, 2016). In order to induce the growth of new grasses for their

livestock, people deliberately catch bush fires, burning over 60% of the park area each year
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(KSNP, 2016). Similarly, although started recently (six 6 years ago), traditional gold mining is
becoming one rapidly growing major threat to KSNP. Endawek Wondim et al. (2014, unpublished
data) have reported ~10,000 gold mining pits each of which have 20-35 m depth and width along
179 km long transect surveyed. Given these facts, it is therefore, possible to suggest that much of
the habitat transformation observed in the KSNP is due to the human-induced activities. Several
studies conducted in different areas of Ethiopia (e.g. Diress et al., 2010; Mengistu Gebremariam
and Fassil Kibebew, 2010; Abate Shiferaw, 2011; Messay Mulugeta, 2011; Mulugeta Lemenih et
al., 2012) and elsewhere globally (Geist and Lambin, 2002; Lambin et al., 2003) have also been
highlighted the disastrous consequences on biodiversity, ecosystem and human well-beings of
increased human population in and around such biologically and ecologically important protected
areas.

4.2. Implications of the Study

Results of the present study have shown that considerable land use and land cover changes have
been occurred in the KSNP over the period of 12 years studied. Although increasing human
population and associated livelihood activities are the proximate causes of the changes, lack of
commitment to implement land use policy (as was reflected during the 2003 resettlement program)
and poor law enforcement activities (observed since the establishment of the park) are the main
underlying causes for the increased threat and thus land use and land cover changes in the park.
This implies, from biodiversity conservation perspective, that unless a proper and better park
management and land use strategies are in place, it is likely to observe expansion of existing
settlements and socio-economic activities. This, in turn, will, lead to continued increasing land
conversion. On the other hand, continued pressure on the park does not only adversely affect
biodiversity, but also severely affects the vital ecosystem services they provide to the local
community and their well-beings (Geist and Lambin, 2002; Millennium Ecosystem Assessment,

2007).

5. CONCLUSION AND RECOMMNEDATIONS

Results of the present study showed that considerable land use and land cover changes have been
occurred in the KSNP over the period of 12 years studied. The major direct causes of land cover
change in the area were settlement and population expansion, cultivation, fire, mining and grazing.

In general, although such changes could be attributed to natural factors as climate change, erratic
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rainfall or grazing/browsing of wild herbivores (Duncan et al., 1999), our results support the idea
that much of this transformation is due to human-induced activities. Therefore, the following three
management actions should be taken to mitigate the adverse impacts that these land use/cover
changes in the KSNP would have on the biodiversity, ecosystem and human well-being. Firstly,
routine law-enforcement activities that involve local communities should be strengthened to
mitigate overall human pressures to the park. Secondly, certain types of natural resources by local
communities that potentially cause less harm to the park, such as limited livestock grazing during
shortage of forage, fuel wood collection, gum collection and gold mining, should be allowed under
regulated and controlled manner. And thirdly, people living and/or cultivating inside the park
boundary should be relocated while providing them with alternative land from outside the park.
Moreover, in order to quantify the impacts of human-induced threats on the ecosystem of the park
so as to develop predictive and preventative models, we also suggest that further in depth studies to
be undertaken on the spatiotemporal effects of such human activities on (1) vegetation diversity,
population structure and regeneration, (2) carbon stocking rate of the different land cover/land use
types, and (3) soil and water physiochemical properties. These studies can be used to assist park
management to identify key areas currently under rapid transformation, so that intervention can

occur to halt or slow down the present level of land change.
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