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Abstract: We investigated the spatial relations of ecological and social processes to point at how state
policies, population density, migration dynamics, topography, and socio-economic values of ‘forest
coffee’ together shaped forest cover changes since 1958 in southwest Ethiopia. We used data from
aerial photos, Landsat images, digital elevation models, participatory field mapping, interviews,
and population censuses. We analyzed population, land cover, and topographic roughness (slope)
data at the ‘sub-district’ level, based on a classification of the 30 lowest administrative units of one
district into the coffee forest area (n = 17), and highland forest area (n = 13). For state forest sites (n =

6) of the district, we evaluated land cover and slope data. Forest cover declined by 25% between 1973
and 2010, but the changes varied spatially and temporally. Losses of forest cover were significantly
higher in highland areas (74%) as compared to coffee areas (14%) and state forest sites (2%), and lower
in areas with steeper slopes both in coffee and highland areas. Both in coffee and highland areas,
forest cover also declined during 1958–1973. People moved to and converted forests in relatively low
population density areas. Altitudinal migration from coffee areas to highland areas contributed to
deforestation displacement due to forest maintenance for shade coffee production in coffee areas and
forest conversions for annual crop production in highland areas. The most rapid loss of forest cover
occurred during 1973–1985, followed by 2001–2010, which overlapped with the implementations of
major land and forest policies that created conditions for more deforestation. Our findings highlight
how crop ecology and migration have shaped spatial variations of forest cover change across different
altitudinal zones whilst development, land, and forest policies and programs have driven the
temporal variations of deforestation. Understanding the mechanisms of deforestation and forest
maintenance simultaneously and their linkages is necessary for better biodiversity conservation and
forest landscape management.

Keywords: deforestation; deforestation displacement; forest coffee; migration; political economies;
primary forest; secondary forest; tropics

1. Introduction

Tropical forests shelter a substantial part of the world’s biodiversity [1,2] and play a vital role in
regulating global climate processes by storing carbon [3,4]. They also provide important sources of food,
energy, and shelter for millions of people [5,6], and many other ecosystem services, e.g., flood control
and cultural services [7,8]. However, deforestation remains a threat to tropical forests, including forests
in Ethiopia [3,9–11].

Various direct and indirect mechanisms are reported for the continued high rates of deforestation
in tropical countries, including expansion of small-scale and commercial agriculture, wood fuel and
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timber extraction, increased global demand for land for food and biofuel production, and deforestation
displacement [12–16]. Tropical deforestation is shaped by complex and varied proximate causes and
underlying drivers [17]. The proximate causes are direct human activities or actions, e.g., agricultural
expansion and timber extraction, that change forest conditions, whereas underlying drivers,
e.g., demographic pressure, poverty, and broader social and market circumstances are core conditions
that indirectly shape and reinforce the proximate causes of forest cover change. Hence, causes and
drivers in a particular geographical setting, as well as land change in general, can in most cases only be
understood through analysis of a complexity of driving forces involving situation-specific interactions
among a large number of factors at different spatial and temporal scales [17–19]. This implies also
that forces of conservation and forest maintenance are important to account for to fully comprehend
forest dynamics and transitions (cf. [20]). Understanding temporally and spatially specific causes and
driving forces, which relate both to forces of deforestation and conservation, is critical for devising
policy interventions [17] and advancing understanding of land change at larger spatial scales [21].

Causes of deforestation in Ethiopia include conversion to agriculture [22–26], and use of forests
as source of wood for timber, charcoal production, firewood, and construction [27,28]. These causes
are shaped by underlying drivers, including national policies, institutional instability, agricultural
stagnation, poverty, and demographic pressure [22,24–26,29]. Southwest Ethiopia, which is the focus
of this study, shelters most of Ethiopia’s remaining forests that have important social-ecological
significances [30,31]. The forest in the southwest offers amiable conditions for coffee (Coffea arabica)
production and the “forest coffee ecosystem” mostly in the south and southwest [32] contribute about
45% of the total coffee produced in the country [33]. Coffee is Ethiopia’s main source of foreign
currency earning [34], and the need for shade trees for coffee production has had a conserving effect
that has reduced the rate of deforestation over the past four decades within coffee-growing altitudes,
c. 1300–2000 m [35]. In contrast to this conserving effect, a number of studies have shown that state
policies (e.g., resettlement programs), demographic pressure, demand for timber and wood products,
and conversion of forest to agricultural land have reduced forest cover in the region (e.g., [23,36–39]).
However, what remains to be studied in more detail is how farmers’ practices (e.g., coffee production)
have interacted with state policies (e.g., logging quotas in the 1980s and early 1990s). This would lead
to a better understanding of how such interactions have shaped forest cover change, both through
mechanisms of deforestation and processes that favor forest maintenance.

In this study, we took the case of Gera district within southwest Ethiopia to investigate the spatial
relations of ecological and social processes. More specifically, we wanted to see how state policies,
migration dynamics, topography (slope and elevation), and the ecological and socio-economic values
of ‘forest coffee’ have shaped forest cover changes over time and across space. We investigated (i) the
mechanisms of deforestation and conservation at smaller scales, and (ii) how they add up to patterns
at larger scales (sub-district) and links across landscapes. To do this, we combined an analysis of
remote sensing data with data from participatory field mapping, interviews, focus group discussions,
and population censuses. We quantified forest and non-forest area changes based on a classification of
30 kebeles (kebele is the lowest administrative unit in Ethiopia) of Gera district into a coffee forest area,
hereafter coffee areas (n = 17), and highland forest area, i.e., the zone above coffee-growing altitudes,
hereafter highland areas (n = 13) and state forest sites (n = 6). In a second step, we matched this pattern
with the social-ecological drivers, e.g., agriculture and coffee production, slope, population density,
and polices, that we could identify.

2. Methods

2.1. Research Setting

The study was conducted in Gera district, Jimma zone, Oromia region in southwest Ethiopia
(Figure 1). The district is divided into 29 rural kebeles and a town and has a total area of 1454 km2 and
about 138,000 inhabitants, 95% of whom are smallholder farmers [40]. Its landscape is characterized by an
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agriculture-forest mosaic that integrates shade coffee production in many places. Altitudes range between
1390 and 2980 m above sea level. Coffee is an important cash income source for most smallholding farmers
in the district. Each kebele is classified as being located either within coffee areas or highland areas,
largely on the basis of the microclimatic suitability for shade coffee production, following differences in
elevation that influence other biotic and abiotic features ([41]; Figure 1). Sixteen kebeles and Chira town
are located in the sub-district designated as coffee areas while the remaining 13 are situated in highland
areas. The coffee and highland area kebeles are located in the southern and northern parts of the district,
respectively (Figure 1). In addition to coffee, the moist evergreen Afromontane forest shelters several tree
species, including Olea welwitschii, Pouteria adolfi-friedericii, Schefflera abyssinica, and Syzygium guineense [42],
as well as other economically important endemic plant species, such as the spice Aframomum corrorima [30].
The forest has also been widely used for honey production via locally produced beehives hung on
trees [43].
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The land cover (situation for 2010) of the district was produced from a free Landsat image (http://glovis.usg
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2.2. Data Collection and Analyses

2.2.1. Participatory Field mapping, Focus Group Discussions, and Interviews

We collected field data on land use dynamics and drivers during three periods: 3 May to 10 July 2011,
4 October to 4 November 2013, and 6 January to 17 January 2015 (hereafter the first, second, and third field
work periods, respectively). During the first fieldwork period, we collected data on land use history through
participatory field mapping and interviews with 21 farmers living in 4 villages: Hertanno, Kerebe, Kersa,
and Maru. Kerebe and Kersa are located in Sadi Loya and Wanja Kersa, respectively, both of which are coffee
area kebeles. Hertanno and Maru are located in Muje, a highland area kebele. We purposively selected five
farmers from each village (six from Kersa), covering different ages (younger, <35; middle ages, 36–50 years;
older, >50 years) and genders (19% women) to capture diverse perspectives on land use dynamics.
We visited nearly all (99%) of the 213 fields used by the selected farm households and mapped 97.7%
of these fields by recording coordinates of their boundaries with a hand-held GPS (Global Positioning
System) device. We also identified these fields and outlined their boundaries on printouts of Google Earth
images. The interviews with the farmers covered the land use histories of all the different fields they used,
including home gardens as well as annual crop, grazing, and coffee land. To systematize the oral history
and help trigger the interviewed farmers’ memory of past events, we used two key reference years: 1974
(when the socialist military overthrew the last feudal monarch, Emperor Haile Selassie) and 1991 (the year
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when the socialist government was itself overthrown and the current government, the Ethiopian People’s
Revolutionary Democratic Front, took power).

During the first fieldwork period, we also conducted focus group discussions about forest cover
histories and drivers in the villages and district with groups of seven men on average in each of the
four villages. We conducted interviews on the same subject with a total of 12 key informants during
the first and second fieldwork periods (five and seven interviews, respectively), as well as a group
discussion with three key informants during the second fieldwork period to generate additional data on
forest cover change histories and for triangulation. The key informants, who were identified through
snowball sampling, were either farmers or staff at the Agricultural and Rural Development Office
or the Oromia Forest and Wildlife Enterprise—Jimma Branch Office (OFWE-JBO). All of them were
considered knowledgeable about past land use dynamics in the district, and most of them were elderly.

During the third fieldwork period, we published our preliminary findings in the form of a short
pamphlet containing popularized text in Afaan Oromo (a regional language) along with photos from
previous fieldwork. This was distributed mainly to informants and other farmers as a means of
reporting back and to invite comments and debate on findings. We also conducted several informal
conversations with farmers encountered while walking across the landscape, which generated data on
both current and historical forest cover change that corroborated data from earlier fieldwork periods.

We combined the qualitative data from participatory field mapping, focus group discussions,
and interviews, and thematically analyzed this data to get an understanding of possible underlying
mechanisms for the patterns of forest cover changes observed in the remotely sensed imageries.
More specifically, the qualitative data provided insights about the diversity of drivers that explain the
temporal and spatial variations in the patterns of forest cover change.

2.2.2. Analysis of Satellite Images and Slope Data

We used the forest and non-forest cover datasets for 1973, 1985, 1995, 2001, and 2010 generated
by Hylander et al. [35] from the analysis of free multispectral Landsat images obtained from http:
//www.usgs.gov/. From these datasets, we extracted and used the data covering Gera district. However,
the land cover data of Hylander et al. [35] only covered 94.4% of the district’s total area. To produce a
complete analysis of forest and non-forest cover change for Gera district, we analyzed free multispectral
Landsat images for the omitted part using a method similar to that of Hylander et al. [35] (for a detailed
description of the analysis of satellite images, see Appendix A.1).

We then computed the extent of forest and non-forest cover for each kebele from each image
using kebele boundaries obtained from the Central Statistical Agency of Ethiopia (Figure 2). Most of
the forestland outside kebele boundaries was designated as separate “state forest” sites (Figure 1).
We used the kebele and state forest sites boundaries for the 2007 census for all studied years, and thus,
the findings of this study should be interpreted within this context. We used the zonal histogram in
ArcMap’s spatial analyst tools to extract forest and non-forest areas for each kebele and state forest sites.
From the forest cover data, we computed (i) the percentages of forest cover in 1973, 1985, 1995, 2001,
and 2010; and (ii) the relative rate of forest and forest area changes per year for the periods 1973–1985,
1985–1995, 1995–2001, 2001–2010, and 1973–2010. We did this first for each kebele and each state forest
site and then for the aggregated coffee areas, highland areas, state forest sites, and district separately.

To evaluate if topographic roughness, i.e., steep slopes, might have prevented the conversion
of forests to agriculture, we analyzed the relations between forest cover and the mean slopes.
We used the Shuttle Radar Topographic Mission’s (SRTM) 30-m digital elevation models (DEMs)
(https://lta.cr.usgs.gov/SRTM1Arc) and extracted the mean slope (in degree) for each kebele and state
forest site. We used the zonal statistics as table in ArcMap’s spatial analyst tools to extract the mean
slope for quantitative analysis.

http://www.usgs.gov/
http://www.usgs.gov/
https://lta.cr.usgs.gov/SRTM1Arc
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2.2.3. Interpretation of Aerial Photos

In order to understand forest cover prior to the 1973 Landsat image, aerial photographs taken
on 15 January 1958 were interpreted for one coffee area—Sadi-Wanja, and one highland area—Muje
(Figure 1; Figure A1). Sadi-Wanja is a coffee area of approximately 1700 ha located mostly within Sadi
Loya and Wanja Kersa kebeles, while Muje is a highland area of approximately 3000 ha located mostly
within Muje kebele. Sadi-Wanja and Muje were selected for the aerial photo analysis because we had
detailed field data for these areas, including oral history accounts. Sadi-Wanja, which is situated along
a road that has been in place for over a half century, has attracted immigrant settlers and private coffee
investments. Muje kebele has also attracted migrations from other kebeles within Gera and nearby
districts, as well as logging enterprises. We obtained the aerial photographs as paper copies from the
Ethiopian Mapping Agency (for a detailed description of the aerial photos and their interpretation,
see Appendix A.2). The forest and non-forest land uses were visually interpreted on the basis of tone,
texture, and patterns, and digitized manually in ArcMap. We computed forest and non-forest areas for
1958 for Muje and Sadi-Wanja and compared these to the areas from the datasets of Hylander et al. [35].

2.2.4. Population Data from National Censuses

Kebele population data were taken from the 1984, 1994, and 2007 national population censuses [44–46].
During the 1984 and 1994 censuses, Gera had 47 and 50 smaller rural kebeles including ‘towns’, respectively.
These smaller kebeles had been merged into 29 larger kebeles and one town when the 2007 census was
conducted. We obtained a list of the smaller kebeles and towns that were merged from key informants
at district offices and aggregated the population numbers of the smaller kebeles as the total population
for each merged kebele in 1984 and 1994, thus allowing comparison with the corresponding population
numbers in 2007 (Table A1).

We proportionally interpolated the population numbers for 1985, and for 1995 and 2001 based on
the population increase during 1984–1994 and 1994–2007, respectively. We extrapolated the population
number for 2010 based on the population increase during 1994–2007. Next, we calculated crude
population densities for 1985, 1995, 2001, and 2010 to form proxy population densities for the periods
1973–1985, 1985–1995, 1995–2001, and 2001–2010, respectively, and used these in non-parametric
statistical tests.

2.3. Statistical Tests

To evaluate the patterns of forest cover change, population density, and slope in coffee areas,
highland areas, and state forest sites, we used two non-parametric methods: Wilcoxon rank-sum and



Land 2020, 9, 278 6 of 29

Spearman’s rank correlation tests. We used non-parametric methods due to skewed distributions in
the data. We used the Wilcoxon rank-sum test to evaluate differences in the extent of (a) forest cover
changes, and (b) population densities between the coffee and highland area kebeles. We compared
the (a) forest area change per year and (b) rate of relative forest cover change in coffee areas versus
highland area kebeles for the 1973–2010 period and for the four sub-periods: 1973–1985, 1985–1995,
1995–2001, and 2001–2010. We tested whether there were any differences in the population densities of
coffee areas and highland areas in 1985, 1995, 2001, and 2010. We used the Wilcoxon rank-sum test
to also evaluate if there were any differences in the mean slope between coffee areas, highland areas,
and the state forest sites. We compared the mean slopes of (a) coffee areas to highland areas, (b) coffee
areas to state forest sites, and (c) highland areas to state forest sites.

We used Spearman’s rank correlation test to evaluate whether the extent of forest cover changes,
in terms of forest area change per year and rate of relative forest cover change, was correlated with
population densities in coffee and highland area kebeles. As inputs, we used the population densities
in 1985, 1995, 2001, and 2010 versus (a) the forest area change per year or (b) the rate of relative
forest cover change during 1973–1985, 1985–1995, 1995–2001, and 2001–2010 and 1973–2010. We used
Spearman’s rank correlation test to also evaluate whether the extent of (a) forest cover and (b) rate of
relative forest cover change were correlated with the mean slopes for the whole district, the state forest
sites, and coffee and highland area kebeles. In the first test (a), we used the mean slope versus the
percentages of forest cover in 2010 for the state forest sites, and coffee and highland area kebeles, as
inputs. In the second test (b), the inputs used were the mean slope versus the rate of relative forest
cover change during 1973–2010 for the state forest sites, and coffee and highland area kebeles. We used
version 3.1.0 of the free R software package to perform the non-parametric tests [47].

3. Results

3.1. Extent and Patterns of Forest Cover Change

From 1973 to 2010, the forest cover in Gera declined from 78.9% to 59.5%, corresponding to about
760 ha per year, or 24.5% of the 1973 forest cover was lost (Table 1; Table A2). However, the spatial
variation was large. The forest cover in highland area kebeles shrank from 70.2% in 1973 to 18.1%,
which amounts to a loss of 74.2% of the 1973 forest in 2010 while that in coffee area kebeles declined
from 72.6% to 62.1%, i.e., a loss of 14.4% of the 1973 forest. During this period, the forest cover in areas
designated as state forest decreased from 97.7% to 95.7%, which amounts to a loss of 2.1% of the 1973
forest in 2010 (Table 1).

Table 1. Patterns of forest cover change in Gera from 1973 to 2010.

Land Cover
Year

1973 1985 1995 2001 2010

Coffee forest areas (including Chira town)

Forest (ha) 48,265 43,941 42,861 42,534 41,300

Non-forest (ha) 18,198 22,522 23,602 23,929 25,163

% of forest cover 72.6 66.1 64.5 64.0 62.1
Remaining of the 1973 forest (%) 91.0 88.8 88.1 85.6

Highland forest areas

Forest (ha) 27,407 18,478 15,839 13,082 7080

Non-forest (ha) 11,638 20,567 23,206 25,963 31,965

% of forest cover 70.2 47.3 40.6 33.5 18.1

Remaining of the 1973 forest (%) 67.4 57.8 47.7 25.8
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Table 1. Cont.

Land Cover
Year

1973 1985 1995 2001 2010

Areas outside kebeles designated as state forest

Forest (ha) 38,991 38,721 38,610 38,528 38,171

Non-forest (ha) 914 1184 1295 1377 1734

% of forest cover 97.7 97.0 96.8 96.5 95.7

Remaining of the 1973 forest (%) 99.3 99.0 98.8 97.9

Gera (total)

Forest (ha) 114,663 101,140 97,310 94,144 86,551

Non-forest (ha) 30,750 44,273 48,103 51,269 58,862

% of forest cover 78.9 69.6 66.9 64.7 59.5
Remaining of the 1973 forest (%) 88.2 84.9 82.1 75.5

During 1973–2010 and all sub-periods except 2001–2010, highland area kebeles saw significantly
larger forest area change per year in comparison to coffee area kebeles (Table 2; p-values 0.002, 0.001,
0.009, and 0.017, respectively). Moreover, during 1973–2010 and all four sub-periods, the relative rate
of forest cover change was significantly higher in highland area kebeles than in coffee area kebeles
(Table 2; p-values < 0.001, 0.003, 0.004, 0.001, and <0.001, respectively). The highest forest area decline
per year in both coffee and highland area kebeles and the whole district occurred between 1973 and
1985 (360, 744, and 1127 ha per year, respectively), and the second highest occurred between 2001 and
2010 (137, 667, and 844 ha per year, respectively) (Table A2).

The aerial photo interpretation revealed that a total of 70.4% of the Muje and Sadi-Wanja areas was
covered by forest in 1958, but only 21.1% of the forest that existed in 1958 remained in 2010 (Table A3;
Figure A1). These two areas differed both in the extent of forest cover in 1958 and in the rate of forest
cover change during 1958–1973. In 1958, about 84.2% of Muje and 45.9% of Sadi-Wanja was covered
by forest (Table A3). In 2010, about 17.1% and 34.4% of the 1958 forest area remained in Muje and
Sadi-Wanja, respectively.

According to the participatory field mapping and interviews, the land that the interviewed farmers
allocated for annual crop production and settlement in highland areas increased from 28% in 1974 to
75% in 2011 at the expense of forests (all were converted to other land uses, mainly to agriculture).
Forest land was also converted to semi-managed forest coffee in coffee areas (Table A4).

3.2. Population Density and Forest Cover Changes

Gera’s population density increased from 38 persons/km2 in 1984 to 77 persons/km2 in 2007
(Figure A2a). In all highland area kebeles, and in many coffee area kebeles, human population densities
increased during the 1984–2007 period (Figure A2b,c). In some coffee area kebeles, the population
densities remained low, e.g., less than 50 persons/km2 in Gamina Dacho, Gara Naso, Gura Afalo,
Kella, and Walla, and stable, e.g., in Kayiche Chariko and Boricha Deka (Figure A2b). The estimated
population densities in 1985, 1995, 2001, and 2010 were significantly lower in coffee area kebeles
compared to highland area kebeles (Table 2; p-values 0.041, 0.012, 0.005, and 0.002, respectively).
Highland area kebeles with higher population density had lower forest cover or area changes per
year during 1973–2010 and the four sub-periods from 1973 to 2010 (Figure 3a–e; p-values 0.003, 0.020,
<0.001, 0.015, and p = 0.023, respectively). Coffee area kebeles with higher population density also had
lower forest cover area changes per year during 2001–2010 (Figure 3e; p = 0.002). Highland area kebeles
with higher population densities had higher relative rate of forest cover changes during 1973–1985
(Figure 3g; p = 0.025), and a tendency to have lower rates of forest cover changes during 2001–2010
(Figure 3j; p = 0.067). Coffee area kebeles with higher population density also had higher relative rate
of forest cover change during 1973–2010 (Figure 3f; p = 0.004).
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Table 2. Differences in forest area change per year, relative rate of forest cover change, and population density between kebeles located in coffee and highland forest
areas of Gera.

Area Names
Annual Forest Cover Change (ha/year) Relative Forest Cover Change (rate) Population Density

1973–1985 1985–1995 1995–2001 2001–2010 1973–2010 1973–1985 1985–1995 1995–2001 2001–2010 1973–2010 1985 1995 2001 2010

Coffee forest area kebeles excluding Chira town (n = 16)

Average −22.1 −6.4 −3.5 −8.7 −11.6 −0.201 −0.082 −0.003 −0.007 −0.266 61 77 89 107

Standard deviation 28.7 17.4 12.1 10.5 15.0 0.240 0.145 0.077 0.118 0.280 44 50 53 60

Highland forest area kebeles (n = 13)

Average −57.2 −20.3 −35.3 −51.3 −42.3 −0.481 −0.236 −0.132 −0.222 −0.749 102 140 167 209

Standard deviation 29.6 16.8 62.6 134.8 46.5 0.177 0.133 0.118 0.193 0.077 50 68 74 83

Wilcoxon rank sum
test for kebeles in
Coffee areas
excluding Chira town
vs. highland areas

178 163 159 125 174.5 171 168 179 183 198 57 46.5 39 35

P-value for kebeles in
coffee areas excluding
Chira town vs.
highland areas †

0.001 0.009 0.02 0.369 0.002 0.003 0.004 0.001 <0.001 <0.001 0.041 0.012 0.005 0.002

†: The p-values were obtained from a Wilcoxon rank-sum test for (i) forest area per year change, (ii) relative rate of forest cover change, and (iii) population densities of coffee areas and
highland areas kebeles during each period and year.
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1 

 

 

Figure 3. Correlation between forest cover changes (area and relative) and population density in kebeles
in coffee and highland forest areas of Gera. Chira town is not included in the graph and statistical
test for which the p-values are reported. The linear trend lines are included where the p-values for
Spearman’s rank correlation tests are <0.05 (solid) and 0.067 (dotted). The y-values are forest cover
changes (area, a–e; relative, f–j) during 1973–2010, 1973–1985, 1985–1995, 1995–2001, and 2001–2010,
while the x-values are population densities in 2010 (a,e,f,j), 1985 (b,g), 1995 (c,h), and 2001 (d,i) for the
kebeles in coffee and highland forest areas.
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3.3. Slopes and Forest Cover Changes

On average, state forest sites had somewhat steeper mean slopes (13.5 degrees) than the coffee
and highland area kebeles (10.6 and 9.6 degrees for coffee and highland areas, respectively, significant
between state forest and highland areas, p = 0.001). When all kebeles and state forest sites were pooled
there was a significant higher percentage of forest cover (2010 data) in areas with steep slopes (p < 0.001).
However, when analyzed separately, only coffee area kebeles displayed such a relationship (p < 0.001),
while state forest sites and highland area kebeles consistently had high and low forest cover irrespective
of slope, respectively (Figure 4a). The relative change in forest cover during 1973–2010 was higher in
kebeles with lower mean slopes, both for coffee (Figure 4b, p < 0.001) and highland areas (p = 0.02).
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3.4. State View, Ownership, and Management of Forest

Prior to 1974, the Ethiopian government explicitly conceived forests as lafa xafii that had to be
converted to and developed as agricultural land (Figure 5a). The Emperors, who claimed the ownership
of forestland, sold this land, and offered it to the nobilities, churches, and soldiers as gifts for their
services [48,49]. According to the farmers we interviewed, the forestland—being perceived as lafa
xafii—was sold at low prices, which attracted many people to Gera because it gave them an opportunity
to own agricultural land (see also Section 3.5).

State forest ownership and coercive management during the socialist government, commonly
known as Derg, period (1974–1991) also failed to mitigate forest conversion (Figure 5a). A lack of logistic
capacity and manpower to coercively protect forest from being cleared reduced the effect of protection
efforts in many places. During the political and institutional gap and instability of the government
change in the early 1990s, large parts of community forest areas were cleared and claimed by farmers
as agricultural land. Later, these farmers received certificates of ownership of these lands from the
district. The transfer of forestland to investors for coffee production by the post-1991 government also
contributed to forest cover change in some places. The 2010 satellite image analysis, along with the
interview data, confirmed a decline in forest cover bordering the northeast of Ganji Challa kebele
(Figure 1), which is one of the areas where private coffee-producing companies have been active in
recent years.

Since 2003, a participatory forest management (PFM) program has been in place in Gera, guaranteeing
farmers the right to access non-timber forest products. OFWE-JBO oversees the protection and development
of the forest in Gera on behalf of the government. According to our informants, the protection offered
by OFWE-JBO and the PFM program has contributed to the rehabilitation of forest and a reduction in
deforestation in some areas (see also [50]). However, the informants also confirmed that major deforestation
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has taken place in several other areas where PFM has been scaled up lately, especially in remote highland
area kebeles.Land 2020, 9, x FOR PEER REVIEW 11 of 30 
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Figure 5. Summary of causes and drivers of forest cover change and percentages of forest cover in coffee
and highland forest areas and state forest sites of Gera, 1958–2010 (a). Imperial refers to the pre-1974
feudal monarchy; Derg was the socialist military government; and EPRDF stands for Ethiopian People’s
Revolutionary Democratic Front, a party that took government power since 1991. The y-values (b–g)
are percentages of forest cover in 1958, 1973, 1985, 1995, 2001, and 2010. Blank spaces in (a) indicate that
the driver is not relevant or that data is lacking for that specific land area. 1 Some of the state forest sites
include forest and semi-managed forest coffee. 2 In the villagization program, the Derg government
forced farmers in and around forests to move to a newly established village far from forest edges.
This move led to forest recovery in limited parts of a small number of coffee area kebeles, e.g., Wanja
Kersa, since the fields were left uncultivated. Afterwards, the recovered forest was maintained.

3.5. Immigration and Resettlement

Over the past half century, there have been flows of immigrants to Gera from other parts of
Ethiopia. The perception that there were ample amounts of fertile land available in the southwest
has been a major reason attracting immigrants from land-scarce and/or drought- and famine-prone
parts of the country. According to our informants, large numbers of people from both distant areas
and nearby districts, such as Sigimo, Setema, and Gomma, migrated to Gera before the mid-1970s
due to the availability of cheap forestland that could be bought from the Emperor or his ancillaries
(mainly absentee landlords). Such immigration contributed to forest conversion during the earlier
period (1958–1974) in both coffee and highland areas. According to the local residents interviewed in
Muje, this immigration was the major cause for the forest cover decline in the area during 1958–1973
(Table A3).
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“My father came from Ilu Abbaa Booraa [a neighboring zone] to Gera district, and bought
forestland from a Koro [a local governor] of the Muje area during Haile Selassie. At that
time, there were only a few households living in the area, and if you needed to borrow a fire
from a neighbor, you had to travel a long way to your nearest neighbor’s house. There were
no footpaths, not even for visiting neighbors, and you had to make your own paths in the
forest.” (50-year-old man from Muje, interviewed on 16 May 2011)

“I came from Sigimo district when I was around seven years old [c. 1954]. At that time, there
were only about thirty-five households living in Muje. Later on, as the relatives of early
settlers started to slowly arrive, the number of residents began to increase.” (64-year-old man
from Muje, interviewed on 17 May 2011)

The Derg’s national “land to the tillers” proclamation in 1975, which offered any person interested
in engaging in agriculture the possibility of being allocated up to 10 ha of agricultural land [51],
initiated more chain migration from many neighboring districts to Gera. Migrants also arrived in
Gera around the mid-1970s from north and central Ethiopia, settling both in some of the coffee area
kebeles (e.g., Tuma Teso and Sadi Loya) and in highland area kebeles (e.g., Boge Dedo). The people
interviewed in Gera had a common understanding that immigration had contributed to increasing
the population size and pressure on the forests through more land conversions to agriculture as
well as forest degradation from increased demand for firewood, timber, and wood for construction.
According to our informants, even though the rate of in-migration to Gera had recently decreased
significantly, the sharp increase in population numbers in Walla (2007) was, for example, attributed to
immigration (Table A1). Notably, this increase was also correlated with the highest forest cover loss
per year (29 ha) during 2001–2010 compared to all the other coffee area kebeles (Table A2).

Finally, another policy intervention intended to stimulate development in the region was a state-led
resettlement program conducted in 1984/5 by the Derg in six coffee area kebeles: Ganji Chala, Gara Naso,
Kacho Andaracha, Kolla Kinbibit, Kolla Sulaja, and Wanja Kersa. According to our informants, all those
who were resettled in Gara Naso had left the area shortly after being resettled, but the resettlement
program, particularly in Kolla Kinbibit, had contributed to higher forest conversions during 1985–1995
(Table A2).

3.6. Altitudinal Migration and Deforestation Displacement: The Role of Coffee Production and Wild
Mammal Pests

Farmers in Gera frequently used to change their places of residence for reasons including the search
for more or better land, occurrence of disease or death of family members or neighbors, disagreement
with landlords, and problems with wild mammal pests. Land, especially forestland, which could be
converted to agricultural land, was in the past also readily available in several new locations. Until very
recently, internal migration, i.e., migration within Gera district from one kebele to another, due to
severe pest problems had been a dominant push factor. According to our informants, ‘altitudinal
migration’, i.e., population movements from coffee areas to kebeles in highland areas, that reduced
or stabilized population growth (Figure A2b, e.g., Gamina Dacho, Gura Afalo, and Kayiche Chariko)
contributed to forest rehabilitation or lower forest cover decline per year in some coffee area kebeles
(Table A2, e.g., Gamina Dacho and Gura Afalo). Conversely, this pest-related migration contributed to
increasing population numbers and the relatively much more rapid forest conversions taking place
in highland area kebeles (Table A2; Table A4). Migrants from coffee area kebeles were also, in most
cases, able to retain their use rights to forests for coffee and honey production, which meant a reduced
economic risk, as they were migrating out of coffee-growing altitudes.

The highest forest cover decrease in recent years in highland areas, especially Gabba Koro and
Gadda Gute kebeles (Table A2), was also linked to the population increase from internal migration
(Figure A2c), but in this case from both coffee and highland area kebeles. For example, from Tinba
Challe alone, “about one hundred households migrated to Gabba Koro” (45–year-old man from Chira
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town, interviewed on 26 October 2013). As the newly converted land in this kebele generated good
harvests for immigrants, many people in Gera started to say: “adeemsa duwwaa biyya alaarra Gabbaa
dhaquu wayya”, meaning “it is better to migrate to Gabba Koro than to other countries, as it offers the
possibility to make a full living”. The causes of deforestation in this area were, however, related not
only to the in-migration and consequent land conversion but also to the economic value of bamboo
(Arundinaria alpina) (Figure 6a–d). According to our local informants, this was also stimulated by
the drying-up of the bamboo forest that was related to ‘mass flowering’ of bamboo in Gabba Koro,
which contributed to speeding up deforestation and stimulating further in-migration (cf. [52]).

On the other hand, in addition to the need for trees as shade for coffee production, increased
domestic and market demand for wood products contributed to a recent expansion of tree planting by
farmers, including woodlots, mainly eucalyptus, during 2001–2010 (Figure 5a). For example, the two
coffee area kebeles Sadi Loya and Wanja Kersa gained forest cover from 1995 to 2010 (Table A2),
partly as an effect of eucalyptus planting. Recently established woodlots of varying size were a common
sight along the road from Chira town towards Sadi-Loya and across most of the landscapes visited
during our fieldwork (Figure 6e,f).
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Figure 6. Farmers’ use of timber and non-timber products from bamboo forest, and grazing land
conversion to eucalyptus plantation in the Gera landscape of Ethiopia. Domestic and market demand for
timber and non-timber products from bamboo forest: houses (a) and fence constructed from bamboo (b),
dried bamboo used as firewood (c), and bamboo bark as cover for locally made beehives (d). Grazing
land converted to eucalyptus plantation by a group of farmers in Kerebe village, Sadi Loya kebele (e and
f). Photos taken before and after the conversion: (e) on 19 October 2013 and (f) on 9 January 2015.

3.7. Logging Quotas

For about eight years between 1986 and 1993, the state offered logging quotas to a private
enterprise commonly known as Almaz-Goshu and a state-owned enterprise called Jimma Branch
Ethiopian Compensato Factory (hereafter private and state enterprises, respectively). According to the
interviewed farmers and the staff at OFWE-JBO and Gera district Agricultural and Rural Development
Office, the logging quotas contributed to forest conversions during 1985–1995 in many highland area
kebeles, e.g., Muje and Kubbo Silaja (Table A2). To transport the logs, dry weather tracks for vehicles
were opened to most of the kebeles where logging quotas were obtained. Logs were transported to
Chira town, where they were stored, and later transported to the neighboring towns of Agaro and
Jimma and to Addis Ababa.

“The main footpath coming from Chira town and branching into two [to northeast and
northwest] in Muje was the dry-weather road that the enterprises used to transport the logs.
The path branching towards the northeast goes to Kubbo Silaja while the other branch leads to
Kaso Badeyi and other parts of Muje.” (67-year-old man from Muje, interviewed on 13 May 2011)
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Seasonal workers were brought from elsewhere (mainly central Ethiopia), and camped in the area
to cut trees and prepare the logs. Each year, logs were transported to Chira town by about five lorries,
with two or three trips per day during the dry season (from November to May). The farmers reported
that after the companies logged the forest in Kaso Badeyi, it became possible to see the neighboring
Sigimo district from Gera. The logging quotas extracted valuable timber tree species, including qararoo
(Pouteria adolfi-friedericii) and wandabiyoo (Apodytes dimidiata). Migrants and local people settled on
and cultivated the forestlands from which these trees had been removed, leaving no room for forest
regeneration. After 1991, no more logging quotas were offered to the state enterprise, but the private
enterprise received quotas for two more years under the new government that took power in 1991.
The quota system was interrupted, and eventually ended, after a conflict erupted between the private
enterprise and farmers.

4. Discussion

With the easy access to high-quality remote sensing products, possibilities for studying spatial and
temporal variation in land-use/cover, for example, forest cover, across landscapes are remarkable. However,
there is a risk that simplified conclusions are drawn from studies of patterns if the underlying processes
and mechanisms of change are also not thoroughly investigated [12,17,18]. Here, we demonstrate with a
rich data of both remote sensing, interviews, population censuses, and slopes the mechanisms that have
been driving the pattern of forest cover in a southwestern Ethiopian mosaic landscape. We show that the
spatial variability in forest cover and loss is predominantly an effect of the ecology of a major smallholder
cash crop, coffee, which grows under shade trees at a specific altitudinal zone. This feature caused both the
retention of forest at lower altitudes and deforestation in frontier landscapes at higher altitudes. Our study
also shows how this pattern of deforestation and forest maintenance is interlinked with and reinforced by
local migration processes and economic relations, augmented by an overall population growth, which
reach across different altitudinal or agroecological zones. Hence, applying population growth as a simple
driver of deforestation would be misleading. We also show that the temporal variation of increasing
or slowing deforestation is largely driven by the impact of rural and national development policies
(e.g., priority for food crop production, resettlement programs, commercialization of coffee and logging
quotas), where deforestation has been both an intended and unintended consequence. An interesting
observation is that deforestation has been an outcome of both socialist and market-oriented policies, while
only a period of heightened civil war and hiatus of enforced government policy were associated with a
slower rate of deforestation. Below, we discuss these findings and their implications for sustainable forest
landscape management in relation to previous studies of deforestation and agriculture-forest mosaics
dynamics and management in tropical countries.

4.1. Crop Ecology and Migration Have Shaped Spatial Variations of Forest Cover Change across Different
Altitudinal Zones

Increased conversions of forests to agricultural land are often observed when such conversions
promise more economic returns [12,23] and/or due to growing demand for agricultural land [37,39,53].
Our finding that the rates of forest cover changes were lower in coffee areas is in agreement with
studies that have demonstrated forest conversions or maintenance based on economic returns. Coffee is
Ethiopia’s dominant export commodity and a key cash income source to smallholders in the shade
coffee-growing regions. Smallholders’ need to maintain tree species suitable as shade for coffee
production has been a strong conserving factor that slowed forest cover decline as also documented in
previous studies [35,54]. Our finding that the parts of coffee areas with higher population densities
had higher relative rates of forest cover change (Figure 3f) shows how smallholders also seek to meet
their need for agricultural land, mainly for annual crop production, by converting forest to cropland.
Moreover, ‘livelihood diversification’, in terms of producing a number of different crop types as a
strategy to maintain food security during market price fluctuations (e.g., lower price for cash crops
(cf. [55]) or failure of crop production due to recurrent drought, is common in smallholder-dominated
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landscapes [56]. In this regard, a recent study on rural livelihoods and food security in the southwest
has demonstrated that households who engaged in the production of several food and cash crops,
including coffee, were relatively food secure [57]. Whereas, our findings that (1) rates of forest cover
changes and (2) population densities were significantly higher in highland areas compared to coffee
areas (Table 2) show how both the economic-returns arising from forestland conversions to agricultural
land and the growing demand for agricultural land have contributed to massive forestland clearances.
The lack of the possibility to engage in shade coffee production in highland areas has indeed implied
large-scale forest land conversions to agricultural land for food crop production by smallholders.
Moreover, the finding that parts of the highland areas with lower population densities had higher rates
of forest cover decline (Figure 3a–e) implies that people moved to and converted forests in relatively
low population density areas and more likely at forest edges.

Coffee and non-coffee-growing regions in southwest Ethiopia are interconnected through altitudinal
migrations and spatial differentiation of agricultural production. Although it is important to study
the effects of such connections on forest landscape dynamics, they have been largely unaddressed
in studies of forest cover changes. In our case, we found that many farmers who were maintaining
forest for shade coffee and honey production in coffee areas were also involved in internal migration
and forest conversions in highland areas. This shows that forest conservation in the coffee areas
implied forest conversion in the highland areas. A growing number of studies have shown cases of
deforestation displacement, because of strict conservation in other places and countries (e.g., [15,58]).
However, the deforestation displacement in Gera is unique in the sense that it has been largely
driven by local farmers’ decisions and practices to use forest ecosystem services across the landscape
(i.e., shade coffee production) and to avoid related ‘disservices’ (e.g., wild mammal pests) [59]. In the
forest-dominated Gera landscape, wild mammal pests pose a challenge to agricultural production [60].
In addition to altitudinal migration, farmers usually welcomed the help of the immigrants in pushing
the forest back [38], allowing them to produce cereals for subsistence.

The findings that the parts of coffee and highland areas with lower (gentle) mean slopes had higher
relative rates of forest decline (Figure 4b) shows that smallholders have converted forest on cultivable
slopes. This finding is consistent with other studies that have documented that uncultivable steeper
slopes have sheltered the remaining primary forests, both in Ethiopia [39,54] and other tropical regions
(e.g., [12,61]). In relation to state forest sites, our analysis shows no correlation between slopes and
forest cover change. However, this lack of correlation between slopes and forest cover change is most
likely a result of extremely low rates of forest cover changes in the state forest sites (Table 1; Figure 5d,g).
Moreover, our observation that state forest sites were dominated by rugged terrain and that some of
them are located furthest away from villages and cultivated lands, combined with our finding that
the state forest sites have the highest (steeper) mean slopes, in particular compared to highland areas,
highlight that these sites seem to be the least preferred for conversion to agricultural land. On the other
hand, the Ethiopian constitution and forest law prohibit and criminalize the utilization and conversion
of the state forests [62]. A state agency, i.e., OFWE-JBO, has also been attempting to conserve state
forest as well as forest coffee areas, and there is indeed evidence for forest recovery during periods of
strong law and/or bylaw enforcement, both in the southwest and other landscapes in Ethiopia [50,63].
Nevertheless, overall, the effect of state forest protection is uncertain as the relatively well-preserved
forest cover in state forests could also be explained by the ruggedness of these areas, which make them
largely unviable for cultivation. Even if we do not have concluding evidence to resolve this question,
our observation highlights the importance of ruggedness to explain this pattern.

4.2. How Development Policies Have Shaped the Temporal Dynamics of Forest Cover Changes

State policy and political economy are observed to substantially shape forest cover changes in
Ethiopia [64–67] and elsewhere [68–70]. Our study covered three government periods with varied
political economy regimes: The pre-1974 feudal monarchy, the socialist government, and the post-1991
market-oriented with a large public sector government. Our finding that forest cover declined in Gera,
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both in coffee and highland areas, before the mid-1970s is not surprising, as the policies emanating from
the political economy of the imperial government had prioritized agricultural production enhancement
at the expense of forests [29,71]. Moreover, coffee berry disease came to the southwest in 1971 and
forced farmers to abandon shade coffee production, particularly in central Gera [38]. It is likely that
farmers converted some of the abandoned coffee land to agricultural land, which then explains, at least
partly, the pre-1974 relatively higher forest cover decline in coffee areas (Table A3).

Our finding that a major deforestation occurred during 1973–1985 in both coffee and highland areas
(Table 1) is notable. This is because the Derg government that was in power has generally been considered
to have contributed to forestry development through, for example, afforestation and reforestation
programs [72]. In Gera, the policies, and programs of the Derg’s “land to the tillers” proclamation
in 1975, a resettlement program, and logging quotas were all found to have aggravated deforestation
and stimulated the conversion of forests to agriculture. The “land to the tillers” proclamation attracted
even more migration to many kebeles, which, in combination with internal migration to highland areas,
seems to explain the positive correlation between population density and relative rate of forest cover
change in highland areas during 1973–1985 (Figure 3g). Overall, the perception about the availability of
land in southwest Ethiopia coupled with the possibility to obtain large tracts of land [51] motivated a
large number of immigrants to this region, implying an increased demographic pressure and more forest
conversions [37,39]. Gera also experienced increased conversions of forest to agricultural land due to the
fixed price for coffee by the state and high food crop prices [38].

The finding that overall deforestation rates slowed down in both coffee and highland areas during
1985–1995 and 1995–2001 (Table 1) is most likely related to: (1) The heightened civil war in Ethiopia
from the late 1980s until 1991, to which large numbers of working-age men from Gera and other
parts of the country were forcibly recruited as soldiers; (2) the establishment of regions based on
ethnicity after the war ended in 1991, which was perceived for some time as a hindrance to inter-region
migrations; and (3) a drastic decrease in the possibility to formally acquire land after the change of
government in 1991, which seems to have been an obstacle for immigrants and others to take up
new land. The Ethiopian constitution entitles citizens the right to be allocated farmland, and regions
are given the mandate to allocate land [62]. However, since 1991, land allocations have been rare.
Despite the overall slowing down of deforestation during 1985–1995, we also found a higher level
of deforestation in some highland area kebeles where the logging quotas were offered and in some
coffee area kebeles where the resettlement program was executed. This higher level of deforestation in
some coffee and highland areas further underscores the effect of policies and programs of the Derg
government on forest dynamics. The contribution of logging and resettlement to tropical deforestation
are widely documented in other landscapes in Ethiopia [39,73] and beyond [69,74].

Our finding that 2001–2010 was the second period of major forest cover decline in coffee and
highland areas further highlights the strong relation between policies and forest cover dynamics.
More specifically, this second major deforestation period overlaps with the transfer of forestland
to private investors for coffee production and the implementation of a PFM in 2003 (Figure 5a).
This deforestation seem to be driven by (1) ‘last-minute’ forest conversion during the establishment of
the PFM [75], (2) forest conversions and/or intensive use by investors to establish coffee plantations,
and (3) farmers who intensified their use of forestland for coffee production as a strategy to improve the
security of their customary rights to land against future expropriations for investment [43]. This second
major deforestation period, like the first major deforestation period (1973–1985), also occurred during
the implementation of major policy and program related to development and forest. This similarity
between the first and the second major deforestation periods shows how the policies of two vastly
different government regimes, the socialist Derg rule and the post-1991 market-oriented government
regime, both contributed to massive deforestation.

Our finding that during 2001–2010, some localities in coffee areas (e.g., Walla) and highland areas
(Gabba Koro and Gadda Gute) had higher rates of forest cover decline (Table A2) while they had
lower population densities (Figure A2) suggests a continuation of migration to places that offered the
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possibility of gaining access to land through informal arrangements [43]. Such informal arrangements
were observed to be an important alternative after the possibility of obtaining land formally from the
government became rare since the early 1990s.

For the most recent period, i.e., during 2001–2010, our finding of the absence of a difference in the
forest area change per year across the Gera landscape (Table 2) suggests that there is a higher likelihood
for forest cover decline in coffee areas as forest in highland areas dwindles, and by implication,
an overall primary forest decline in Gera. That there is a growing pressure on the primary forests
in the southwest is also supported by our finding that, for the state forest sites, the most substantial
deforestation occurred during 2001–2010, followed by the 1973–1985 period, i.e., a reversed pattern
compared to that of coffee and highland areas.

4.3. Early Signs of a Forest Transition?

Despite overall forest cover decline, Gera also witnessed localized forest cover gain (Table A2;
Sadi Loya and Wanja Kersa) during 2001–2010, which is attributed to the woodlot establishment of
eucalyptus trees (cf. [63]) in addition to tree management for shade coffee production. Domestic and
market incentives for eucalyptus are major drivers for the expansion of eucalyptus tree planting [76].
These tree plantations, along with trees managed in the landscape for various purposes, including shade
and fencing [59], could be sources of wood for farmers, which could ease the pressure on nearby
forest for the same purpose and could also play a role in indigenous tree restoration efforts if used
systematically [77]. Shaded and home garden coffee, and other agricultural land uses in southwest
Ethiopia have been shown to support biodiversity, including higher epiphyte diversity, despite
their limitations for native or forest specialist species conservation [78–80]. Elsewhere in the tropics,
reforestation and afforestation by local people to meet their livelihood requirements and more importantly
targeting to counter environmental problems, e.g., land degradation, are reported to have brought an
overall transition from forest loss to gain, i.e., forest transition [20]. Hence, the expansion of planted and
managed (retained) trees in Gera and tree cover gains in some areas might be early signs of a forest
transition. Another factor that is likely to impact forest dynamics in the near future is intensified national
and international interests in, and programs for, the governance of the southwest forests, for example,
through REDD+ [81] and biosphere zoning (cf. [82]) for biodiversity conservation and climate change
mitigation. REDD+ may, for instance, incentivize governments to recentralize forest governance [83],
which may further marginalize poor communities [84], and lead to deforestation displacement [15].

5. Conclusions

Sustainably managed agriculture-forest mosaic landscapes support smallholders’ livelihood,
and biodiversity conservation and climate change mitigation goals (cf. [85,86]). In this study, we investigated
the spatial relations of ecological and social processes to point at how state policies, population density,
migration dynamics, slopes, and the socio-economic values of ‘forest coffee’, as a main commercial crop,
shaped the patterns of deforestation and forest maintenance in the Afromontane forest of southwest
Ethiopia since the late 1950s. Our findings demonstrate a substantial spatial variation in deforestation
rates that were driven mainly by altitudinal ranges of crops, coffee in particular, and human migration that
involved moving to and converting relatively low population density areas and displaced deforestation
to highland areas. Temporally, periods of major forest loss overlapped with the implementations of
several development, land, and forest policies and programs, initiated by different government regimes,
which demonstrates that the policies and programs created often unintended conditions for more forestland
conversions with less opportunity for regeneration. We conclude that understanding the mechanisms of
deforestation and forest maintenance simultaneously and their linkages is necessary for better biodiversity
conservation and forest landscape management.
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Appendix A Satellite Images and Aerial Photos

Appendix A.1 Analysis of Satellite Images

We used the forest and non-forest cover datasets for 1973, 1985, 1995, 2001, and 2010 generated
by Hylander et al. [35] from the analysis of free multispectral Landsat images obtained from http:
//www.usgs.gov/. From these datasets, we extracted and used the data covering Gera district. However,
the land cover data of Hylander et al. [35] omitted approximately 5.6% of the district’s total area;
specifically, most of Gabba Koro kebele (Figure 1). To produce a complete analysis of forest cover
change for Gera district, we therefore analyzed various Landsat images for Gabba Koro kebele using
a method similar to that of Hylander et al. [35]. Specifically, we used an ISODATA unsupervised
classification of the Landsat images of 1973 (Landsat1-MSS, February 1), 1984 (Landsat5-TM, October 28),
1995 (Landsat5-TM, March 17), 2001 (Landsat7-ETM+, February 5), and 2011 (Landsat5-TM, January 8),
which were set to return a maximum of 10 classes of pixels. We used six spectral bands (blue, green,
red, near-infrared1, near-infrared2, and mid-infrared) in the Landsat 5 and 7 images, and all four
spectral bands (green, red, near-infrared1, and near-infrared 2) in the Landsat 1 images. The resolution
was 60 m for the Landsat 1 image and 30 m for the other images, and we used ArcMap (version 10.2)
for the classification. We visually compared the classes from the unsupervised classification to the
original images and repeated the classification until the pixel classes closely matched our visual
assessments of the images. Next, we assigned the pixel classes as either forest or non-forest, based on
spectral differences. Forest included both natural and planted forest, with and without coffee trees,
while non-forest included all other land uses, such as cultivated, fallow, grazing, and settled land as
well as permanent wetland.

About 15% of the 1995 image of Gabba Koro had cloud cover, so we removed the cloud-covered
parts of the image before performing the ISODATA unsupervised classification. We visually estimated
the forest (66%) and non-forest (33%) land cover classes for the cloud-covered part from nearby land
cover types in the same image and from another Landsat image taken on 12 January 1995, then added
the estimates for cloud-covered parts to the forest and non-forest classes for cloud-free parts. In addition,
most of the image used by Hylander et al. [35], which was taken on 5 November 2010, had cloud cover,
and hence we used a cloud-free image taken on 8 January 2011 instead. To fill the cloud-covered parts
of the 1995 and 2010 Landsat images, Hylander et al. [35] used Landsat images taken on 12 January
1995 and 8 January 2011, respectively. We used the 1984 Landsat image instead of the 1985 image
(Landsat5-TM, February 17) used by Hylander et al. [35].

We then mosaicked the satellite image data from Hylander et al. [35] and our added analysis
into one image, and computed the extent of forest and non-forest cover for each kebele from this
image using kebele boundaries obtained from the Central Statistical Agency of Ethiopia. Most of the
forestland outside kebele boundaries was designated as separate “state forest” areas, but it should be

http://www.usgs.gov/
http://www.usgs.gov/
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noted that these forest areas may have included semi-managed forest coffee used by local farmers and
partly offered to private companies for coffee production.

We used the zonal histogram in ArcMap’s spatial analyst tools to extract forest and non-forest
areas for each kebele and classified each kebele as either coffee or highland areas, following the
OFWE-JBO classification [41]. We then computed the percentages of forest cover in 1973, 1985, 1995,
2001, and 2010, and for each kebele, and used these to calculate the relative rate of forest and forest
area changes per year for the periods 1973–1985, 1985–1995, 1995–2001, 2001–2010, and 1973–2010 for
each kebele, the coffee areas, the highland areas, and the entire district.

Appendix A.2 Interpretation of Aerial Photos

In order to understand forest cover prior to the 1973 Landsat image, aerial photographs taken
on 15 January 1958 were interpreted for one coffee area landscape and one highland area (Figure A1).
Sadi-Wanja is a coffee area landscape of approximately 1700 ha located mostly within Sadi Loya and
Wanja Kersa kebeles, while Muje is a highland area landscape of approximately 3000 ha located mostly
within Muje kebele. Sadi-Wanja and Muje were selected for the aerial photo analysis because we had
detailed field data for these areas, including oral history accounts. Sadi-Wanja, which is situated along
a road that has been in place for over a half century, has attracted immigrant settlers and private coffee
investments. Muje kebele has also attracted migrations from other kebeles within Gera and nearby
districts, as well as logging enterprises.

We obtained aerial photographs at the scale of 1:50,000 as paper copies from the Ethiopian Mapping
Agency. We scanned the photos at 600dpi in TIFF format, and geo-referenced them using coordinates
from topographic maps (Ethiopian Mapping Agency, ETH 4 [DOS 450] 1978; USSR, ETH 4, 1986;
Ethiopian Mapping Authority, ETH 2001) and GPS measurements in the field. Coordinates of rivers,
roads, and wetland bends, which have been stable over time, were used for geo-referencing. We aligned
the scanned aerial photos with the coordinates of control points using standard tools and procedures
in ArcMap (https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/fundamen
tals-for-georeferencing-a-raster-dataset.htm#GUID-CD1A1136-2E1B-4534-BB6E-113647C248AC).
We visually interpreted the forest and non-forest land uses on the basis of tone, texture, and patterns,
then identified and digitized them manually in ArcMap. For Muje and Sadi-Wanja separately,
we converted the forest polygons to a raster image and then reclassified them as one class using
ArcMap’s “Reclassify” spatial analyst tool. In a similar way, we converted the non-forest land uses to
raster images and reclassified them as one class. For each of these two areas, we created a raster image
with forest and non-forest classes using the “Raster calculator” function in the “Raster algebra” spatial
analyst tool. We then resampled the raster images using nearest neighborhood resampling, with a
30-m resolution to match the resolution of the Landsat images. We computed forest and non-forest
areas for 1958 for Muje and Sadi-Wanja, and compared these to the 1973 areas from the datasets of
Hylander et al. [35] (see Table A3; Figure A1).

https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/fundamentals-for-georeferencing-a-raster-dataset.htm#GUID-CD1A1136-2E1B-4534-BB6E-113647C248AC
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/fundamentals-for-georeferencing-a-raster-dataset.htm#GUID-CD1A1136-2E1B-4534-BB6E-113647C248AC
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Appendix B List of Kebeles (Kebele is the Lowest Administrative Unit) and the Total Number of Residents, Forest Cover and Patterns of Forest Cover
Change since 1958 in Gera District, Southwest Ethiopia

Table A1. List of old kebeles merged to match the kebeles of the 2007 population census and their population numbers. †

S.N. List of Kebeles Merged into One ‡ Total Number of Residents (Population)

2007 § 1994 1984 1984 1994 2007
1 Bara Gogo Bera Gogo; Bera Bore Bora Gogo; Bora Tore 2112 2490 3496
2 Boge Dedo Bera Dedo; Bera Boge Bora Daye;Bora Bage 2011 2687 4172
3 Boricho Deka Deka; Borcho Gebeta Deka; Borcho Gubuta 3226 3140 3495
4 Chira town Chera town Chera Kebele 001 1260 2390 4746
5 Dusta Dusta; Dusta town Dusta 3287 4762 6107
6 Gabba Koro Gabba Koro Koro Guba 776 1260 5992
7 Gadda Gute Gute; Geda Keshemari Gote; Gudaba Shemeri 1552 2129 4017
8 Gamina Dacho Gimina; Dacho Laki Gumina; Dacho Bake 937 818 897
9 Ganji Chala Challa; Gure Genjo; Werwori Chala; Gore Guneji; Werware 1411 2317 2554

11 Gara Naso Naso Abo; Gera Naso Abo; Gera 751 983 1797
10 Gina Chola Gina Chola Gina 1923 2802 3868
12 Gura Afalo Ofalo; Gura Afalo; Gura 557 464 1087
13 Gure Dako Dako; Gure Kesso Dako; Gorebesa 880 1774 3153
14 Kacho Andaracha Kacho Tula; Anderacha Anderacha; Abagero Abagela 801 1108 1818
15 Kaso Badeyi Keso Bedeye Bese Bedaye 1643 2343 3022
16 Kayiche Chariko Keychesiso; Cheriko town Keyche Sisa 2149 2420 2209
17 Kella Keala; Choko Arare Kela Arero 1267 1320 1861
18 Kolla Kinibibit Kola Guncha; Kenbibit; Kola Bulcha Kola Goncha; Kembibet; Kola Bulcha 3157 4711 6067
19 Kolla Sulaja Kola Sulajie Kola Sulagna 891 1782 2553
20 Kombolcha Kombolcha Kombolcha 1322 2383 3323
21 Kubbo Silaja Kobo kocha; Selaja Kobo kocha; Welaja 3271 3916 5612
22 Muje Muje Muje 2693 3504 5405
23 Obba Toli Obba Wegemi; Toli Dembela Abawegemi; Delo Dowkel 4316 3775 5037
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Table A1. Cont.

S.N. List of Kebeles Merged into One ‡ Total Number of Residents (Population)

25 Sadi Loya Sedi Chawra, Loyi Uikro Sedi Chawra; Loye Fakero 2452 2941 3478
24 Secha Secha Secha 2202 3017 4746
26 Tinba Chale Tenba Chele Timba Chole 2408 3162 4728
27 Tuma Teso Teso Ture; Tumamaye Teso Ture; Tumamaye 3507 4600 5812
28 Walla Wala Wola 334 577 4564
29 Wanja Kersa Wanja Kersa Telaja Kersa 1006 2462 3695
30 Wegecha Wegecha Wgecha 1757 2300 3084
†: Kebele names and their population numbers were obtained from OPHCC [45] (pp. 82–83), CSA [44] (pp. 29, 88–89), and CSA [46] (pp. 9, 44–45) publications. ‡: Key informants were
used to identify which kebeles were merged into one in the 2007 population census. The way some kebele names were spelled in the 1984 and 1994 publications (bold) posed an added
challenge in matching them with the list of kebele names from key informants. One critical problem was that two kebeles mentioned by the key informants and also present in the 1994
census were written with different names in the 1984 census (see S.N. 14 and 23, columns 1994 and 1984, underline). This was most likely due to a serious typing error, as a typing error of
the total population of one kebele was also encountered and fixed; specifically, for Bora Daye (S.N. 2, 1984 column; OPHCC, [45] (pp. 82–83)), the total population number was wrongly
reported as the female population number. The mistake was traced by examining discrepancies between the sum of the total female, male, and district population numbers. Likewise,
the matching of the abovementioned two kebeles (S.N. 14 and 23, columns 1994 and 1984, underline) was achieved by comparing the 1994 and 1984 population numbers of the two kebeles
with those of the 2007 total population of Kacho Andaracha and Obba Toli. The population of Abagero Abagela (641) in 1984 were evaluated as a “better” expected match to that of Kacho
Tula (930) in 1994, whereas that of Delo Dowkel (3023) was a match to Toli Dembela (2864) ([45] (pp. 82–83), [44] (pp. 88–89)). In addition, some kebeles in the 1994 census were split
(see column 1994, italic). Overall, the identification of the kebeles merged into one was a success. The 1984 and 1994 kebele population numbers offered valuable historical information to
this study. §: The spellings of kebele names in the 2007 CSA publication [46] have been modified in this table and article to better match how these names are locally spelled.
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Table A2. Forest cover and patterns of forest cover changes in kebeles located in highland and coffee forest areas in Gera from 1973 to 2010.

Names Total Area
(ha)

Percentages of Forest Cover Annual Forest Cover Change (ha) † Relative Forest Cover Change (rate) ‡

1973 1985 1995 2001 2010 1973–1985 1985–1995 1995–2001 2001–2010 1973–2010 1973–1985 1985–1995 1995–2001 2001–2010 1973–2010

Forest coffee area (coffee areas)
Boricho Deka 3447.6 66.8 66.1 73.2 72.4 68.2 −2.0 24.4 −4.7 −15.9 1.3 −0.01 0.107 −0.011 −0.057 0.021

Chira town 500.8 31.6 17 5.5 6.6 9 −6.2 5.7 0.9 1.3 −3.1 −0.465 −0.671 0.179 0.364 −0.717
Gamina Dacho 5828.7 95.4 94.2 94 94.5 94.3 −6.0 −1.3 4.9 −0.8 −1.7 −0.013 −0.002 0.005 −0.001 −0.011

Ganji Chala 1846.2 54.6 40.9 27.2 24.6 24.2 −21.2 −25.2 −8.1 −0.7 −15.2 −0.252 −0.334 −0.097 −0.015 −0.557
Gara Naso 3811.6 87.2 85.8 85.2 84.1 82 −4.7 −2.1 −7.1 −8.9 −5.4 −0.017 −0.006 −0.013 −0.025 −0.06
Gura Afalo 8560.4 97.5 97.3 97.2 97.8 95.6 −1.0 −1.1 8.1 −20.7 −4.3 −0.001 −0.001 0.006 −0.022 −0.019
Gure Dako 2767.4 78.4 74 64 58.3 52 −10.1 −27.6 −26.3 −19.5 −19.7 −0.056 −0.135 −0.089 −0.108 −0.336

Kacho Andaracha 1420.7 15.7 7.8 6.9 8.5 9 −9.3 −1.4 3.8 0.8 −2.6 −0.5 −0.126 0.237 0.067 −0.423
Kayiche Chariko 1768.5 43.5 45.4 49.4 47.6 47.1 2.8 7.1 −5.3 −1 1.7 0.044 0.088 −0.037 −0.011 0.083

Kella 5137 92.9 88.5 88.3 87.3 84.3 −19.0 −1.0 −8.1 −17.5 −12 −0.048 −0.002 −0.011 −0.035 −0.093
Kolla Kinbibit 5876.6 73.9 51.1 41.8 38.4 35.3 −111.8 −54.6 −32.9 −20.3 −61.3 −0.309 −0.182 −0.08 −0.081 −0.522

Kolla Sulaja 2057.3 45.5 20.9 16.7 15.8 12.6 −42.1 −8.8 −3.1 −7.2 −18.3 −0.54 −0.204 −0.055 −0.198 −0.722
Obba Toli 5910.5 81.7 79.7 80.1 80.9 79.7 −9.7 2.4 7.3 −7.6 −3.2 −0.024 0.005 0.009 −0.014 −0.024
Sadi Loya 2022.8 56 32.8 31.5 32.9 33.5 −39.1 −2.7 4.7 1.3 −12.3 −0.414 −0.041 0.046 0.017 −0.402
Tuma Teso 3968.2 43.3 27.5 25.7 25.2 26.5 −52.1 −7.5 −3 5.8 −18 −0.364 −0.069 −0.018 0.052 −0.388

Walla 9829.5 64 63.2 63.4 64.2 61.5 −6.8 1.6 14 −29.1 −6.5 −0.013 0.003 0.014 −0.042 −0.038
Wanja Kersa 1709.7 22.3 6.5 3.8 4 5.5 −22.4 −4.7 0.5 2.8 −7.8 −0.706 −0.42 0.046 0.368 −0.756

Coffee areas excluding Chira town 65962.5 72.9 66.5 64.9 64.4 62.5 −354.3 −102.5 −55.3 −138.5 −185.2 −0.0883 −0.023 −0.008 −0.029 −0.142
Coffee areas including Chira town 66463.3 72.6 66.1 64.5 64 62.1 −360.4 −108.2 −54.4 −137.2 −188.2 −0.0896 −0.025 −0.008 −0.029 −0.144

Coffee areas excluding Chira town average −22.1 −6.4 −3.5 −8.7 −11.6 −0.201 −0.082 −0.003 −0.007 −0.266
Highland forest area (highland areas)

Bara Gogo 1892.4 44.4 22.6 16.6 12.4 10.6 −34.4 −11.3 −13.5 −3.8 −17.3 −0.491 −0.264 −0.257 −0.145 −0.762
Boge Dedo 2683.1 46.7 15.1 9.2 7.9 8.1 −70.7 −15.9 −5.7 0.8 −28 −0.677 −0.393 −0.138 0.028 −0.826

Dusta 2280.9 55.6 23.1 16.5 12.8 9.9 −61.7 −15.1 −14 −7.5 −28.2 −0.584 −0.286 −0.223 −0.232 −0.823
Gabba Koro 9449.7 89.1 81.9 79.5 66.3 19.2 −56.7 −23.1 −208.6 −494.3 −178.7 −0.081 −0.03 −0.167 −0.71 −0.785
Gadda Gute 5518.8 96.4 74.8 64.6 50.2 37.5 −99.4 −56.7 −132 −77.6 −87.8 −0.224 −0.137 −0.222 −0.252 −0.611
Gina Chola 1188.8 20.6 9.1 9 7.7 6.6 −11.3 −0.1 −2.4 −1.5 −4.5 −0.557 −0.009 −0.14 −0.141 −0.676
Kaso Badeyi 1397.9 51.9 19.1 12.2 14.3 11.7 −38.3 −9.6 4.9 −4.1 −15.2 −0.632 −0.36 0.17 −0.185 −0.775
Kombolcha 1723.4 81.1 45.1 36 32.5 17.8 −51.8 −15.7 −9.9 −28.2 −29.5 −0.444 −0.202 −0.095 −0.453 −0.78

Kubbo Silaja 4622 46.7 29.7 20.9 18.6 13.4 −65.3 −40.9 −17.2 −26.9 −41.6 −0.363 −0.298 −0.107 −0.281 −0.713
Muje 3023.4 79.5 31.6 17.3 13.8 9.7 −120.7 −43.3 −17.7 −13.8 −57.1 −0.602 −0.453 −0.203 −0.297 −0.878
Secha 2232.4 80.5 47.9 39 30.2 27.2 −60.7 −19.9 −32.5 −7.5 −32.2 −0.405 −0.186 −0.224 −0.101 −0.662

Tinba Chale 2030.6 59.7 28.3 24 20.6 19.9 −53.3 −8.7 −11.4 −1.7 −21.9 −0.527 −0.152 −0.142 −0.036 −0.668
Wegecha 1001.4 35.8 11.8 8.3 8.6 7.9 −20.0 −3.6 0.5 −0.8 −7.6 −0.669 −0.303 0.036 −0.081 −0.78

Highland areas total 39044.8 70.2 47.3 40.6 33.5 18.1 −744.0 −263.9 −459.5 −666.9 −549.4 −0.326 −0.143 −0.174 −0.459 −0.742
Highland areas average −57.2 −20.3 −35.3 −51.3 −42.3 −0.481 −0.236 −0.132 −0.222 −0.749

Coffee areas and highland areas excluding Chira town 105007 71.9 59.4 55.9 52.9 46 −1098.3 −366.4 −515 −805 −735 −0.175 −0.059 −0.053 −0.13 −0.36
Coffee areas and highland areas including Chira town 105508 71.7 59.2 55.6 52.7 45.9 −1104.4 −372.1 −514 −804.1 −737.6 −0.175 −0.06 −0.053 −0.13 −0.361

Forest outside kebeles designated as state forest 39904.5 97.7 97 96.8 96.5 95.7 −22.5 −11.1 −13.7 −39.6 −22.2 −0.007 −0.003 −0.002 −0.009 −0.021
Gera 145413 78.9 69.6 66.9 64.7 59.5 −1126.9 −383.2 −527.6 −843.6 −759.8 −0.118 −0.038 −0.033 −0.081 −0.245

Wilcoxon rank sum test for kebeles in coffee areas excluding Chira town vs. highland areas 178 163 159 125 174.5 171 168 179 183 198
p-value for kebeles in coffee areas vs. highland areas 0.001 0.009 0.02 0.369 0.002 0.003 0.004 0.001 <0.001 <0.001

†: Area of forest cover change per year = (N2 − N1)/(t2 − t1); and ‡: Relative rate of forest cover change = (N2 − N1)/N1, where N1 = forest area in the earlier year (t1) and N2 = forest area
in the later year (t2).
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Table A3. Patterns of forest cover change in the Muje and Sadi-Wanja areas of Gera from 1958 to 2010.

Land Cover
Year

1958 1973 1985 1995 2001 2010

Muje area
Forest (ha) 2551 2376 949 567 515 435
Non-forest (ha) 478 653 2080 2462 2514 2594
% of forest cover 84.2 78.4 31.3 18.7 17.0 14.4
Remaining of the 1958 forest (%) 93.1 37.2 22.2 20.2 17.0
Sadi-Wanja area
Forest (ha) 784 532 264 250 243 270
Non-forest (ha) 923 1175 1443 1457 1464 1437
% of forest cover 45.9 31.2 15.5 14.6 14.2 15.8
Remaining of the 1958 forest (%) 67.9 33.7 31.9 31.0 34.4
Total (Muje and Sadi-Wanja)
Forest (ha) 3335 2908 1213 817 758 705
Non-forest (ha) 1401 1828 3523 3919 3978 4031
% of forest cover 70.4 61.4 25.6 17.2 16.0 14.9
Remaining of the 1958 forest (%) 87.2 36.4 24.5 22.7 21.1

Table A4. Changes in the composition of the fields used by the farmers interviewed in Gera in 2011. †

Land Use Type Percentage of Land Use Type

1974 1991 2011

Coffee forest (Sadi-Wanja) area (n = 54)
Agriculture 61.1 75.9 63.0
Coffee 3.7 7.4 13.0
Forest 9.3 1.9 0.0
Other (e.g., homegarden, wetland, woodlot) 25.9 14.8 24.1
Total 100.0 100.0 100.0
Highland forest (Muje) area (n = 61)
Agriculture 27.9 83.6 75.4
Forest 65.6 1.6 0.0
Other (e.g., homegarden, wetland, woodlot) 6.6 14.8 24.6
Total 100.0 100.0 100.0
Coffee forest area and highland forest area (n = 115)
Agriculture 43.5 80.0 69.6
Coffee 1.7 3.5 6.1
Forest 39.1 1.7 0.0
Other (e.g., homegarden, wetland, woodlot) 15.7 14.8 24.3
Total 100.0 100.0 100.0
†: Data from two villages are pooled for each category (coffee areas and highland areas). Of the 213 fields used by
the farmers included in the participatory field mapping and interviews, land use data for the three reference years
were obtained only for 115 fields, 54 in coffee areas and 61 in highland areas, from which the percentages were
calculated. Agricultural land includes grazing land, land for annual crops, and fallow land; and coffee land includes
both cultivated and semi-managed forest coffee land.
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