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Abstract

Introduction: Ecosystem change and respective conservation needs were at top priority areas in the globe
especially at biodiversity hotspot zones and places of endemism like Bale eco-region. In this aspect, this study had
tried to assess historical landscape changes of afro-alpine forest ecosystem with its respective driving forces and
effectiveness of different institutional arrangements to protect this ecosystem.

Methods: The study utilized satellite imagery from Landsat series starting from 1986 to 2016, ground truth data
from GPS-based field survey, focus group discussions, and reconnaissance field survey. Historical landscape maps
were prepared with a mix of supervised and unsupervised image classification methods. Future landscape change
simulation was undertaken by using cellular automata modeling on Dynamic Environment for Geoprocessing
Objects (Dinamica EGO) software. Beyond areal change and transition of landscape elements, level of ecosystem
fragmentation was assessed with FRAGSTAT software.

Results: Results have shown that there is encroachment of human-induced land use patterns especially agriculture
and grazing while closed canopy forest and woodland ecosystems have decreased in their extent. Simulation
outputs for the coming three decades have also shown similar patterns with historical trends. Beyond changes in
areal extent, landscape matrix analysis results indicated that there is increasing class and landscape level
fragmentation both in its historical and future probable likelihoods. Effectiveness of different management
strategies at different institutional arrangement were differ in their effectiveness that federal and regional
government were not able to curve landscape change.

Conclusions: In conclusion, increasing population pressure and weak policy implementation and legal enforcement
has caused threats for alpine forest ecosystem in Bale eco-region. Except participatory forest management,
management strategies at different institutional arrangements were failed to conserve forest. These calls re-
innovated participatory forest management strategies that base community participation while simultaneously
keeps livelihoods demands of local community.

Keywords: Afro-alpine ecosystem, Bale eco-region, Fragmentation, FRAGSTAT, Landscape change, Management
strategies, Remote sensing, Simulation
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Introduction

Being the second populous country in Africa, Ethiopia is
experiencing enormous land cover change (Kindu et al.
2013; Gashaw and Dinkayoh 2015). These changes are
mainly from natural vegetation land to agricultural land
and settlement. Different studies have been conducted
to quantify land cover change in both highland and low-
land parts of Ethiopia (Belay 2002; Woldeamlak 2002;
Tefera 2011; Kindu et al. 2013; Molla 2014; Alemu et al.
2015). According to these studies, the country is charac-
terized by a reduction of forest, woodlands, grasslands,
and shrub lands, but a remarkable expansion of agricul-
tural land and bare lands in space and time. In Ethiopia,
expansion of agricultural land and bare lands and loss of
natural vegetation are associated with population
growth, poverty and food insecurity, unemployment,
drought, resource use competition, national and regional
policies on land use and economic development, distri-
bution of land and other resource between people and
traditional land use systems, unclear land tenure right,
and several other socio-political factors (Woldeamlak
2002; Melaku 2003; Molla 2014). Ecosystem change is
more severe in the highlands of Ethiopia (Eshetu and
Hogberg 2000). This is due to the result that these areas
were characterized by high population pressure and cul-
tivated for long period of time (Kindu et al. 2013). The
highland areas in Ethiopia cover nearly 45% of the coun-
try’s landmass (Tefera 2011).

Bale eco-region (BER), which is characterized by a wealth
of biodiversity and ecosystem services, is one of the most
important eco-regions in Ethiopia and Sub-Saharan Africa.
It is the home to the large amount of fauna and flora in-
cluding the endangered and endemic species like mountain
Nyala and Ethiopian Wolf (FARM Africa 2008). According
to Watson (2013), the BER is one of 34 global biodiversity
hotspots which contain more than 1500 species of vascular
plants as endemics. The Bale Mountains National Park
(BMNP), which lies at the heart of the BER, is also one of
the most important conservation areas in Ethiopia (Watson
2013). The livelihood of millions of people living in the
eco-region depends on the ecosystem services provided
from the eco-region. BER is also well known for its water
resources where it is named as “water tower of south east-
ern Ethiopia” where it is the source of over 40 streams and
springs. Five major rivers namely the Web, Wabi Shebele,
Welmel, Dumal, and Ganale were also arise from this
region. These water resources are critical for the livelihoods
and well-being of hundreds of thousands of people. It is
estimated that around 12 million people in the lowlands of
Southeastern Ethiopia, Northern Kenya, and Somalia were
dependents for water resources generated from BER
(FARM Africa 2008; OFWE et al. 2014).

However, this eco-region which has global and local
importance is under increasing threat from a growing
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human population, fire, and rapid immigration with un-
planned and unrestricted settlement (SOS Sahel Ethiopia
2010; Teshoma 2010). Disturbance of the water systems
and deforestation and forest degradation are occurring
due to poor management of natural resources, the con-
version of natural habitat to farmland, overgrazing by
livestock and unsustainable fuel wood and timber extrac-
tion (Teshoma 2010; Hailemariam et al. 2015). These,
coupled with impacts from climate change, are influen-
cing its unique flora and fauna and both lowland and
highland communities that depend on the BER’s ecosys-
tem services (FARM Africa, 2008).

In support of this argument, spatially explicit studies
(Morie 2007; Walellegn 2007; Teshome et al. 2008) had
tried to assess landscape change in BER specifically.
Even though these studies were conducted around BER
to quantify landscape change, they failed to provide con-
crete evidences on drivers of land use and land cover
change (LU/LCC) at specific ecosystem. Additionally,
these studies were failed to assess landscape and class
level fragmentation, which have a bigger implication on
ecological functioning and resiliency for change. More
importantly, they did not assess landscape change under
different institutional arrangements for natural resource
management and yet not undertaken prediction works
on how landscape change will unfold in the future at
BER. Therefore, in view of the literature gaps indicated
above, this research analyzed observed ecosystem change
and driving forces in BER from 1986 to 2016. The
research has also predicted future alpine ecosystem
change in the study area with account of different bio-
physical and anthropogenic drivers for the coming three
decades. It also analyzed ecosystem change under three
institutional arrangements from 2006 to 2016 to look
into forest management strategy effectiveness.

Methods

The study area

The study site BER is located within 5°16°'~7°52" N, 38°
37'~41°13" E. However, forest management intervention
Weredas for LU/LCC analysis under diferrent institu-
tional arrangement were located within (6°0°~7°0° N, 39°
0°~40°0° E) (Fig. 1). In its relative location, BER is situ-
ated within the Oromia Regional State, forming part of
the Bale and West Arsi Zonal Administration in the
southeastern Ethiopian Highlands (Watson 2013).

BER covers 2,217,600 ha over 16 Woredas: Adaba,
Agarfa, Berbere, Dinsho, Dodola, Gasera, Goba, Gololcha,
Goro, Harena Bulluk, Kokosa, Delo Mena, Nensebo, Mede
Welabu, Gora Damole, and Sinana (Hailemariam et al.
2015). However, the intervention Weredas for LU/LCC
analysis of this study covers 1,567,540 ha over seven
Woredas namely Adaba, Dinsho, Goba, Harena Bulluk,
Delo Mena, Mede Welabu, and Berbere. Hence, BER in
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Fig. 1 Location map of BER and administrative boundaries (Woreda and sample Kebeles)

this study refers only these seven Weredas. These Woredas
are composed of 120 Kebeles, which are the smallest local
government unit.

BER is a highland area with a vertical elevation expan-
sion ranging from 1500~3500 m a.s.l. However, the cen-
tral afro-alpine plateau of the eco-region reaches more
than 4000 m a.s.l. The climate of BER is influenced by low
level easterly winds from the Indian Ocean (Walelegn 2007)
and characterized by 8 months rainy season (March to
October) and 4 months dry season (November to February)
(Hailemariam et al. 2015). The annual rainfall of the
region ranges from 1000 to 1400 mm (Walelegn
2007). Temperature records measured at BER has indi-
cated that the wet seasons are comparatively warm and
the dry seasons are characterized by extremely cold night
and warm day time. The lowest recorded temperature at
highest plateau of Bale (Sanette) was — 15 °C, and the
maximum record was 26 °C in Delo Mena Wereda.
Similarly, the lowest recorded temperature in Dinsho area
is — 6 °C (Hillman 1986; Hailemariam et al. 2015).

BER, comprising BMNP at its heart, is the largest afro-
alpine area left in Africa and characterized by forest
areas, afro-alpine plateau, mountains and valleys, grass-
lands, and agricultural land (FARM Africa 2008). BER
ecosystem provides several goods and services for mil-
lions of people living in the highland and lowland parts

of the region. The Harena forest including its large gen-
etic pool of wild Arabica coffee, and vast carbon store is
the second largest stand of moist tropical forest in
Ethiopia (Watson 2013). Main soil types in the BER are
Cambisols, Vertisols, Luvisols, Lithosols, and Nitosols
(OFWE et al. 2014).

Data acquisition, processing, and analytical methods

Primarily, the study has utilized data from different
sources. These were remotely sensed imagery from
Landsat series, ground truth data from the field, inter-
views and focus group discussions with ecoregion resi-
dents and conservation workers, and document analysis
of intervening non-governmental organizations. Cloud-free
Landsat imagery was obtained from US Geological Survey
(USGS) (http://glovis.usgs.gov/) for years 1986, 1996, 2006,
and 2016. The reason to select images of these years was in
order to match the remote sensing data with major events
which had happened during these years at BER. The 1985/
1986 was the time of resettlement program by overthrown
Derge regime: in 1996, there was implementation of partici-
patory forest management (PFM) by German Federal
Enterprise for International Cooperation (GIZ) and Oromia
Region Agricultural Bureau; and in 2006, there was
implementation of PEM by Farm Africa and SOS Sahel. On
the other hand, Landsat images of 2006 and 2016 were
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used for analysis of landscape change under institutional
arrangements of Federal government (Bale Mountains
National Park and Oromia Regional Government), partici-
patory forest management (PFM), and participatory range-
land management (PRM). Selected images and its metadata
were presented in Table 1.

These obtained satellite imageries were preprocessed
by using various strategies. As obtained imagery is in
terrain-corrected georeferenced format, we had only
undertaken conversion of radiances to the top of atmos-
pheric reflectance. Following this image, noise related
with sun angle variability had been corrected by using
metadata files and sun-earth distance parameters pro-
vided by USGS. As BER falls within four satellite scenes
(Table 1), we did mosaicking of four satellite scenes.
Analysis images were extracted from mosaiced scenes by
using BER geographic boundary. Afterward, time series
images were classified by using a mix of unsupervised
and supervised image classification techniques with aid of
ground truthing points collected from field using GPS,
topo map, and Google Earth for signature generation and
thematic class grouping. Overall image processing was
made on ERDAS imagine software. Generated, thematic
landscape maps were checked for its accuracy by using
ground control points and topo maps by generating
classification accuracy matrix with known indices. Overall
classification accuracy and Khappa coefficient (Lillesand
et al. 2004) were used for checking reliability of generated
historical landscape maps. Percentage areal change across
time of analysis period was accounted as

Ar-A;
%A = % x 100 (1)

i

where %A is percentage landscape change, Aris area of
final year, and A; is area of initial year. Landscape transi-
tion rate was quantified by using Eq. 2.

Ap-A
ot

r

(2)
where ¢ is time interval between initial and final observa-
tions. The landscape classes for change analysis are

operationally defined in Table 2.

Table 1 Landsat satellite series used for landscape change

Sensor Years Resolution Scene path and row
Landsat TM 1986 30m 167/055 and 167/056,
168/055 and 168/056
1996 30m 167/055 and 167/056,
168/055 and 168/056
Landsat ETM+ 2006 30m 167/ 055 and 167/056,
168/055 and 168/056
Landsat OLI/TIRS 2016 30m 167/ 055 and 167/056,

168/055 and 168/056
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Table 2 Operational definition of landscape classes at BER

Class Operational definition

Forest Areas that are covered with dense growth of trees with
closed canopies. It was made to include human made
plantation forest, riverine forests, dry ever green forest

and moist mountain forest.

Woodland  The land covered with both open and closed (high)
woodland with dominant species of Acacia-Commiphora
vegetation. It also includes scattered Woodland trees

around rural setlements (Molla et al, 2010)

Scrubland  Land area covered by Asta scrubland, Erica bushes, alpine
vegetation (vegetation with small white leaves found at
top of Sanette Platue and habitats of Ethiopian Wolf. It
includes Lobelia rhynchopetalum and Helichrysum species)
and ground covered by Artemesia afra, Alchemilla johnstoni,

and Knifofia

Grassland ~ Both communal and\or private grazing lands that are used
for livestock grazing. The land is basically covered by small
grasses, grass like plants and herbaceous species. It also

includes land covered with mixture of small grasses, grass

like plants and shrubs less than 2 m and it is used for grazing.

Made to include areas allotted to rain fed cereal crops
(e.q., Corn, Barley, Teff, and Wheat), cash crops (Chat) and
horticultural crops particularly vegetables (e.g., onion,
potato, and cabbage). Crop cultivation both annuals and
perennials, mostly in subsistence farming and the land
covered by rural villages and scattered rural settlements
and scattered small towns

Agriculture

Simulation of the future afro-alpine ecosystem was
made by using cellular automata modeling technique on
Dinamica Environment for Geoprocessing Objects
(Dinamica EGO). With this technique, weights of evi-
dence method (Soares-Filho et al. 2004; Soares-Filho et
al. 2006) were used where static and dynamic biophysical
and anthropogenic factors were accounted as independ-
ent variables at the systems loop either to foster or hin-
der landscape transition. In this regard, we have used
population pressure, distance from road and settlement,
slope, elevation, soil type, agro-ecological zone, distance
from previously cultivated and rural settlement as simu-
lation model predictor variables. For future probabilistic
modeling, it undertakes account of historical change and
influence of significant biophysical and anthropogenic
variables during calibration phase. Spatial variables that
were suspected to derive landscape change were pre-
pared from various sources. Simulation has passed series
of procedures. These were a generation of gross and an-
nual transition matrix, derivation of weights of skeleton
ranges, quantification of weights of coefficients, and
mapping of probability transition maps. During gener-
ation of weights of coefficients, spatially autocorrelated
variables were screened by using Crammer’s coefficients
and Entropy technique where one variable is selected
for modeling purpose from autocorrelated pairs. Simu-
lation model calibration was trained by using 1996



Mezgebu and Workineh Ecological Processes (2017) 6:42

landscape map with integration of anthropogenic and
biophysical drivers and it was validated by using 2016
observed landscape map. Validation was made by
using exponential decay function which follows fuzzy
similarity of two categorical landscape maps (Hagen,
2003). By using 1996 as reference, comparison was
made with observed 2016 and simulated 2016 land-
scape maps.

More than current and future landscape changes in
areal extent and transition to another cover type, it had
been tried to analyze habitat fragmentation parameters
like number of patches (NP), patch density (PD), largest
path index (LPI), total edge (TE), and edge density (ED)
(Batistella 2000; Jaybhaye et al. 2016) both at path and
landscape level by using the FRAGSTATS software ver-
sion 4.2 (McGarigal and Marks 1994). This was done
because of habitat fragmentation can have a bigger nega-
tive implication on ecological connectivity and well-
being of residing fauna and flora (Fahrig 2003). Within
analytical period, increasing number of patches, patch
density, total edge, and edge density is considered an
indication of landscape fragmentation and decreasing
ecological connectivity in an ecosystem while increasing
largest patch index is an indication reduction in the sizes
of individual patches of a landscape class (Echeverria et
al. 2006).

To supplement remote sensing-based landscape
change analysis in one way and its drivers, and man-
agement at different institutional arrangements in
other way, focus group discussion (FGD) and key
informant interview (KII) were conducted with resi-
dents around Bale eco-region. For focus group discus-
sion and key informant interview, three Woredas
were selected by using multistage sampling technique.
First, the existing seven Woredas were stratified agro-
ecologically into highland, midland, and lowland Weredas.
Then, three Weredes (one from each agro-ecology)
were selected purposively to represent the three agro-
ecologies.

Basically, these sample Weredas were selected based
on four purposive criteria. The first was an area where
rapid population growth and associated natural resource
degradation was observed; secondly, livelihood strategies
of the local communities (high dependency on forest
resource and livestock production); and thirdly, Woredas
under PFM and PRM projects and national park interac-
tions. This is important for the comparative analysis of
LU/LCC under different institutional arrangements in
BER. The fourth criterion was their accessibility for the
researcher. Information for the aforementioned criteria
was gathered during reconnaissance field survey and
clues from unsupervised image classification undertaken
preliminary to major field survey. Accordingly, Goba
(from highland Woredas), Harena Buluk (from mid-

Page 5 of 13

altitude Weredas), and Delo Mena (from low-altitude
Woredas) were sample geographic units selected for this
study. Each Woredas composed of Kebeles which are
the smallest local administrative units. Out of all Kebeles
existing in the sampled Woredas, six Kebeles (two from
each representative Woredas) were selected purposely
based on their accessibility for investigators.

As suggested by many authors like Bhawana (2015),
Robinson (1999), and Jayasekara (2012), based on theme
of study and researchers interest, the number of partici-
pants in FGD can range from 4 to 10. Accordingly,
groups containing 8—10 elderly people were used in this
study. One female group and two male groups from each
sample Kebeles were formed. Totally, 18 groups were
formed from six Kebeles. The reason for forming separ-
ate male and female groups was traditionally in the study
area females are not allowed to sit and speak out full in
front of males. Two purposive criteria were used to
select participants in FGD. The first was age of partici-
pants, i.e., elder people who have lived long time in the
study area and had detail information about the past and
present ecosystem situations of the study sites. A second
criterion is capability to understand the topics and ex-
press their feelings and opinions. With the intention of
obtaining in-depth information and cross-checking the
data collected from focus group discussions, few key in-
formant interviews were conducted. In this, 15 key infor-
mants (5 from each Woredas) were selected. The
selection of elderly key informants was executed using
snowball sampling method with the help of FGD
participants.

For the analysis of LU/LCC under different institu-
tional set-up in the BER, seven sample Kebeles were
selected from the three agro-ecologies purposively. The
main criteria used to select sample Kebeles were repre-
sentativeness of Kebeles to major LU/LCC types namely
woodland, forest, and grazing land, existing natural
resource management institutions such as Federal gov-
ernment/BMNP, Oromia Regional Government Land
Administration, PFM and PRM, and existing proximate
drivers of LU/LCC such as agricultural expansion.
Accordingly, Wagitu Shabe, Tosha, Rira from Goba
Wereda (highland agro-ecology), Hawo and Shawe from
Harena Buluk Woreda (midland agro-ecology), and
Berak and Naniga Dera from Delo Mena Wereda (low-
land agro-ecology) are sample Kebeles selected for LU/
LCC analysis under different institutional set-up. Wagitu
Shabe and Shawe are Kebeles under PFM, and Tosha
and Berak are under Wereda land administration. Rira
and Naniga Dera are kebeles under the Federal govern-
ment/BMNP and PRM respectively. Hawo is the only
kebele situated under three institutional set-ups namely
Federal government/BMNP, PFM, and Wereda land
administration.
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Results

Ecosystem change

Post classification accuracy assessment for the prepared
landscape maps had resulted in overall accuracy of 86.0,
86.7, 89.3, and 86.7% for years 1986, 1996, 2006, and
2016 with Kappa coefficients of 0.806, 0.821, 0.857, and
0.833 respectively. Overall classification accuracy of this
study was at its tolerable level of classification accuracy
presented in Salovaara et al. (2005) by considering rec-
ommendations thought by Congalton (1991) and Smits
et al. (1999).

Undertaken satellite image analysis shows that since
1986, there was observed landscape change at the afro-
alpine ecosystem of Bale eco-region. Profound decreas-
ing areal extent was observed on forest and woodland
landscape which are basic ecosystem service providers in
the eco-region. Contrary to these, emanated from popu-
lation pressure and increasing demand for vacant land,
settlement and agriculture have shown increasing areal
extent, which is 17% of the total area in 1986 had ad-
vanced to 28% in 2016 (Table 3, Fig. 2). Profound areal
contraction is observed in forest and woodland land-
scape classes while areal expansion is large in agriculture
and grazing landscapes.

Within analysis period, there were two distinct patterns
observed in Bale eco-region landscape transition. These
were sharp decrease in woodland and forest landscapes
which are prominent ecosystem service providers.
Contrary to these, there is an increase in grazing and
settlement and agriculture which are human-induced
landscapes. At the middle of landscape transition, scrub-
land is increasing which is the result of corrosion of wood-
land, forest, and grazing landscapes during transition to
agricultural land. Focus group discussions and interviews
conducted in BER also support increasing trends in land
under agriculture overtime with a corresponding decrease
in land under forest and woodland cover.

As presented in Table 4, observed landscape change
has experienced both positive and negative trends. From
1986 towards 1996, the biggest rate of change was
observed at woodland followed by forestland which
accounted reductions of 92654 and 5554.9 ha per
annum at transition period of 1986 to 1996. With similar
analysis period, positive and advancing trend was ob-
served in agricultural land followed by expansion of

Table 3 Historical landscape change and areal extent in BER
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grazing land within eco-region which amounted 7888
and 4680 ha per annum respectively.

Reduction rates in forest and wood land had escalated
in analysis period of 2006 to 2016 where annual forest
loss accounts reduction of 14,872 ha of woodland and
6374.5 ha of forest per annum. Within these period,
grazing is encroaching by annual increment rate of
11,568 ha. Followed by grazing land, agriculture had also
increased by 6150 ha per annum.

Similar to quantitative areal changes of natural land-
scapes, it has its distinct pattern of spatial change (Fig. 2).
Forest patches found at the northern corridor were com-
pletely converted to anthropogenic induced landscapes
(agriculture and grazing land). This is because of con-
tiguous effect from human modification and landscapes
affinity to change. More importantly, within analysis
period, there was introduction of larger patches of agri-
culture and grazing land within a closed canopy forest.
In the year 1986, there was smaller patches of grazing
land in south and southeastern part of BER while in
2016, it has expanded take over large expanses of the
region.

Change-induced fragmentation

Landscape level fragmentation indices have showed vari-
ability within analysis period. Accordingly, since 1986, in
Bale eco-region, there is an increasing number of
patches in forest and woodland classes. Contrary to
these, patch density had increased from time to time.
This indicates that within fixed area, there is large num-
ber of patches. A corroded landscape, scrubland has
showed slight changes in patch size and patch size dens-
ity. As class level fragmentation indices presented on
Fig. 3, it clearly indicates Bale eco-region forest and
woodland landscape elements, which are hosting large
number of endemic animals and plants, were at the
threat of fragmentation.

Beyond class level fragmentation, BER has experienced
fragmentation at the landscape level (Table 5). Within
analysis period, landscape level number of patches (NP)
and patch density (PD) have showed a lot decreasing
pattern followed by alarming fragmentation increase in
2016. As per this, in 1986, BER have a total of 630,349
patches while in 2016, the number was reached to
717,731 patches. Similar to NP, PD was increased from

1986 %age 1996 %age 2006 %age 2016 %age
Forest 465,559.8 29.7 4100104 26.2 441,844.0 282 378,098.6 24
Agriculture 263,612.1 16.8 342,493.0 21.8 379,792.7 24.2 441,294.6 28.2
Scrubland 93,368.1 6.0 115,889.9 74 108,824.3 6.9 143,582.8 9.2
Grassland 1655104 106 2123114 135 204,209.1 130 319,8894 204
Woodland 579,490.7 370 486,836.2 311 433,402.1 276 284,675.6 182
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Fig. 2 Spatial pattern of afro-alpine forest change in Bale eco-region from 1986 to 2016
A

40.21 in 1986 to 45.78 in 2016. Largest patch index
(LPI) has shown an increasing pattern similar to total
edge (TE) and edge density (ED). This connotes that
with increasing number of patches, there is an increase
in patch density and total edge which is manifestation of
landscape fragmentation.

Future probable ecosystem change scenarios

Calibrated model for historical landscape change was
validated by using multiple windows similarity. Its result
indicated that at moving window 3 x 3, there was mini-
mum similarity of 0.1 and with moving window 11 x 11,
and there was minimum similarity of 0.3 and maximum

Table 4 Landscape rate of change in Bale eco-region per

annum

Class 1986-1996 1996-2006 2006-2016
Forest —5554.944 3183.363 —6374.538
Agriculture 7888.095 3729.969 6150.186
Scrubland 2252.187 —706.563 3475.845
Grassland 4680.108 —810.234 11,568.033
Woodland —9265.446 — 5343408 —14,872.653

similarity of 0.8 which is indication of good performance
of model simulation capacity (Fig. 4).

Undertaken spatial autocorrelation function have
shown that, there is no spatially autocorrelated variable
that all were considered as predictor variables during
simulation of future landscape likelihood pattern. At
simulation scenario, with business as usual scenario,
there was an increase in agricultural and grazing land
while there was observed spatial pattern of reductions in
forest and woodland landscape elements in 2046 (Fig. 5).
This is probable indication of future probable threat em-
anated from agricultural demand due to population
pressure. Similar to fragmentation patterns noticed from
historical landscape, simulated changes had shown
presence of class level and landscape level fragmentation
of BER.

Simulation results for the coming 30 years show
that there will be massive probable liklihoods in
deforestation of afro-alpine forest and woodland eco-
system in BER with greater reduction in woodland
followed by forest land (Fig. 6). Contrary to this,
human-induced landscapes agriculture and grazing
land have shown some probable increments for the
coming three decades. Beyond its probable areal
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extent, there was change in landscape matrices and
level of fragmentation (Table 6).

Drivers of landscape change

Summary outputs of key informant interviews and focus
group discussion with Bale eco-region residents indicate
that there are both physical- and anthropogenic-related
drivers that have resulted in a change of alpine ecosys-
tem. From series of FGD and KII, five major proximate
(direct) causes were identified as drivers of alpine eco-
system in BER. These were agricultural expansion, forest
fire, illegal logging and fire wood extraction, and over-
grazing and expansion of unplanned rural settlements at
forest corridors. In Goba and Dinsho districts, subsist-
ence (rain-fed crop production) and commercial (chat
and coffee) farming is expanding in all parts of forest
ecosystem at the expense of natural landscape. In
Dinsho Wereda, a number of hills which were previously
covered by small grass, bush, and forest were converted
to small scale crop farms. Moreover, as per the Goba
Wereda investment office in 2015 alone, about 100 ha of
grassland was given to agricultural investment in Ashuta
Kebele. Residents have also noted that forest fire is
major cause of landscape change. Though there were
locally minor fire incidences, they reported that major
perceived fire incidence in 1984, 2000, and 2008 which
burned large expanses of forest, wood, and grassland. As
key informants and focus group discussants stated it, the
source for this was nearly all fire occurred in the
eco-region were human during illegal hunting, honey
harvesting (in which smoke is used to protect the

Table 5 Landscape level fragmentation in BER

Year NP PD LPI TE (in m) ED

1986 630,349.00 4021 27.69 184,320,810.00 117.50
1996 545,178.00 3477 23.26 200,225,040.00 127.70
2006 467,463.00 29.81 2324 186,457,740.00 118.90
2016 717,731.00 4578 20.02 238,270,830.00 152.00

beekeepers), and farm land clearing. Farmers also burned
the afro-alpine scrub lands to initiate fresh grass for their
cattle.

Additionally, from interviews and discussions, there
are also underlying causes which have triggered land-
scape change in region. One of the issues issue raised by
the community members was population pressure and
acute demand for grazing, agricultural land, and fire
wood demands. As key informant said that the popula-
tion pressure is resulted from resettlement programs
(“sefera” in Ambharic) that settled large number of
farmers from drought prone areas of Hararghe Zone in
1985/1986, 1999, and 2003. In addition to these, there
are illegal settlers who migrated from some parts of
Northern highlands. In relation to these, there is increas-
ing urban expansion and establishment of market places
and school centers were also reported proximate cause
of ecosystem degradation as it was reported to increase
demands of wood products at urban areas and facilitates
easy transaction process.

Climate-related shocks were also caused forest ecosys-
tem degradation where rural residents use charcoal pro-
duction as livelihoods coping strategy and income
generation. Even at non-drought years, majority of popu-
lation resided in Robe, Goba, Delo Mena, and Haro
Dumal towns use charcoal and firewood as the energy
source which is harvested from Bale eco-region afro-
alpine ecosystem. Even with current government, there is
weak law enforcement for forest and woodland ecosystem
management where there exist still encroachment of agri-
culture and grazing to protected areas of BER.

Ecosystem management at different institutional settings
Natural resource management in BER falls under four
institutional set-ups namely; the federal government
(Bale Mountain National Park), Oromia Regional State
(Zonal and Wereda administrations), PFM, and PRM.
Participatory forest management in BER implemented
by SHARE Bale project (consortium of 5 organizations,
which are Farm Africa, SOS Sahel Ethiopia, Frankfurt
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Zoological Society (FZS), Population Health Environ-  part of the eco-region implemented by Oromia Regional
ment Ethiopia Consortium (PHEEC) and International —Government and customary leaders joint committee
Water Management Institute (IWMI)), Oromia Forest under the facilitation of SHARE Bale project.

and Wildlife Enterprise (OFWE), and REDD+ project. As it was shown in Fig. 7, rate of forest and wood-
Participatory range land management in the lowland land degradation was high under the federal and
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regional institutional set-ups with an estimated loss of
as high as 400 ha of forest per year under the federal
government. On the other hand, rate of deforestation
is significantly low under PFM and PRM institutions.
This result indicates that natural resources manage-
ment under PFM and PRM institutional arrangements
had shown remarkably higher environmental sustain-
ability. Land use conversion from forest and wood-
lands to agricultural crop farms and settlement was
the major reason for high rate of forest degradation
under the federal and regional institutions. Food
cropping particularly, barley and coffee production by
the rural households and the rapid increase of settle-
ments were the two most important factors for forest
resource degradation under the federal institution.

Discussion

In agreement to the findings of this research, studies
conducted in dry and semi-dry land parts of Ethiopia
such as Garedew (2010), Tefera (2011), and Alemu et al.
(2015) had documented reduction of area under wood-
land and increase in area under agricultural land. Rapid
reduction in woodland and forest and increase in agri-
culture and settlement were also reported by Zeleke and
Hurni (2001) in Dembecha area of Gojjam, Molla et al.
(2010) in the mountain landscape of Tara Gedam and
adjacent agro-ecosystems, Northwest Ethiopia while
Kindu et al. (2013) in Munessa Shashemene landscape
of the Ethiopian highlands. Though our study claimed
reduction of natural landscapes and expansion of agri-
culture, contrarily, Alemayehu (2015) reported that there

Table 6 Simulated class level fragmentation in BER
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was expansion of forest land between 1973 and 2015
with corresponding reduction of cultivated land in Fagita
Lekoma, Northwestern Ethiopia. This was attributed to
massive expansion of eucalyptus plantation at private
farm plots, which can increase green vegetation cover
other than natural vegetation (Tefera et al. 2017). When
eucalyptus vegetation is interpreted from Landsat im-
agery, it seems forest cover as it has full canopy.

Level of habitat fragmentation as evidenced from ana-
lysis has shown increasing trend. Habitat fragmentation
causes increasing length of boundary, reduces size of
patches and respectively halts normal functioning of
ecological processes (Collinge 1996). This habitat frag-
mentation was posing chronic challenge for endemic
animals’ viability and conservation activities especially at
fragmented landscapes (Mekonnen et al. 2012; Mamo
and Bekele 2011; Temesgen 2015; Mekonnen et al.
2017). This is because animals in a fragmented ecosys-
tem migrate from patches to patches in search of feed
and water. Similar to these studies, montane ecosystem
fragmentation was reported as chronic problem for wild
mammals in central Ethiopia (Mohammed and Afework
2014). In other words, with encroachment of grazing
and agriculture to forest and woodland alpine ecosys-
tems, there was cutting of ecosystem connectivity by an-
thropogenic land use types where it affects ecological
functioning. More importantly, habitat fragmentation
can foster habitat lose and related impacts (Ewers and
Didham 2006). Fragmentation will also cause proliferation
of successional plant species than primary vegetation types
(Chazdon 2008). Simulation results have also shown prob-
ability of increasing class and landscape levels of fragmen-
tation in BER which calls urgent ecological restoration
works and tight conservation activities.

As evidenced from focus group discussion, woodland
and alpine forest ecosystem degradation was associated
with population pressure both from natural increment and
resettlement programs. According, to Central Statistical
Agency (2007) and Temesgen (2015) the population in
Bale mountains eco-region had escalated. Accordingly, in
1994 the total population in the study area was 475,515
while in 2016 it has increased to 878,493 with population
density of 52 person/km? This implies that between these
two periods the number of population in study area

Forest Woodland

Landscape level

Reference 2016 Simulated 2046

Reference 2016

Simulated 2046 Reference 2016 Simulated 2046

NP 66,446 66,649 218,221

PD 423 4.25 13.92

LPI 20.02 19.96 146

TE (m) 53,601,660 55,886,010 125,809,290
ED 34.19 3565 80.25

218,783 717,731 714,499
13.95 45.78 4558

19.96 20.02 19.96
55,886,010 238,270,830 247,069410
97.56 152 157.61
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PNRM

increased by about 402,978 with annual rate of increment
about 18,318 persons per year. In these regard, a study
made by Lemenih et al. (2012) in resettler hosting North
western parts of Ethiopia evidenced that woodland ecosys-
tem was highly threatened by clearing for agricultural land
and firewood demands. More importantly, at government
transition period, 1983—1987, there was problem of natural
resource law enforcement where large amount of Bale
eco-region was subjected to deforestation and fire risk.
Accordingly, the fire occurred in 1984 destroyed about
19,500 ha of vegetated lands in different parts of the eco-
region (Belayneh et al. 2013), while in year 2000 fire
destroyed approximately 20,000 ha of moist evergreen for-
est (Wakjira 2015). On the other hand, in the year 2008,
fire destroyed 12,825 ha of vegetated land in the eco-
region (Belayneh et al, 2013). Out of the 12,825 ha
destroyed by 2008 fire about 11,972 ha (93%) was
destroyed within the intervention Weredas. Similarly,
Abera and Kinahan (2011) also reported about 142 fire in-
cidents that occurred within the national park boundary
between 1999 and 2008. Additionally, resource ownership
problems and perception of free ridership is posing a threat
on afro-alpine forest ecosystem sustainability (Temesgen
2015). The study has claimed destruction of 38, 150 ha of
woodland, forest and Erica shrub by anthropogenic in-
duced fire. Studies done other than BER at highland areas
of Ethiopia (Garedew 2010; Engdawork and Bork 2014;
Fekadu 2015) claimed that climate variability, declining
agricultural productivity and recurrent drought were also
forces resident community to base livelihood strategy
from forest and woodland ecosystem clearance. Similar to
BER, low enforcement and weak regulatory policies were
also attributed with forest and woodland ecosystem con-
traction with opportunity cost of increasing anthropogenic
induced grazing and agricultural land (Lemenih et al
2012; Fekadu 2015).

Since 1986 there were attempts made to manage and
conserve ecosystems at BER at different institutional
arrangement. Outputs of this research indicate that

participatory forest management (PFM) was successful to
reduce ecosystem change. This was because of resident
community organized in groups have provided exclusive
user rights and clearly defined responsibilities and
decision-making powers by innovatively diversifying liveli-
hoods from forest production, animal husbandry and eco-
tourism (Girma, 2006). Similar to current study, Gobeze
et al. (2009) have claimed that PFM have brought positive
changes on forest ecosystem management while simultan-
eously increasing community participation, beneficence
from the project and capacitating local level decision mak-
ing. More importantly, PFM programs to rehabilitate
alpine forest and woodlands ecosystem was integrated
with national and sectoral policies where government is
also a significant actor in ecosystem restoration program
(Pistorius et al. 2017). Ecosystem management and land-
scape restoration works with government institutions is
not successful as they fail to develop sense of ownership
for participating community. Upscaling participatory for-
est management at all parts of BER can be benefit as
future scenarios developed with participatory forest man-
agement has predicted positive forest volume changes in
Chilimo forest areas (Habtemariam et al. 2008).

Conclusions

Though Bale eco-region is hosting large number of plant
and animal endemism, in previous three decades it was
experienced changes emanated from various drivers.
Undertaken satellite imagery analysis which is verified
from the field clearly indicates that landscape classes
which have tremendous ecological and ecosystem ser-
vices were under threat. Forest and woodland has shown
a diminishing areal extent which is 29.7 and 37.0%
respectively in 1986 to 24.1% and 18.2% in 2016. A likli-
hoods future simulation trend undertaken with account
of various static and dynamic variables has shown there
will be probable decrease of forest and woodland for the
coming three decades. Ecosystem health and functioning
and resistance for change drivers can be determined by
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current level of fragmentation. Bale mountains alpine
ecosystem has experienced increased level of fragmenta-
tion which is evidenced from class and landscape level
fragmentation indices generated by edge and area matrix
analysis. Similar analysis undertaken on simulated land-
scape has shown increasing level of fragmentation. In
past three decades, there was an attempt of ecosystem
conservation under different institutional arrangement.
Undertaken management strategies at different parts of
Bale eco-region clearly shows, only participatory forest
management strategy found relatively successful in redu-
cing ecosystem change. As simulation outputs of this
study has alarmed probable ecosystem change mani-
fested by diminishing areal extent and landscape frag-
mentation, better ecosystem management strategies than
previously implemented unsuccessful intervention strat-
egies. If management strategies were not re-innovated
and community based participatory forest management
is not provided a due emphasis at BER, which is place of
endemism and biodiversity hotspot zone, current ecosys-
tem services provided by eco-region might experience
the risk of vanishing.
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