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From stories to maps: translating participatory scenario narratives into
spatially explicit information

! . 2 . i . /
Dula W, Duguma’, Jannik Schultner®, David J_Abson" and Joern Fischer

ABSTRACT. To understand future land use change, and related ecological and social impacts, scenario planning has become increasingly
popular. We demonstrate an approach for translating scenario narratives into spatially explicit land use maps. Starting from four
previously developed scenarios of land use change in southwestern Ethiopia we developed a baseline land use map, and rules for how
to modify the baseline map under each scenario. We used the proximity-based scenario generator of the InVEST software to model
the prospective land cover changes to existing forest (53%), arable land (26%), pasture (11%), and wetlands (7%), under the four future
scenarios. The model results indicate that forest cover area would remain essentially the same under the “gain over grain” and “biosphere
reserve” scenarios. Coffee plantations would cover almost half the landscape (49%) in the “mining green gold” scenario, whereas arable
land would expand and cover more than half of the landscape (57%) in the “food first” scenario. The approach presented here integrates
future land use mapping with participatory, narrative-based scenario research to assess the social-ecological outcomes of alternative
futures. The translation of narratives onto maps can help researchers and stakeholders better understand and communicate potential
land use changes, and facilitate a more spatially nuanced approach to managing or adapting to broad scale socioeconomic changes.
Our study constitutes a methodological contribution to the management of land use change, as well as a tool to facilitate transparent
policy negotiation and communication at local, government, and NGO levels.

Key Words: InVEST; landscape; land use and land cover maps; narrative scenarios; plausible futures, spatially explicit land use scenarios;

translation rules

INTRODUCTION

Changes in land use are pervasive in rural areas around the world
and impact both ecosystems and people (Millennium Ecosystem
Assessment 2005, Haines-Young 2009, Quintas-Soriano et al.
2016). Identifying potential changes in land use helps decision
makers to assess the sustainability of alternative future pathways.
To assess plausible futures for a particular landscape, many
scenario mapping exercises have downscaled regional or global
scenarios to a more localized level (Gaftin et al. 2004, Verburg et
al. 2006, Frame et al. 2018). Such downscaling provides consistent
high-resolution land use and land cover (LULC) for assessing
aggregate impacts over large spatial extents. However, the
usefulness of such approaches at fine scales may be limited by the
lack of context regarding local realities. In contrast, a growing
number of social-ecological scenarios are being generated directly
in local landscapes together with stakeholders (reviewed by
Oteros-Rozas et al. 2015). Localized scenario development
facilitates a detailed understanding of the specific dynamics of a
place and the contextually relevant drivers of change. However,
participatory approaches that generate localized scenarios
typically result in the development of narratives. Although such
narratives are useful for engaging diverse stakeholders, they lack
the spatially explicit, quantitative information provided by
downscaled higher level scenarios. To overcome this limitation,
in this paper, we demonstrate an approach to translating scenario
narratives into spatially explicit LULC maps for four scenarios
developed in southwestern Ethiopia. Before presenting our
approach, we provide short background reflections on land use
change, scenario planning, and existing attempts to turn scenario
narratives into maps.

Within a given landscape, LULC change results from a
combination of direct and indirect social and ecological drivers
(Diazet al. 2019). Human-driven LULC change is a key driver of
the loss of biodiversity and ecosystem services (e.g., Sala et al.
2000, Diaz et al. 2019). From an ecological perspective, LULC
change causes biodiversity loss by altering the composition,
distribution, abundance and functioning of biological diversity
and related processes (e.g. Millennium Ecosystem Assessment
2005, Diaz et al. 2019). LULC change is projected to further
intensify, resulting in increasingly higher loss of biodiversity (Sala
et al. 2000, Powers and Jetz 2019). The impact of LULC on
biodiversity depends on the intensity of change, the configuration
of land use patterns, and the spatial distribution of natural
biophysical variables (Zebisch et al. 2004). From a social
perspective, LULC change and the resulting loss of biodiversity
also alter the generation and provisioning of ecosystem services,
that is, the benefits that people obtain from the environment
(Millennium Ecosystem Assessment 2005).

To understand future LULC change, and related ecological and
social impacts, scenario planning has become increasingly
popular. Scenario planning can help decision makers to
proactively consider uncertainty when choosing among policy
alternatives (Peterson et al. 2003, Shoyama and Yamagata 2014,
IPBES 2016). Scenario planning combines various tools and
techniques to develop plausible and internally consistent
descriptions of alternative futures (Peterson et al. 2003, IPBES
2016). Although scenario planning does not eliminate
uncertainties about the future, it can provide a means to represent
current knowledge in the form of consistent conditional
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statements about the future; thereby providing a rational and
reflected basis for improved decision making (Alcamo et al. 2008).

One usefullevel at which to analyze LULC change is the landscape
scale (Wu 2013). Landscapes, in turn, can be analyzed as social-
ecological systems, that is, systems in which social and ecological
variables are closely interlinked (Fischeretal. 2017). In the context
of analyzing landscape-level changes in social-ecological systems,
participatory scenario planning has become increasingly popular.
Oteros-Rozasetal. (2015), for example, reviewed 23 cases in which
participatory scenario planning was used to investigate land use
change related futures of social-ecological systems. Participatory
scenario planning has been used to explore alternative
development trajectories in semi-arid Tanzania (Enfors et al.
2008); to identify changes in ecosystem services in an agricultural
landscape in South Africa (Malinga et al. 2013); and to develop
plausible scenarios focusing on food security and biodiversity
conservation in Ethiopia (Jiren et al. 2020).

Narratives of alternative futures generated in participatory
approaches are powerful because they encapsulate the views of
diverse stakeholders (Alcamo et al. 2008, Mallampalli et al. 2016,
Fischer et al. 2018). This, in turn, can lay the foundation for
developing a shared vision for the future (Alcamo et al. 2008,
Mallampalli et al. 2016, Nieto-Romero et al. 2016), facilitate
social learning, and generate novel ideas for how to achieve a
desired and sustainable future (Butler et al. 2014, Booth et al.
2016, Jiren et al. 2020). However, scenario narratives typically
result in generalized statements of what the future might look
like, rather than quantitatively explicit LULC maps. The precise
way in which a given scenario plays out at fine scales, in turn,
depends on locally specific social-ecological conditions
(Hanspach et al. 2014). The generalized nature of narratives thus
makes it difficult to analyze quantitatively the implications of
LULC (e.g., on different species and ecosystem services), thereby
limiting the extent to which decision makers might engage with
such scenarios.

To date, few studies have translated qualitative narrative scenarios
at the landscape level into quantitative LULC maps (but see Kok
and van Delden 2009, Swetnam et al. 2011, Booth et al. 2016,
Kohleretal.2017). The “story and simulation” approach (Alcamo
2008), in which scenarios are first defined by experts and other
stakeholders and subsequently translated into quantitative
parameters that can be fed into simulation models, has been most
commonly used to couple qualitative and quantitative scenarios
(Mallampalli et al. 2016). Given the usefulness of scenario
mapping and the growing popularity of participatory scenario
planning in social-ecological research (Oteros-Rozas et al. 2015),
additional work is needed on how to translate narratives into
maps.

Here, we present such an approach. We focus on rural
southwestern Ethiopia, for which we had earlier developed four
alternative narrative scenarios of social-ecological change
(Fischer et al. 2018, Jiren et al. 2020). Our approach combines
the extraction of key variables and trends from stakeholder-
derived storylines of the future, their translation into quantitative
spatial variables, and the subsequent spatial projection of changes
to present land cover under different scenarios.

The contribution of our study is twofold. First, from a
methodological perspective, our approach is useful to integrate
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LULC mapping with participatory, narrative-based scenario
development. Second, from an applied perspective, our approach
helps to better understand plausible LULC change in
southwestern Ethiopia, which is valuable for regional-level
stakeholders, planners, and policy makers.

METHODS

Study area

The study area consists of three districts or woredas (Gera,
Gumay, and Setema) in Jimma Zone, Oromia Region,
southwestern Ethiopia, with a total area of about 2800 km?2. Based
on Ethiopia’s multi-level governance system, woredas are districts
that are further subdivided into kebeles, where each kebele
contains a minimum of 500 households (Fig. 1). Southwestern
Ethiopia is a globally recognized biodiversity hotspot
(Mittermeier et al. 2011, Bellard et al. 2014), with large areas of
Afromontane forests (Hylander et al. 2013a). It is also the place
where Arabian coffee (Coffea arabica) originates (Senbeta and
Denich 2006). Coffee here is traditionally grown in forests under
the shade of native trees (Jena et al. 2012). The landscape consists
of a forest-agricultural mosaic (Ango et al. 2014, Dorresteijn et
al. 2017) that provides multiple ecosystem services to the local
population. These ecosystem services are key to local people’s
livelihoods and well-being (Shumi et al. 2019a).

From narratives to maps: translation steps

Our methodological approach to translating scenario narratives
into maps consisted of five key steps, which we outline in detail
below. Briefly, first, four narrative scenarios were developed (for
details, see Fischeretal. 2018, Jiren et al. 2020). Second, we created
a baseline map of current land uses from satellite imagery. Third,
based on the scenario narratives, we developed rules for how to
modify the baseline map under each scenario. Fourth, we used
the proximity-based scenario generator of the Integrated
Valuation of Ecosystem Services and Tradeoffs (InVEST)
software (Sharp et al. 2018) to produce maps of the four scenarios.
Fifth, we assessed how each of the scenarios affected kebeles of
different socioeconomic and biophysical characteristics.

Step 1: Development of the narrative scenarios

Prior to this paper, we had developed four qualitative narrative
scenarios (Fig. 2) through participatory scenario planning, which
involved 35 stakeholders from different organizations and local
community groups (for details, see Fischer et al. 2018, Jiren et al.
2020). Those 35 stakeholders, in turn, were based on an in-depth
analysis of the stakeholder network in the study area (Jiren et al.
2018). The scenarios considered a wide range of plausible
environmental, social, and economic changes, and are briefly
summarized below and in Appendix 1, Table A1.10. The time
period for the scenarios was 20 years, from 2020 to 2040.

“A. Gain over grain”: local cash crops

This scenario prioritizes farmers’ specialization and commercialization
to boost development, while traditional food cropping is
abandoned in favor of cash crops. The cash crops are coffee, the
stimulant drug khat (Catha edulis), and fast-growing trees, mostly
eucalyptus. The landscape largely consists of intensively managed
coffee forests interspersed with khat and tree plantations. Farmers
are encouraged to increase coffee production through newly
created coffee plantations. Eucalyptus plantations primarily
target degraded areas and marginal land. Khat plantations on
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Fig. 1. Map of (A) the location of the study area in Jimma Zone, Oromia, Ethiopia; and (B) a
detailed view of the three woredas targeted here, including kebeles boundaries and altitude (from
ASTER digital elevation model, https://asterweb.jpl.nasa.gov/gdem.asp).
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former farmland are intensively managed. Farmland biodiversity
is dramatically reduced because of intensive management and
habitat simplification. The production of food crops is limited:
little space remains for cultivating cereal crops, and only a few
farmers maintain small cereal fields. To maximize the limited food
production, the most fertile land is preferentially used for farming.

“B. Mining green gold”: coffee investors

This scenario is characterized by the intensification and
specialization of coffee production through large investors who
use modernized production approaches with high external inputs.
The landscape consists of intensively managed high-yielding
coffee plantations, and relatively little food is produced.
Smallholder land, communal land, and forests conducive for
coffee investment have been transferred to capital investors for
the creation and expansion of coffee plantations. The use of non-
native species for coffee shading is common. Local farmers are
left to farm marginalized areas unsuitable for large scale coffee
plantations, e.g., steep hillslopes.

“C. Coffee and conservation”: a biosphere reserve

This scenario is based on a more balanced land use approach.
Because of the failure of conventional agriculture and increasing
global interest in sustainably grown coffee, a biosphere reserve
has been established that combines sustainable agriculture,
environmentally friendly coffee production, and tourism. The
landscape is a diversified mosaic of forest and farmland and
consists of a core zone with unused natural forest; a buffer zone
for low-intensity production of local coffee, wild honey, and other
forest products; and an outer zone with interspersed cropland,
pastures, and tree plantations. Livestock production and
communal grazing take place much like at present, and people
grow fruits and vegetables as well as grains. Sustainable resource
management and improved soil and water conservation are
practiced to revert environmental degradation.

Fig. 2. Landscape view at present and in the four scenarios
(reproduced from Jiren et al. 2020). The current landscape
consists of a mosaic of food crops, cash crops, pasture, forest,
and settlements. The “Gain over grain” scenario describes a
landscape covered by different cash crops, whereas intensive
coffee plantations dominate the landscape in “Mining green
gold”. The “Coftee and conservation™ scenario is similar to the
current landscape in that different crops, trees, and settlements
co-exist. The “Food first” scenario consists of a landscape
dominated by intensively produced food crops, where forest is
spared from human activities.

Current landscape

Gain over grain:
Local cash crops

Mining green gold:
Coffee investors

w 3 @5
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Table 1. Ground control points (GCPs) used for image classification and accuracy assessment with their sources. Out of 159 GCPs
from primary fieldwork, 107 GCPs were collected during the previous project called “Identifying Social-Ecological System Properties
Benefitting Biodiversity and Food Security (SESyP)” (Shumi et al. 2018, 2019b), and 52 GCPs were collected by the first author of

this paper during a short field trip in February 2020.

Land cover For classification For verification
(accuracy assessment)
Primary field data GCPs from Google Earth Total GCPs GCPs from Google Earth
Woody vegetation 49 17 66 312
Pasture 46 16 62 120
Arable land 46 20 66 192
Grazed wetland 2 55 57 75
Cultivated wetland 2 40 42 100
Settlement 8 30 38 77
Total 159 178 338 876

“D. Food first”: intensive farming and forest protection

This scenario is driven by the impacts of climate change on food
and coffee production. Climate change has made coffee
production less viable in southwest Ethiopia, and food production
has been failing elsewhere in the country. Large amounts of food
are now produced in the southwest through intensive, large-scale
agriculture, which involves extensive land consolidation,
including the clearing of woody vegetation and the expansion of
cropland on flatlands and drained wetlands. The landscape is
dominated by cereal crop production. Intensified fruit and
vegetable plots, as well as pastures for beef fattening and
commercial beef production are also present, especially on steep
slopes. The remaining patches of natural forest are strictly
protected, and the local community is not permitted to access
them.

Step 2: Current land cover mapping

In this step, we mapped the current extent of biophysically distinct
land use and land cover classes. Characterization of land cover
details began with 10 meter Sentinal-2 satellite imagery (channels
2, 3,4, and 8) (freely downloaded from https://scihub.copernicus.
eu/) from January 2019. January 2019 was chosen because it was
the latest cloud free image available for the study area to clearly
differentiate the different land cover features. This imagery in
combination with ground control points were used to produce the
current extent of land use and land cover. Over 1000 ground
control points (GCPs) were gathered from different sources (Table

1).

We used supervised image classification (Lillesand et al. 2004) to
generate six land cover classes of the study area. We used this
method of land cover mapping because we had extensive
knowledge and data on the area, including having collected many
ground control points. Supervised image classification was
conducted using ArcGIS Desktop 10.6.1. Signatures from GCPs
were taken and analyzed for all primary land cover types identified
for mapping, namely woody vegetation, arable land, pasture,
cultivated wetland, grazed wetland, and settlement. These
signatures were given as input to the maximum likelihood
classification method (Lillesand et al. 2004, Gil et al. 2011, Patil
et al. 2012). Accuracy assessment of the image classification was
done via stratified random sampling (following Olofsson et al.
2014) using 876 points collected from Google Earth. The resulting

10-m pixel classification included fine-scale variation in land
covers, e.g. scattered woody vegetation within farmland.

Following the initial classification into six main classes, we
increased the thematic resolution of land covers in the landscape.
For terrain slope, based on the literature, we used a threshold of
30% in slope to classify flat versus steep areas (Henricksen et al.
1988). To differentiate between levels of farmland heterogeneity,
we ran a moving window analysis in Fragstats v4.2.1 to determine
the percent woody vegetation within a 200-m radius. We then
classified farmland as of low heterogeneity (< 5% woody
vegetation), medium heterogeneity (5-20% woody vegetation),
and high heterogeneity (> 20% woody vegetation). We classified
altitude into five ranges (< 1300 m, 1300-1500 m, 1500-2100 m,
2100-2300 m, > 2300 m), mainly based on the altitudes where
coffee growing is viable, both for currently suitable ranges
(Senbeta and Denich 2006, Hylander et al. 2013b, Tadesse et al.
2014, Shumi et al. 2018) and a projected future altitudinal shift
until 2040 (Moat et al. 2017). Distance from the edge of the forest
was used to differentiate between interior forest and edge forest,
where forest beyond 150 m from the edge was classified as interior
(Shumi et al. 2019b). Combining these different criteria then
allowed us to add thematic layering options to the land use map.

In addition to the land uses in Table 1, which were generated by
using satellite image and GCPs only, we added four additional
land uses (coffee plantations, eucalyptus plantations, khat, and
fruits and vegetables) to the baseline map based on their current
approximated locations because they were not directly visible
from satellite imagery. Although their present location was not
precisely known, we made assumptions based on our knowledge
of the study area where these land uses were most likely to occur.
For coffee plantations, we assumed that current coffee plantations
are found at the edges of flat forested areas, in altitude ranges
from 1500 to 2100m, within 1 km distance from a road, and only
in kebeles confirmed by local administrators as having coffee
plantations. For eucalyptus plantations, we assumed these to
occur close (within 1 km) to tin roofed houses, and in small patches
of woody vegetation measuring less than 0.25 ha. This was based
on findings that most villagers plant eucalyptus around their
homesteads (Takahashi and Todo 2017) and that eucalyptus is
mostly found in woodlot areas outside natural forest (Ango et al.
2014). We further assumed that khat was found very close to
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Table 2. Examples of key rules for the conversion of land use and land cover for the translation of qualitative narratives into quantitative
rules under different scenarios. Details of the rules of conversion can be found in Appendix 1 (Tables Al1.1, A1.2, A1.3, and A1.4, for

“Cash crops,” “Mining green gold,” “Biosphere reserve,” and “Food first” scenarios, respectively).

Scenarios Qualitative rules identified from the narrative scenarios Quantitative rules that detail the original land use/cover to be converted
Cash crops Farmers are encouraged to increase coffee production on farmland - arable 44% (27,500 ha) of flat, arable land at future coffee-producing altitudes (1500—
land. 2300 m) was converted to coffee plantation.
Cash crops Intensively managed khat plantations are established on former farmland. 21% (13,000 ha) of flat, arable land at below- and above-coffee altitudes (< 1500
m and > 2300 m) was converted to khat plantation.
Cash crops Fast-growing trees (mainly monocultures of eucalyptus plantations) primarily ~ 85% (9800 ha) of steep, arable land was converted to eucalyptus plantation.

Mining green
gold

Mining green
gold

Mining green
gold

Biosphere reserve
Biosphere reserve
Biosphere reserve

Food first

Food first

Food first

target degraded areas or marginal land.

Large areas of smallholder arable land conducive for coffee investment have
been transferred to capital investors for the expansion of large-scale intensive
coffee plantations.

Large areas of farmland woody vegetation were converted into intensively
managed shade coffee plantations, often using non-native shade tree species.
Large areas of natural forest conducive for coffee investment has been
transferred to capital investors for the expansion of largescale intensive coffee
plantations.

The landscape consists of a core zone of unused natural forest and a buffer
zone for low intensity production.

The landscape consists of an outer area to a core and buffer zones of forests
with a mosaic of cropland, pastures, and tree plantations.

Livestock production and communal grazing are maintained.

Large-scale land consolidation, including clearing of woody vegetation and
cropland expansion.

Farming has been mechanized as much as possible with government-owned
tractors being available for hire to work the large stretches of cropland in the
flat areas.

Modern agriculture almost completely replaced traditional small-scale

75% (47,400 ha) of flat, arable land at future coffee producing altitudes (1500—
2300m) was converted to coffee plantation.

60% (2800 ha) of farmland woody vegetation in flat areas at future coffee
producing altitudes (1500-2300m) was converted to coffee plantation.

50% (74,400 ha) of forest at future coffee producing altitudes (1500-2300m) was
converted to coffee plantation.

Forests were maintained as in the baseline.

Flat and steep arable land with high woody vegetation was maintained as in the
baseline.

Flat and steep pastures with high woody vegetation was maintained as in the
baseline

Flat, arable land remains as in the baseline.

Farmland woody vegetation on flat areas (3900 ha) was converted to arable land.

Flat pasture (27,900 ha) was converted to arable land.

farming.

homesteads on arable land, and only in kebeles mentioned by
local administrators to contain khat. We therefore allocated small
patches of arable land (less than 0.25 ha) adjacent to tin roofs to
khat. Similar to khat, for fruits and vegetables we allocated small
patches (less than 0.25 ha) of cultivated wetland close to
homesteads. Woody vegetation was divided into two classes
reflecting whether it occurred as part of the forest (where woody
vegetation patches > 1 ha) or was dispersed as farmland woody
vegetation (where woody vegetation patches < 1 ha). Settlement
was assigned to agglomeration of tin roofs in the study area. We
divided settlement into towns and rural settlements. Based on the
location of the three administrative towns of the three woredas
(CSA 2007) agglomerated tin roofs were assigned to towns,
whereas the remaining agglomerated tin roofs in the study area
were taken as rural settlement. The final baseline map thus
generated contained 12 land use and land cover classes: forest,
woody vegetation in farmland, arable land, pasture, cultivated
wetland, grazed wetland, coffee plantation, eucalyptus
plantation, khat, fruits and vegetables, rural settlement, and
towns.

Step 3: Translation of narrative rules into qualitative spatially
explicit rules

To translate narratives into maps, we defined rules that allowed
specific land use/cover types to be converted under the scenarios.
For this, we started by extracting and summarizing from each
scenario narrative qualitative rules that could be converted into
spatially explicit rules. For each land cover class in the baseline
map, a set of rules were generated that governed how and where
changes could occur. These rules were established using a
combination of land cover classes, biophysical elements (such as
slope, heterogeneity, and altitude), and distance from forest edge.
Thus, the rules were context specific, that is, they were dependent

on local conditions and importantly, they were directly linked to
the narratives of the scenarios developed with local stakeholders
for that specific area. Hence, although our general approach for
deriving locally relevant rules is transferable to other places, the
specific rules are not transferable.

We developed transition rules so that all land use transitions
occurring in the narrative scenarios could be expressed via
spatially explicit quantitative rules. The rules were derived via
iterative discussions within the author team, with the central aim
being that they were plausible based on known dynamics of
LULC change and consistent with the scenario narratives (Table
2, Appendix 1 Tables A1.1-A1.4.). In all scenarios, towns and
rural settlements expanded at annual rates of 5.4% and 1.8%,
respectively (World Bank 2015, Schmidt et al. 2018). In addition,
in the “B. Mining green gold” scenario, grazed and cultivated
wetlands remained unaltered compared to the baseline because
such wet areas are unsuitable for coffee plantations (Teketay
1999).

Step 4: Scenario maps generation

To produce scenario maps, we processed the baseline map into
four different spatially explicit scenarios of LULC in the InVEST
proximity-based scenario generator based on the established
conversion rules. InVEST is a tool designed to inform decisions
about natural resource management by providing information
about how changes in ecosystems are likely to lead to changes in
the flows of benefits to people (Sharp et al. 2018). The proximity-
based scenario generator in InVEST is a model that is used to
create a set of contrasting LULC maps that convert land cover in
different spatial patterns (Sharp et al. 2018). For all scenarios,
conversion of the original, to-be-converted land covers started
from those edges that were most proximate to the target, newly
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Table 3. Percent land use and land cover under the scenarios.
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Land cover Percentage of land cover for baseline and scenarios (in %)
Baseline Cash crop Mining green gold Biosphere Food first

Arable land 26.5 9.3 9.4 12.3 57.4
Coffee plantation 0.3 12.3 49.1 0.3 0.0
Cultivated wetland 4.9 4.6 4.9 4.6 0.0
Eucalyptus plantation 0.1 6.4 0.0 0.0 0.1
Farmland woody vegetation 1.7 1.5 0.7 9.8 0.0
Forest 52.9 52.8 26.4 52.9 35.2
Fruits and vegetables 0.1 0.1 0.1 8.6 2.1
Grazed wetland 0.9 0.9 0.9 0.9 0.0
Khat 0.1 6.0 0.1 0.1 0.1
Pasture 11.1 4.2 6.6 8.5 33
Settlement 1.3 1.3 1.3 1.3 1.3
Towns 0.3 0.6 0.6 0.6 0.6

established land cover. For every scenario, we identified the area
of the original and target land covers, in hectares, that needed to
be replaced. For this, we intersected the spatial layers of land use
and land cover, slope, percent woody vegetation, and altitude in
ArcGIS ArcMap 10.6.1 version using the “Intersect tool” in
“Spatial analysis” that creates an output layer with table columns
of those mentioned layers. Then, we calculated the area for this
new layer using the “Calculate geometry tool.” When different
conversion rules were competing for the same land cover type, we
defined priorities based on the logics of the narrative scenarios
regarding which conversion was more important. The resulting,
altered land cover map was then used to run the next iteration of
conversions that were of lower priority. For a single scenario, we
thus ran multiple iterations before the final land cover map was
completed. The InVEST model outputs were then visualized in a
geographic information system (GIS), where we also extracted
summaries of area changes for each land cover compared to the
baseline map.

Step 5: Contrasting future changes between groups of kebeles
Finally, we clustered kebeles into distinct groups to summarize
the changes occurring in the spatially explicit LULC scenario
maps. Such summarizing of changes by kebele groups was
meaningful because (a) the large number of kebeles (n = 67)
rendered the presentation of LULC for each kebele unpractical,
(b) many kebeles may share characteristics and therefore might
be similar in the changes that occur, and (c) aggregating LULC
across a woreda (regardless of the diversity of kebeles within the
woreda), or the entire study area, would potentially obscure
important spatial patterns of LULC change.

We used nine baseline variables, i.e. present conditions, to group
kebeles according to their social-ecological characteristics. Three
of these variables, the areas of woody vegetation, pastures, and
arable land, were used as proxies for their overall agro-ecological
makeup and were generated from the satellite imagery. Three
other variables, the present levels of khat, eucalyptus, and honey
production, were chosen because of their key importance for the
livelihoods of the local community and were gathered from
interviews with local experts. Khat and eucalyptus were estimated
based on their area coverage in hectares, whereas honey
production was estimated in kilograms. Two variables, mean
altitude and kebele remoteness, were important general variables

that might influence a range of social-ecological characteristics.
Mean altitude was calculated from ASTER digital elevation
model with 30-m resolution (obtained from https://asterweb.jpl.
nasa.gov/gdem.asp; NASA/METI/AIST/Japan Spacesystems
and U.S./Japan ASTER Science Team 2009). A remoteness index
was calculated as the weighted overlay analysis using equal
weights of the distance from the nearest town, the distance from
the nearest road, and the subjective perception of local
stakeholders classifying kebeles into one of five remoteness
classes. Last, we considered wealth as an important
socioeconomic variable and therefore also calculated a wealth
index for the study area based on the ratio of tin roofs (identified
from satellite imagery) to households in a kebele.

We used hierarchical clustering of these nine variables to identify
distinct groups of kebeles and visualized the resulting groups in
adendrogram, with the number of groups selected based on group
interpretability and approximately balanced group sizes
(Oberlack et al. 2019, Rocha et al. 2020, Schultner et al. 2021).
Specifically, based on the scores in the variables, we calculated a
distance matrix using Ward’s method and visualized by
“dendextend” package in R. We also visualized the kebeles and
groups in two-dimensional non-metric multidimensional scaling
(NDMSYS) to confirm the groupings (Galili 2015).

RESULTS

Land cover maps

In the baseline, forests covered more than half (53%) of the study
region. Arable land and pasture represented 26% and 11% of the
land cover, respectively. Cultivated wetland made up 5%, while
grazed wetland, farmland woody vegetation, eucalyptus
plantations, coffee plantations, fruit and vegetable plots, khat,
and settlements together covered the remaining 5% of the region
(Table 3). The result of the overall accuracy assessment for the
baseline was 86.3%, and the kappa coefficient was 0.82. Figure 3
presents the map of the baseline together with the four scenarios.

Kebele groups

The kebeles were clustered into four groups based on their baseline
social-ecological characteristics. The first cluster of kebeles, the
“pasture-cropland group,” contained 17 kebeles and was
characterized by the high availability of pasture and arable land.
This group had the lowest cover of woody vegetation and low
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Fig. 3. Baseline and scenario land cover maps. Arrows in the map indicate the plausibility of land
cover change from the current landscape to the four scenarios.
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levels of coffee forest, khat, and eucalyptus. A second cluster of
19 kebeles, the “khat-cropland group,” had a distinctly high
availability of khat and arable land and was located at higher
altitudes. This group had low coffee forest availability and the
lowest wealth index. A third cluster of 18 kebeles, the “woody
vegetation group,” had a high extent of woody vegetation cover,
high coffee forest availability, high importance of honey
production, and was relatively remote. Finally, a fourth cluster of
12 kebeles, the “accessible-wealthy group,” had large extents of
eucalyptus plantations, and was relatively accessible and wealthy.
Figure 4 shows the hierarchical clustering presented as a

dendrogram. We cross-checked the dendrogram with NDMS
ordination for the groups, but we did not include the graph.

Spatially explicit scenario maps

Land cover changed markedly under the four different future
scenarios, with strong distinctions between the individual
scenarios. Figure 5 shows the total LULC under each scenario,
whereas Table 3 summarizes the LULC proportional to the
baseline extent of land covers under each scenario. Notably,
however, changes in a given scenario did not occur uniformly
across the study region but differed between kebele groups. Along


https://www.ecologyandsociety.org/vol27/iss2/art13/

Ecology and 8001ety 27(2) 13
ds /vol2

Fig. 4. Cluster dendrogram of kebeles groups (branch colors indicate the groups: blue = “woody vegetation
group,” green = “accessible-wealthy group,” red = “pasture-cropland group,” and black = “khat-cropland

group”).
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with general changes, we therefore also present differences
between the kebele groups. Note that all land cover and land cover
changes in the following summaries are rounded to the nearest
percent(age).

“A. Gain over grain”: local cash crops

The “A. Gain over grain” scenario was characterized by strong
changes in arable land and pasture, which decreased by 17% and
7%, respectively. Coffee plantations increased by 12%, and
eucalyptus plantations and khat plots by 6% each (Fig. 5 and
Supplementary Table Al.5). Forest cover, farmland woody
vegetation, and cultivated wetland all showed slight decreases due
to settlement (both rural and urban) expansion. Under this
scenario, forest cover remained essentially unchanged,
accounting for approximately half of the landscape (53%).
Outside the forest, the landscape was covered by coffee
plantations (12%), followed by arable land (9%), eucalyptus
plantations (6%), and khat (6%; Table 3).

Under the “A. Gain over grain” scenario, the greatest changes
occurred in the khat-cropland kebeles, which were originally
characterized by a large extent of arable land and relatively high
altitude. As indicated in Figure 6 and Table A1.6, arable land
decreased by 46%, whereas it decreased by 34%, 25%, and 17%
in the pasture-cropland, accessible-wealthy, and woody
vegetation kebeles, respectively. Coffee plantations increased by
20% in both the khat-cropland and accessible-wealthy kebeles,
whereas they increased by 15% and 12% in pasture-cropland and
woody vegetation kebeles, respectively. Eucalyptus plantations
increased by 12% in both the pasture-cropland and khat-cropland
kebeles, while they increased by 5% in woody vegetation and
accessible-wealthy kebeles. Similarly, khat increased by 14% and
12% in pasture-cropland and khat-cropland kebeles, respectively.
There was a small increase in khat in the woody vegetation

== OO LD D r—

LU O

accessible-wealthy kebeles groups of 2% and 3%, respectively.
Details of percentage changes by kebele groups are provided in a
Supplementary Table Al.6.

“B. Mining green gold”: coffee investors

Because this scenario promoted large-scale coffee investment,
almost half of the landscape (49%) was converted to intensive
coffee plantations. Twenty-seven percent of forest, 17% of arable
land, 5% of pasture, and 1% of farmland woody vegetation most
suitable for coffee growing were converted to plantations (Fig. 5
and Table A1.5). These conversions took place not only in the
current coffee growing altitudes up to 2100 m but up to 2300 m
reflecting the predicted shift in suitable areas due to climate
change (Moat et al. 2017). In contrast, lower altitudes (13001500
m) lost coffee because of increasing climatic unsuitability. Under
this scenario, the remaining land cover mainly constituted forest
cover (26%), followed by arable land (9%), and pasture (7%; Table
3). Forest, arable land, and pasture decreased by 27%, 17%, and
5%, respectively (Table A1.5).

All kebele groups experienced significant increases in coffee
plantations. However, the accessible-wealthy kebeles and woody
vegetation kebeles saw the strongest increases in coffee plantations
by 72% and 61%, respectively. The khat-cropland kebeles saw an
increase in coffee plantations by 41% (Table A1.7 and Fig. 6).
Arable land decreased in all kebele groups. However, the strongest
decrease occurred in pasture-cropland kebeles of 33%, whereas
there was a smaller decrease in the woody vegetation kebeles of
14%. Similarly, forest showed a strong decrease in both the woody
vegetation and accessible-wealthy kebeles (41%), with a smaller
decrease in the pasture-cropland kebeles (8%0). Details of changes
of LULC by kebele groups are presented in Table A1.7 and Figure
6.
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Fig. 5. Percentage change of land cover types under scenarios.
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“C. Coffee and conservation”: a biosphere reserve

Here, there were relatively few changes in the landscape from the
baseline compared to the other scenarios. Forest cover remained
stable, occupying more than half of the landscape (53%) followed
by arable land (12%). Farmland woody vegetation increased and
constituted 10% of the landscape, followed by fruits and
vegetables (9%) and pasture (8%; Table 3). This scenario saw an
increase in landscape heterogeneity (Fig. 3). Arable land and
pasture decreased by approximately 14% and 3%, respectively. In
contrast, fruits and vegetables and farmland woody vegetation
increased by 9% and 8%, respectively (Table A1.5).

All kebele groups experienced slight changes under this scenario.
However, the khat-cropland kebeles and the pasture-cropland
kebeles saw strong increases in farmland woody vegetation of 13%
and 14%, respectively. Similarly, fruits and vegetables increased
by 12% and 20% in the khat-cropland and pasture-cropland
kebeles, respectively. Details are presented in Figure 6 and Table
Al.8.

“D. Food first”: intensive farming and forest protection

The “D. Food first” scenario was characterized by a strong change
to most of the land covers in the landscape. Arable land expanded
and covered more than half of the landscape (57%). The
remaining proportion of the landscape was mainly covered by

n
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forest (35%), followed by pasture (3%) and fruits and vegetables
(2%). Wetlands, farmland woody vegetation, and coffee
plantations were lost to arable land (Table 3). This scenario
created a more homogenous landscape dominated by arable land
and patches of forest (Fig. 3). Arable land increased by 31%.
Contrary to this, forest and pastureland decreased by 18% and
8%, respectively (Fig. 5 and Table A1.5). Pasture in this scenario
was mostly restricted to steep slopes.

All kebele groups experienced increases in arable land. However,
pasture-cropland and accessible-wealthy kebeles saw a stronger
expansion of arable land by 40% and 44%, respectively, whereas
both the khat-cropland and woody vegetation kebeles saw an
increase of 32%. There were strong decreases in forest area in the
accessible-wealthy kebele group (33%), while there was a smaller
decrease (19%) in forest cover in the khat-cropland kebeles (Fig.
6 and Table A1.9).

DISCUSSION

We presented a structured approach for translating narrative
scenarios of future landscape changes into maps. Based on key
variables that we extracted from the alternative narration lines of
four future scenarios that were previously developed in a
participatory scenario planning process, we established
quantitative rules that made future landscape changes spatially
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Fig. 6. Comparison of the results of percentage changes showing means and standard errors of changes in land covers by scenarios
and kebele groups. Kebele groups are listed on the right side as the pasture-cropland group, khat-cropland group, woody vegetation

group, and accessible-wealthy group.

"A. Gain over grain" "B. Mining green gold" "C. Coffee and conservation” D. Food first"
Arable land - —
Pasture q o)
Cultivated wetland - &
Grazed wetland q §
Fruits and vegetables - g
Khat - o
Forest %
Woody vegetation farmland 2
Coffee plantation 4 Q
Eucalyptus plantation - o 3 2
Towns 1 ©
Settlement -
Arable land 1 = I -
Pasture 1 - |
Cultivated wetland - =
Grazed wetland - 2
Fruits and vegetables - 5
Khat - <
Forest o
Woody vegetation farmland g
© Coffee plantation - 5]
& Eucalyptus plantation i 5
bt Towns
[ Settlement -
3
O Arable land 1 = '- J 9 »
B Pasture 4 4 =
© Cultivated wetland 4 8
- Grazed wetland - -3‘
Fruits and vegetables - &
Khat 1 I <
Forest 1 )
Woody vegetation farmland - )
Coffee plantation - - =)
Eucalyptus plantation 3 g
Towns 1 =
Settlement
Arable land A - " J "1 —
Pasture q g
Cultivated wetland 7 @
Grazed wetland 4 &
Fruits and vegetables - 2
Khat - <
Forest+ ®
Woody vegetation farmland - 5
Coffee plantation - -
Eucalyptus plantation - " I}
Towns 1 S
Settlement -
50 25 0 25 50 75 50 -2 75-50 25 0 25 50 7550 -2 75

explicit. Starting from a baseline map of present land uses, we
applied a set of rules to generate land use maps for the scenarios.
Below, we reflect on our approach, explore some of the general
and specific insights we gained from the mapping, and discuss the
plausibility of each of the generated maps.

The objective of scenario research is “to move away from the
reactive mode of decision making” (IPBES 2016:3). In many
cases, however, scenario development stops with the generation
of narrative scenarios. The approach presented here integrates
future land use mapping with participatory, narrative-based
scenario research as a way to assess alternative future social-
ecological scenario outcomes. Although narratives may speak
well to some stakeholders, e.g., local people, some stakeholders
are likely to find maps more useful. Turning scenario narratives
into maps thus provides additional opportunities for stakeholders
and decision makers to proactively manage plausible LULC

Percentage change

changes, biodiversity, and ecosystem services rather than simply
allowing for their ongoing degradation. Crucially, the generation
of context specific, but still spatially explicit maps of LULC
change may help facilitate more nuanced and spatially
differentiated approaches to managing or adapting to broad scale
socioeconomic changes occurring at the landscape scale.

The results of our spatially explicit land use scenario maps
revealed the contrasts of narratives that resulted from
participatory scenario planning. As Peterson et al. (2003) argued,
the central idea of scenario planning is to consider a variety of
possible futures that include many of the important uncertainties
in the system rather than to focus on the accurate prediction of
a single outcome. The maps can also lend key support to societal
envisioning processes by sketching out the land use realities of
alternative objectives, and quantifying the trade-offs associated
with specific changes in land use and land cover (Verburg et al.
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2015). In our study, such changes and the plausibility of the
generated maps were assessed at the landscape level as well as, for
each scenario, for groups of kebeles with different characteristics.

One scenario focused on cash crops (coffee, khat, and fast-
growing trees) grown by local smallholders (“A. Gain over grain™).
Under this scenario, the map showed decreases in arable land and
pasture by 17% and 7%, respectively (Table A1.5). Land use
change impacted arable land and pasture in particular, because
the local community focused on producing cash crops instead. At
the national level, such changes are plausible; existing evidence
indicates that cash crops such as coffee and khat are increasingly
being produced by smallholder farmers. Coffee is the country’s
back bone in earning foreign exchange. About 44% of the coffee
produced is exported, and about 98% of coffee in Ethiopia is
produced by smallholder farmers (Dharmendra Kumar et al.
2014). Khatis an evergreen tree grown for the production of leaves
that are used as a stimulant (Feyisa and Aune 2003), and it is
mainly cultivated by smallholder farmers (Feyisa and Aune 2003,
Gessesse Dessie 2013, Gebrehiwot et al. 2016). Land used for khat
production in Ethiopia has increased rapidly in recent years
(Cochrane and O’Regan 2016) replacing cereal production
(Feyisa and Aune 2003), and increasingly dominating
homegardens (Gebrehiwot et al. 2016). The main reasons for khat
expansion are diminishing land availability, land fragmentation,
declining soil productivity, a decrease in government subsidies to
buy fertilizer and quality seeds for food crop production, high
cash return, and low risk of theft and wildlife damage (Gessesse
Dessie 2013, Gebrehiwot et al. 2016). Fast growing trees,
especially eucalyptus, are also increasingly popular among
smallholder farmers to generate cash. Several studies in Ethiopia
have indicated that there is a recent uncontrolled expansion of
eucalyptus in the country (FAO 2011, Zegeye 2010, Jaleta et al.
2016, 2017), including into smallholder croplands (FAO 2011,
Jaleta et al. 2016). Multi-purpose use, fast growth, and high rates
of return have made eucalyptus a preferred species by smallholder
farmers (Teketay 2000, Jagger and Pender 2003). In combination,
strong expansions of coffee, khat, and eucalyptus into farmland
are thus highly plausible in general; our map shows one particular
way in which such expansion could realistically play out in
southwestern Ethiopia.

The “C. Coffee and conservation” scenario focused on sustainable
land management in the context of a newly created biosphere
reserve. Here, the map showed an increase in farmland woody
vegetation by 8% (Table A1.5). Degraded steep slopes became
restored by native woody vegetation as well as fruit trees, resulting
in a highly diversified farmland mosaic. Forest cover remained
stable compared to the current situation. Geographically, our
study area is located in a biodiversity hotspot area (Mittermeier
etal. 2011) in between two biosphere reserves, the Yayu and Kafa
reserves. In the north, the study area borders onto the Yayu coffee
forest biosphere reserve, which was registered by UNESCO in
2010. It covers 167,021 ha and has a similar land cover
composition to our study area (Gole et al. 2009). Similarly, in the
south, our study area borders onto the Kafa biosphere reserve.
This was also registered in 2010, and covers an area of 744,919
ha with habitat types also similar to our study area (NABU 2017).
In approximate terms, our modeled LULC map of the biosphere
scenario thus showed a similar profile as the two existing
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biosphere reserves in the region. Placing an additional biosphere
reserve in the region is especially plausible because aggregations
of biosphere reserves are recognized as important “clusters” by
UNESCO (for example, Gouritz Cluster Biosphere Reserve
located in South Africa; Urban and Beswick 2018). By
considering general well-established factors underpinning the
success of biosphere reserves (Van Cuong et al. 2017), as well as
by learning from the challenges and opportunities facing the Yayu
and Kafa biosphere reserves, a new biosphere reserve with diverse
land cover types seems to stand good chances of successful
implementation.

The other two scenarios, “B. Mining green gold” and “D. Food
first,” were both based on large-scale agricultural investment and
involved large-scale land acquisition or consolidation. Under the
“B. Mining green gold,” which seeks to produce coffee for export
to increase foreign exchange (Jiren et al. 2020), about half of the
landscape (49%) was covered by coffee plantations, resulting from
the conversion of about 27%, 17%, 5% of forest, arable land, and
pasture, respectively (Table 3 and Table A1.5). Similarly, in the
“D. Food first” scenario map, more than half of the landscape
was covered by intensive cereal crop production. Under this
scenario, strictly protected forest covered about 35% of the
landscape, whereas about 5% of the remaining landscape was
covered by pasture, fruits and vegetables, and settlements (Table
3).

Both the scientific literature and FEthiopian government
documents indicate the plausibility of these two scenarios, which
show two different types of large-scale agricultural investment.
Since 2005, through its Growth and Transformation Plan (GTP),
the Ethiopian government has promoted large-scale agricultural
investment as a major part of its overall development strategy to
make Ethiopia a food-secure, middle-income country by 2025
(Keeley et al. 2014, Bachewe et al. 2018) through foreign exchange
earnings from agricultural exports, generating increased food
availability, improved incomes via employment on commercial
farms, and better infrastructure (Keeley et al. 2014, Moreda 2018).
Case studies have been conducted on large-scale agricultural
investment in different parts of the country, such as in Gambella
region (Keeley et al. 2014, Baumgartner et al. 2015), in
Benishangul Gumz region (Moreda 2017), and in Bakko Tibbe
of Oromia region (Wayessa 2020). These case studies found that,
contrary to the government’s expectation, the investments have
often threatened both ecosystems and livelihood of local
communities, depriving local communities from accessing vital
common property land resources, causing land dispossession,
displacement of farmers, and environmental destruction.
Notably, some of the high profile cases of agricultural investment
such as the Karuturi Global Ltd. farm project in Bakko Tibbe
have already failed (Wayessa 2020); here, however, the land has
been returned to the federal land bank for other potential
investors (Moreda 2018). Thus, despite the limited success, official
commitment to supporting agricultural investment projects
appears to be unchanged (Rahmato 2014, Moreda 2018).
Extensive land cover change to support more industrial land use
practices, as indicated in our scenario maps, thus seems entirely
plausible.

At the landscape level, substantial changes were associated with
large-scale investment scenarios (“B. Mining green gold” and “D.
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Food first”), where about half of the landscape was covered by
intensively managed coffee plantations or arable land,
respectively. In contrast, under the “A. Gain over grain” and “C.
Coffee and conservation” scenarios, LULC changed less. In both
of these scenarios, wetlands and forest cover were sustained, while
arableland and pasture showed a slight decrease in both scenarios.
Smallholder coffee plantations, khat, and fast-growing trees
increased in the “A. Gain over grain,” while farmland woody
vegetation and fruits and vegetables increased under the biosphere
scenario. A gain in farmland woody vegetation in the “C. Coffee
and conservation,” in turn, would likely have major positive effects
on biodiversity and ecosystem services.

The impact of scenarios differed significantly across the different
types of social-ecological systems within the study area, as
identified by the four kebele groups. Our results show that the
four types of kebeles experienced differentiated changes under
each scenario. For instance, as indicated in Figure 6, pasture-
cropland kebeles were least affected by the “C. Coffee and
conservation” scenario. The khat-cropland kebeles were more
sensitive to the changes under the “A. Gain over grain” scenario,
while the changes for these kebeles under the other three scenarios
were less sensitive. Woody vegetation kebeles were most affected
by the “B. Mining green gold” scenario, while they were relatively
less altered by the “A. Gain over grain” and “C. Coffee and
conservation” scenarios. Similar to the woody vegetation, the
accessible-wealthy kebeles showed pronounced change under the
coffee investment scenario. The combined use of spatial mapping
and of social-ecological systems characteristics (Oberlack et al.
2019, Rochaetal. 2020) to identify spatially differentiated changes
within each scenario, is therefore potentially a very useful tool. It
allows consideration of both the sensitivity to, and the (un)
desirability of, different scenarios based on localized social-
ecological conditions. Based on such assessment, spatially
differentiated polices may be developed to mitigate or encourage
certain LULC change trajectories.

Notwithstanding the benefits and usefulness of translating
narrative scenarios into maps (discussed above), there are also
limitations. Most importantly, we acknowledge that our maps in
their present form cannot capture important changes in ecological
aspects, such as biodiversity loss, or social aspects such as social
cohesion, equity, and food security. Other authors have noted
similar challenges resulting from simplification of quantitative
scenarios during translations (e.g. Kok and van Delden 2009,
Booth et al. 2016), such that narratives and maps should best be
consulted in combination.

The method introduced in this paper could be improved further
by including stakeholders in the definition of the rules of land
cover change. This, in turn, may further increase buy-in by
stakeholders into the final outputs. In our case, we acknowledge
that we were not able to involve stakeholders in setting the
translation rules, and this could be a possible limitation of our
work. However, the original narratives were co-generated with
stakeholders; and the translation rules used were based on in-
depth iterative discussions within the project team, who had
collectively worked for multiple years (and with local
stakeholders) in the study area. Finally, future research could link
spatially explicit maps of plausible LULC change (such as those
generated here) to spatially explicit models of biodiversity loss or
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resource appropriation and their impacts on issues of equity and
food security.

CONCLUSION

Our spatially explicit land use scenario maps were highly effective
in visualizing land use and land cover components related to the
previously generated scenarios, and as such, they underline the
internal consistency of any given scenario. The maps thus can be
used as a valuable input to help stakeholders weigh the pros and
cons of different development trajectories, which is a key benefit
of using scenarios in general. Developing an approach that
translates narrative scenarios into maps further advances scenario
research toward being a proactive tool, because it provides
spatially explicit information that can help stakeholders and
decision makers plan for the future.

Until this work, to the best of our knowledge, within Ethiopia,
no studies have translated narrative storylines into spatially
explicit land wuse scenarios. Our study thus represents a
methodological development that can be used as a starting point
or proof of concept to be replicated in different landscapes
elsewhere, and that could also be scaled up to the regional or
national level. Through the generation of spatial maps of
plausible futures of southwestern Ethiopia, our study also
constitutes a useful practical contribution for stakeholders in
management and policy, as well as a tool to facilitate transparent
negotiation and communication at local, government, and NGO
levels. Last, the results can also be used for further research to
model ecological and social outcomes in spatially explicit ways
across the four scenarios.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.

php/13200

Acknowledgments:

We thank two anonymous reviewers for their constructive feedback
on an earlier version of this paper. We gratefully appreciate funding
by the German Ministry for Education and Research (BMBF ).

Data Availability:

The datalcode that support the findings of this research are available
on request from the corresponding author, [DWD].

LITERATURE CITED

Alcamo, J. 2008. Chapter Six The SAS approach: combining
qualitative and quantitative knowledge in environmental
scenarios. Developments in Integrated Environmental Assessment
2:123-150. https://doi.org/10.1016/S1574-101X(08)00406-7

Alcamo, J., K. Kok, G. Busch, and J. A. Priess. 2008. Searching
for the future of land: scenarios from the local to global scale.
Pages 67-103 in J. Alcamo, editor. Environmental futures: the
practice of environmental scenario analysis. Elsevier,
Amsterdam, The Netherlands. https://doi.org/10.1016/S1574-101X

(08)00404-3



https://www.ecologyandsociety.org/vol27/iss2/art13/
https://www.ecologyandsociety.org/issues/responses.php/13200
https://www.ecologyandsociety.org/issues/responses.php/13200
https://doi.org/10.1016/S1574-101X(08)00406-7
https://doi.org/10.1016/S1574-101X(08)00404-3
https://doi.org/10.1016/S1574-101X(08)00404-3

Ango, T. G., L. Borjeson, F. Senbeta, and K. Hylander. 2014.
Balancing ecosystem services and disservices: smallholder
farmers’use and management of forest and treesin an agricultural
landscape in southwestern Ethiopia. Ecology and Society 19
(1):30. https://doi.org/10.5751/ES-06279-190130

Bachewe, F. N., G. Berhane, B. Minten, and A. S. Taffesse. 2018.
Agricultural transformation in Africa? Assessing the evidence in
Ethiopia. World Development 105:286-298. https:/doi.

Ecology and 8001ety 27(2) 13
ds /vol2

Enfors, E. 1., L. J. Gordon, G. D. Peterson, and D. Bossio. 2008.
Making investments in dryland development work: participatory
scenario planning in the Makanya Catchment, Tanzania. Ecology
and Society 13(2):42. https://doi.org/10.5751/ES-02649-130242

Feyisa, T. H., and J. B. Aune. 2003. Khat expansion in the
Ethiopian Highlands. Mountain Research and Development 23
(2):185-189.  https://doi.org/10.1659/0276-4741(2003)023[0185:
KEITEH]2.0.CO;2

org/10.1016/j.worlddev.2017.05.041

Baumgartner, P, J. von Braun, D. Abebaw, and M. Miiller. 2015.
Impacts of large-scale land investments on income, prices, and
employment: empirical analyses in Ethiopia. World Development
72:175-190. https://doi.org/10.1016/j.worlddev.2015.02.017

Bellard, C., C. Leclerc, B. Leroy, M. Bakkenes, S. Veloz, W.
Thuiller, and F. Courchamp. 2014. Vulnerability of biodiversity
hotspots to global change. Global Ecology and Biogeography 23
(12):1376-1386. https://doi.org/10.1111/geb.12228

Booth, E. G, J. Qiu, S. R. Carpenter, J. Schatz, X. Chen, C. J.
Kucharik, S. P. Loheide II, M. M. Motew, J. M. Seifert, and M.
G. Turner. 2016. From qualitative to quantitative environmental
scenarios: translating storylines into biophysical modeling inputs
at the watershed scale. Environmental Modelling and Software
85:80-97. https://doi.org/10.1016/j.envsoft.2016.08.008

Butler, J. R. A., W. Suadnya, K. Puspadi, Y. Sutaryono, R. M.
Wise, T. D. Skewes, D. Kirono, E. L. Bohensky, T. Handayani, P.
Habibi, M. Kisman, I. Suharto, Hanartani, S. Supartarningsih,
A. Ripaldi, A. Fachry, Y. Yanuartati, G. Abbas, K. Duggan, and
A. Ash. 2014. Framing the application of adaptation pathways
for rural livelihoods and global change in eastern Indonesian
islands. Global Environmental Change 28:368-382. https://doi.
org/10.1016/j.gloenvcha.2013.12.004

Central Statistical Agency (CSA). 2007. The 2007 population and
housing census of Ethiopia: statistical reports of the census for
Oromiya Region. CSA, Addis Ababa, Ethiopia.

Cochrane, L., and D. O’Regan. 2016. Legal harvest and illegal
trade: trends, challenges, and options in khat production in
Ethiopia. International Journal of Drug Policy 30:27-34. https://
doi.org/10.1016/j.drugpo.2016.02.009

Dharmendra Kumar, D., R. H. Yadav, and S. K. Dube. 2014. Why
a shift from coffee to chat? A study of the Kersa Woreda in Jimma
zone of south western Ethiopia. Research on Humanities and
Social Sciences 4(19):176-182.

Diaz, S., J. Settele, E. S. Brondizio, H. T. Ngo, J. Agard, A. Arneth,
P. Balvanera, K. A. Brauman, S. H. M. Butchart, K. M. A. Chan,
L. A. Garibaldi, K. Ichii, J. Liu, S. M. Subramanian, G. F.
Midgley, P. Miloslavich, Z. Molnar, D. Obura, A. Pfaff, S. Polasky,
A. Purvis, J. Razzaque, B. Reyers, R. R. Chowdhury, Y. J. Shin,
1. Visseren-Hamakers, K. J. Willis, and C. N. Zayas. 2019.
Pervasive human-driven decline of life on Earth points to the need
for transformative change. Science 366(6471). https://doi.
org/10.1126/science.aax3100

Dorresteijn, I., J. Schultner, N. F. Collier, K. Hylander, F. Senbeta,
and J. Fischer. 2017. Disaggregating ecosystem services and
disservices in the cultural landscapes of southwestern Ethiopia:
a study of rural perceptions. Landscape Ecology 32
(11):2151-2165. https://doi.org/10.1007/s10980-017-0552-5

Fischer, J., D. J. Abson, A. Bergsten, N. F. Collier, I. Dorresteijn,
J. Hanspach, K. Hylander, J. Schultner, and F. Senbeta. 2017.
Reframing the food—Dbiodiversity challenge. Trends in Ecology
& Evolution 32(5):335-345. https://doi.org/10.1016/j.tree.2017.02.009

Fischer, J., F. Senbeta, I. Dorresteijn, J. Hanspach, T. S. Jiren, and
J. Schultner. 2018. Envisioning the future for southwestern
Ethiopia/Egeree kibba lixa [toophiyaa agarsiisuu. Pensoft, Sofia,
Bulgaria. https://books.pensoft.net/books/13101

Food and Agriculture Organization (FAO). 2011. Eucalyptus in
East Africa: socio-economic and environmental issues. FAO,
Rome, Italy.

Frame, B., J. Lawrence, A. G. Ausseil, A. Reisinger, and A.
Daigneault. 2018. Adapting global shared socio-economic
pathways for national and local scenarios. Climate Risk
Management 21:39-51. https://doi.org/10.1016/j.crm.2018.05.001

Gaffin, S. R., C. Rosenzweig, X. Xing, and G. Yetman. 2004.
Downscaling and geo-spatial gridding of socio-economic
projections from the IPCC Special Report on Emissions Scenarios
(SRES). Global Environmental Change 14(2):105-123. https:/
doi.org/10.1016/j.gloenvcha.2004.02.004

Galili, T. 2015. dendextend: an R package for visualizing,
adjusting and comparing trees of hierarchical clustering.
Bioinformatics 31(22):3718-3720. https://doi.org/10.1093/bioinformatics/
btv428

Gebrehiwot, M., M. Elbakidze, G. Lidestav, M. Sandewall, P.
Angelstam, and H. Kassa. 2016. From self-subsistence farm
production to khat: driving forces of change in Ethiopian
agroforestry homegardens. Environmental Conservation 43
(3):263-272. https://doi.org/10.1017/S0376892916000035

Gessesse Dessie. 2013. Favouring a demonised plant: khat and
Ethiopian smallholder enterprises. Current African Issues 51.
Nordiska Afrikainstitutet, Uppsala, Sweden.

Gil, A., Q. Yu, A. Lobo, P. Lourengo, L. Silva, and H. Calado.
2011. Assessing the effectiveness of high resolution satellite
imagery for vegetation mapping in small islands protected areas.
Journal of Coastal Research ST 64:1663-1667.

Gole, T. W,, F. Senbeta, K. Tesfaye, and F. Getahun. 2009. Yayu
Coffee Forest Biosphere Reserve nomination form. Ethiopian
MAB National Committee, Addis Ababa, Ethiopia. UNESCO -
Man and the Biosphere (MAB) Programme. http://196.188.40.146/
documents/377/download

Haines-Young, R. 2009. Land use and biodiversity relationships.
Land Use Policy 26:S178-S186. https://doi.org/10.1016/].
landusepol.2009.08.009



https://doi.org/10.5751/ES-06279-190130
https://doi.org/10.1016/j.worlddev.2017.05.041
https://doi.org/10.1016/j.worlddev.2017.05.041
https://doi.org/10.1016/j.worlddev.2015.02.017
https://doi.org/10.1111/geb.12228
https://doi.org/10.1016/j.envsoft.2016.08.008
https://doi.org/10.1016/j.gloenvcha.2013.12.004
https://doi.org/10.1016/j.gloenvcha.2013.12.004
https://doi.org/10.1016/j.drugpo.2016.02.009
https://doi.org/10.1016/j.drugpo.2016.02.009
https://doi.org/10.1126/science.aax3100
https://doi.org/10.1126/science.aax3100
https://doi.org/10.1007/s10980-017-0552-5
https://doi.org/10.5751/ES-02649-130242
https://doi.org/10.1659/0276-4741(2003)023[0185:KEITEH]2.0.CO;2
https://doi.org/10.1659/0276-4741(2003)023[0185:KEITEH]2.0.CO;2
https://doi.org/10.1016/j.tree.2017.02.009
https://books.pensoft.net/books/13101
https://doi.org/10.1016/j.crm.2018.05.001
https://doi.org/10.1016/j.gloenvcha.2004.02.004
https://doi.org/10.1016/j.gloenvcha.2004.02.004
https://doi.org/10.1093/bioinformatics/btv428
https://doi.org/10.1093/bioinformatics/btv428
https://doi.org/10.1017/S0376892916000035
http://196.188.40.146/documents/377/download
http://196.188.40.146/documents/377/download
https://doi.org/10.1016/j.landusepol.2009.08.009
https://doi.org/10.1016/j.landusepol.2009.08.009
https://www.ecologyandsociety.org/vol27/iss2/art13/

Hanspach, J., T. Hartel, A. I. Milcu, F. Mikulcak, I. Dorresteijn,
J. Loos, H. Von Wehrden, T. Kuemmerle, D. Abson, A. Kovacs-
Hostyanszki, A. Baldi, and J. Fischer. 2014. A holistic approach
to studying social-ecological systems and its application to
southern Transylvania. Ecology and Society 19(4):32. https://doi.
org/10.5751/ES-06915-190432

Henricksen, B. L., D. C. Adiei-Twum, L. Mayer, E. de Pauw, R.
Schipper, and J. Wicks. 1988. Master land use plan. Report
prepared for the Government of the Peoples Democratic Republic
of Ethiopia. Food and Agriculture Organization, Rome, Italy.
https://www.fao.org/3/as001e/as001e.pdf

Hylander, K., S. Nemomissa, J. Delrue, and W. Enkosa. 2013b.
Effects of coffee management on deforestation rates and forest
integrity. Conservation Biology 27(5):1031-1040. https://doi.
org/10.1111/cobi.12079

Hylander, K., S. Nemomissa, and W. Enkosa. 2013a. Edge effects
onunderstory epiphytic ferns and epiphyllous bryophytes in moist
Afromontane forests of Ethiopia. Polish Botanical Journal 58
(2):555-563. https://doi.org/10.2478/pbj-2013-0050

Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES). 2016. The methodological
assessment report on scenarios and models of biodiversity and
ecosystem services. Secretariat of the IPBES, Bonn, Germany.

Jagger, P, and J. Pender. 2003. The role of trees for sustainable
management of less-favored lands: the case of eucalyptus in
Ethiopia. Forest Policy and Economics 5(1):83-95. https://doi.
org/10.1016/S1389-9341(01)00078-8

Jaleta, D., B. Mbilinyi, H. Mahoo, and M. Lemenih. 2016.
Eucalyptus expansion as relieving and provocative tree in
Ethiopia. Journal of Agriculture and Ecology Research
International 6(3):1-12. https://doi.org/10.9734/JAER1/2016/22841

Jaleta, D., B. P. Mbilinyi, H. F. Mahoo, and M. Lemenih. 2017.
Effect of eucalyptus expansion on surface runoff in the central
highlands of Ethiopia. Ecological Processes 6:1. https://doi.
org/10.1186/s13717-017-0071-y

Jena, P. R., B. B. Chichaibelu, T. Stellmacher, and U. Grote. 2012.
The impact of coffee certification on small-scale producers’
livelihoods: a case study from the Jimma Zone, Ethiopia.
Agricultural Economics 43:429-440. https://doi.org/10.1111/
1.1574-0862.2012.00594.x

Jiren, T. S., I. Dorresteijn, J. Schultner, and J. Fischer. 2018. The
governance of land use strategies: institutional and social
dimensions of land sparing and land sharing. Conservation
Letters 11(3):e12429. https://doi.org/10.1111/conl.12429

Jiren, T. S., J. Hanspach, J. Schultner, J. Fischer, A. Bergsten, F.
Senbeta, K. Hylander, and I. Dorresteijn. 2020. Reconciling food
security and biodiversity conservation: participatory scenario
planning in southwestern Ethiopia. Ecology and Society 25(3):24.
https://doi.org/10.5751/ES-11681-250324

Keeley, J., W. M. Seide, A. Eid, and A. L. Kidewa. 2014. Large-
scale land deals in Ethiopia: scale, trends, features and outcomes
to date. International Institute for Environment and
Development, London UK.

Ecology and 8001ety 27(2) 13
ds /vol2

Kohler, M., R. Stotten, M. Steinbacher, G. Leitinger, E. Tasser,
U. Schirpke, U. Tappeiner, and M. Schermer. 2017. Participative
spatial scenario analysis for alpine ecosystems. Environmental
Management 60(4):679-692. https://doi.org/10.1007/s00267-017-0903-7

Kok, K., and H. van Delden. 2009. Combining two approaches
of integrated scenario development to combat desertification in
the Guadalentin watershed, Spain. Environment and Planning B:
Planning and Design 36(1):49-66. https://doi.org/10.1068/b32137

Lillesand, T. M., R. W. Kiefer, and J. W. Chipman. 2004. Remote
sensing and image interpretation. Fifth edition. John Wiley &
Sons, New York, New York, USA.

Malinga, R., L. J. Gordon, R. Lindborg, and G. Jewitt. 2013.
Using participatory scenario planning to identify ecosystem
services in changing landscapes. Ecology and Society 18(4):10.
https://doi.org/10.5751/ES-05494-180410

Mallampalli, V. R., G. Mavrommati, J. Thompson, M. Duveneck,
S. Meyer, A. Ligmann-Zielinska, C. G. Druschke, K. Hychka, M.
A. Kenney, K. Kok, and M. E. Borsuk. 2016. Methods for
translating narrative scenarios into quantitative assessments of
land use change. Environmental Modelling and Software 82:7-20.
https://doi.org/10.1016/j.envsoft.2016.04.011

Millennium Ecosystem Assessment. 2005. Ecosystems and
human well-being: multiscale assessments. Island, Washington,
D.C., USA.

Mittermeier, R., W. Turner, F. Larsen, T. Brooks, and C. Gascon.
2011. Global biodiversity conservation: the critical role of
hotspots. Pages 3-22 in F. Zachos and J. C. Habel, editors.
Biodiversity hotspots. Springer, Berlin, Germany. https:/doi.
org/10.1007/978-3-642-20992-5_1

Moat, J.,, J. Williams, S. Baena, T. Wilkinson, T. W. Gole, Z. K.
Challa, S. Demissew, and A. P. Davis. 2017. Resilience potential
of the Ethiopian coffee sector under climate change. Nature
Plants 3:17081. https://doi.org/10.1038/nplants.2017.81

Moreda, T. 2017. Large-scale land acquisitions, state authority
and indigenous local communities: insights from Ethiopia. Third
World Quarterly 38(3):698-716. https://doi.org/10.1080/0143659-
7.2016.1191941

Moreda, T. 2018. The right to food in the context of large-scale
land investment in Ethiopia. Third World Quarterly 39
(7):1326-1347. https://doi.org/10.1080/01436597.2018.1460199

NABU (Naturschutzbund Deutschland). 2017. NABU'’s
Biodiversity Assessment at the Kafa Biosphere Reserve. NABU,
Berlin, Germany.

Nieto-Romero, M., A. Milcu, J. Leventon, F. Mikulcak, and J.
Fischer. 2016. The role of scenarios in fostering collective action
for sustainable development: lessons from central Romania. Land
Use Policy 50:156-168. https://doi.org/10.1016/j.landusepol.2015.09.013

Oberlack, C., D. Sietz, E. Biirgi Bonanomi, A. De Bremond, J.
Dell'Angelo, K. Eisenack, E. C. Ellis, G. Epstein, M. Giger, A.
Heinimann, C. Kimmich, M. T. J. Kok, D. Manuel-Navarrete, P.
Messerli, P. Meyfroidt, T. Vaclavik, and S. Villamayor-Tomas.
2019. Archetype analysis in sustainability research: meanings,


https://doi.org/10.5751/ES-06915-190432
https://doi.org/10.5751/ES-06915-190432
https://www.fao.org/3/as001e/as001e.pdf
https://doi.org/10.1111/cobi.12079
https://doi.org/10.1111/cobi.12079
https://doi.org/10.2478/pbj-2013-0050
https://doi.org/10.1016/S1389-9341(01)00078-8
https://doi.org/10.1016/S1389-9341(01)00078-8
https://doi.org/10.9734/JAERI/2016/22841
https://doi.org/10.1186/s13717-017-0071-y
https://doi.org/10.1186/s13717-017-0071-y
https://doi.org/10.1111/j.1574-0862.2012.00594.x
https://doi.org/10.1111/j.1574-0862.2012.00594.x
https://doi.org/10.1111/conl.12429
https://doi.org/10.5751/ES-11681-250324
https://doi.org/10.1007/s00267-017-0903-7
https://doi.org/10.1068/b32137
https://doi.org/10.5751/ES-05494-180410
https://doi.org/10.1016/j.envsoft.2016.04.011
https://doi.org/10.1007/978-3-642-20992-5_1
https://doi.org/10.1007/978-3-642-20992-5_1
https://doi.org/10.1038/nplants.2017.81
https://doi.org/10.1080/01436597.2016.1191941
https://doi.org/10.1080/01436597.2016.1191941
https://doi.org/10.1080/01436597.2018.1460199
https://doi.org/10.1016/j.landusepol.2015.09.013
https://www.ecologyandsociety.org/vol27/iss2/art13/

motivations, and evidence-based policy making. Ecology and
Society 24(2):26. https://doi.org/10.5751/ES-10747-240226

Olofsson, P, G. M. Foody, M. Herold, S. V. Stehman, C. E.
Woodcock, and M. A. Wulder. 2014. Good practices for
estimating area and assessing accuracy of land change. Remote
Sensing of Environment 148:42-57. https://doi.org/10.1016/].

Ecology and 8001ety 27(2) 13
ds /vol2

beneficiaries in rural Ethiopia. Ecosystem Services 48:101263.
https://doi.org/10.1016/j.ecoser.2021.101263

Senbeta, F., and M. Denich. 2006. Effects of wild coffee
management on species diversity in the Afromontane rainforests
of Ethiopia. Forest Ecology and Management 232(1-3):68-74.
https://doi.org/10.1016/].foreco.2006.05.064

rse.2014.02.015

Oteros-Rozas, E., B. Martin-Lopez, T. M. Daw, E. L. Bohensky,
J.R. A. Butler, R. Hill, J. Martin-Ortega, A. Quinlan, F. Ravera,
1. Ruiz-Mallén, M. Thyresson, J. Mistry, I. Palomo, G. D.
Peterson, T. Plieninger, K. A. Waylen, D. M. Beach, I. C. Bohnet,
M. Hamann, J. Hanspach, K. Hubacek, S. Lavorel, and S. P.
Vilardy. 2015. Participatory scenario planning in place-based
social-ecological research: insights and experiences from 23 case
studies. Ecology and Society 20(4):32. https://doi.org/10.5751/
ES-07985-200432

Patil, M. B., C. G. Desai, and B. N. Umrikar. 2012. Image
classification tool for land use /land cover analysis: a comparative
study of maximum likelihood. International Journal of Geology,
Earth, and Environmental Sciences 2(3):189-196.

Peterson, G. D., G. S. Cumming, and S. R. Carpenter. 2003.
Scenario planning: a tool for conservation in an uncertain world.
Conservation Biology 17(2):358-366. https://doi.org/10.1046/
1.1523-1739.2003.01491.x

Powers, R. P, and W. Jetz. 2019. Global habitat loss and extinction
risk of terrestrial vertebrates under future land-use-change
scenarios. Nature Climate Change 9(4):323-329. https:/doi.
org/10.1038/s41558-019-0406-z

Quintas-Soriano, C., A. J. Castro, H. Castro, and M. Garcia-
Llorente. 2016. Impacts of land use change on ecosystem services
and implications for human well-being in Spanish drylands. Land
Use Policy 54:534-548. https://doi.org/10.1016/j.1andusepol.2016.03.011

Rahmato, D. 2014. The perils of development from above: land
deals in Ethiopia. African Identities 12(1):26-44. https:/doi.
org/10.1080/14725843.2014.886431

Rocha, J., K. Malmborg, L. Gordon, K. Brauman, and F.
Declerck. 2020. Mapping social-ecological systems archetypes.
Environmental Research Letters 15:034017. https://doi.
org/10.1088/1748-9326/ab666e

Sala, O.E.,FE.S. ChapinIII, J. J. Armesto, E. Berlow, J. Bloomfield,
R. Dirzo, E. Huber-Sanwald, L. F. Huenneke, R. B. Jackson, A.
Kinzig, R. Leemans, D. M. Lodge, H. A. Mooney, M. Oesterheld,
N. L. R. Poff, M. T. Sykes, B. H. Walker, M. Walker, and D. H.
Wall. 2000. Global biodiversity scenarios for the year 2100.
Science 287(5459):1770-1774. https://doi.org/10.1126/science.287.5459.1770

Schmidt, E., P. A. Dorosh, M. Kedir Jemal, and J. Smart. 2018.
Ethiopia’s spatial and structural transformation: Public policy
and drivers of change. International Food Policy Research
Institute, Washington, D.C., USA and Ethiopian Development
Research Institute, Addis Ababa, Ethiopia.

Schultner, J., I. Dorresteijn, A. O. Manlosa, H. von Wehrden, K.
Hylander, F. Senbeta, and J. Fischer. 2021. Ecosystem services
from forest and farmland: present and past access separates

Sharp, R., H. Tallis, T. Ricketts, A. Guerry, S. Wood, R. Chaplin-
Kramer, E. Nelson, D. Ennaanay, S. Wolny, N. Olwero, K.
Vigerstol, D. Pennington, G. Mendoza, J. Aukema, J. Foster, J.
Forrest, D. Cameron, K. Arkema, E. Lonsdorf, C. Kennedy, G
Verutes, C. Kim, G. Guannel, M. Papenfus, J. Toft, M. Marsik,
D. Denu, and J. Douglass. 2018. InVEST 3.6.0 User’s guide. The
Natural Capital Project, Stanford University, University of
Minnesota, The Nature Conservancy, and World Wildlife Fund.

Shoyama, K., and Y. Yamagata. 2014. Predicting land-use change
for biodiversity conservation and climate-change mitigation and
its effect on ecosystem services in a watershed in Japan. Ecosystem
Services 8:25-34. https://doi.org/10.1016/j.ecoser.2014.02.004

Shumi, G., I. Dorresteijn, J. Schultner, K. Hylander, F. Senbeta,
J. Hanspach, T. G. Ango, and J. Fischer. 2019a. Woody plant use
and management in relation to property rights: a social-ecological
case study from southwestern Ethiopia. Ecosystems and People
15(1):303-316. https://doi.org/10.1080/26395916.2019.1674382

Shumi, G., P. Rodrigues, J. Schultner, I. Dorresteijn, J. Hanspach,
K. Hylander, F. Senbeta, and J. Fischer. 2019b. Conservation
value of moist evergreen Afromontane forest sites with different
management and history in southwestern Ethiopia. Biological
Conservation 232:117-126. https://doi.org/10.1016/j.biocon.2019.02.008

Shumi, G., J. Schultner, I. Dorresteijn, P. Rodrigues, J. Hanspach,
K. Hylander, F. Senbeta, and J. Fischer. 2018. Land use legacy
effects on woody vegetation in agricultural landscapes of south-
western Ethiopia. Diversity and Distributions 24(8):1136-1148.
https://doi.org/10.1111/ddi.12754

Swetnam, R. D., B. Fisher, B. P. Mbilinyi, P. K. T. Munishi, S.
Willcock, T. Ricketts, S. Mwakalila, A. Balmford, N. D. Burgess,
A.R. Marshall, and S. L. Lewis. 2011. Mapping socio-economic
scenarios of land cover change: a GIS method to enable ecosystem
service modelling. Journal of Environmental Management 92
(3):563-574. https://doi.org/10.1016/j.jenvman.2010.09.007

Tadesse, G., E. Zavaleta, and C. Shennan. 2014. Coffee landscapes
as refugia for native woody biodiversity as forest loss continues
in southwest Ethiopia. Biological Conservation 169:384-391.
https://doi.org/10.1016/j.biocon.2013.11.034

Takahashi, R., and Y. Todo. 2017. Coffee certification and forest
quality: evidence from a wild coffee forest in Ethiopia. World
Development 92(25):158-166. https://doi.org/10.1016/].
worlddev.2016.12.001

Teketay, D. 1999. History, botany and ecological requirements of
coffee. Walia 20:28-50.

Teketay, D. 2000. Facts and experiences on eucalypts in Ethiopia
and elsewhere: ground for making wise and informed decision.
Walia 21:25-46.


https://doi.org/10.5751/ES-10747-240226
https://doi.org/10.1016/j.rse.2014.02.015
https://doi.org/10.1016/j.rse.2014.02.015
https://doi.org/10.5751/ES-07985-200432
https://doi.org/10.5751/ES-07985-200432
https://doi.org/10.1046/j.1523-1739.2003.01491.x
https://doi.org/10.1046/j.1523-1739.2003.01491.x
https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1016/j.landusepol.2016.03.011
https://doi.org/10.1080/14725843.2014.886431
https://doi.org/10.1080/14725843.2014.886431
https://doi.org/10.1088/1748-9326/ab666e
https://doi.org/10.1088/1748-9326/ab666e
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1016/j.ecoser.2021.101263
https://doi.org/10.1016/j.foreco.2006.05.064
https://doi.org/10.1016/j.ecoser.2014.02.004
https://doi.org/10.1080/26395916.2019.1674382
https://doi.org/10.1016/j.biocon.2019.02.008
https://doi.org/10.1111/ddi.12754
https://doi.org/10.1016/j.jenvman.2010.09.007
https://doi.org/10.1016/j.biocon.2013.11.034
https://doi.org/10.1016/j.worlddev.2016.12.001
https://doi.org/10.1016/j.worlddev.2016.12.001
https://www.ecologyandsociety.org/vol27/iss2/art13/

Urban, B., and C. Beswick. 2018. Gouritz Cluster Biosphere
Reserve: towards sustainability. The Case Centre, Wits Business
School, Johannesburg, South Africa. https://doi.
org/10.4135/9781526465412

Van Cuong, C., P. Dart, and M. Hockings. 2017. Biosphere
reserves: attributes for success. Journal of Environmental
Management 188:9-17. https://doi.org/10.1016/j.jenvman.2016.11.069

Verburg, P. H., N. Crossman, E. C. Ellis, A. Heinimann, P.
Hostert, O. Mertz, H. Nagendra, T. Sikor, K. H. Erb, N.
Golubiewski, R. Grau, M. Grove, S. Konaté, P. Meyfroidt, D. C.
Parker, R. R. Chowdhury, H. Shibata, A. Thomson, and L. Zhen.
2015. Land system science and sustainable development of the
earth system: a global land project perspective. Anthropocene
12:29-41. https://doi.org/10.1016/j.ancene.2015.09.004

Verburg, P. H., C. J. E. Schulp, N. Witte, and A. Veldkamp. 2006.
Downscaling of land use change scenarios to assess the dynamics
of European landscapes. Agriculture, Ecosystems and
Environment 114(1):39-56. https:/doi.org/10.1016/j.agee.2005.11.024

Wayessa, G. O. 2020. Impacts of land leases in Oromia, Ethiopia:
changes in access to livelihood resources for local people. Land
Use Policy 97:104713. https://doi.org/10.1016/j.landusepol.2020.104713

World Bank. 2015. Ethiopia urbanization review: urban
institutions for a middle-income Ethiopia. World Bank,
Washington, D.C., USA.

Wu, J. 2013. Landscape sustainability science: ecosystem services
and human well-being in changing landscapes. Landscape
Ecology 28(6):999-1023. https://doi.org/10.1007/s10980-013-9894-9

Zebisch, M., F. Wechsung, and H. Kenneweg. 2004. Landscape
response functions for biodiversity - assessing the impact of land-
use changes at the county level. Landscape and Urban Planning
67(1-4):157-172. https://doi.org/10.1016/S0169-2046(03)00036-7

Zegeye, H. 2010. Eucalyptus in Ethiopia: environmental and
socio-economic implications. Pages 184-205 in L. Gil, W. Tadesse,
E. Tolosana, and R. Lopez, editors. Eucalyptus species
management, history, status, and trends in Ethiopia. Ethiopian
Institute of Agricultural Research, Addis Ababa, Ethiopia.

Ecology and 8001ety 27(2) 13
ds /vol2



https://doi.org/10.4135/9781526465412
https://doi.org/10.4135/9781526465412
https://doi.org/10.1016/j.jenvman.2016.11.069
https://doi.org/10.1016/j.ancene.2015.09.004
https://doi.org/10.1016/j.agee.2005.11.024
https://doi.org/10.1016/j.landusepol.2020.104713
https://doi.org/10.1007/s10980-013-9894-9
https://doi.org/10.1016/S0169-2046(03)00036-7
https://www.ecologyandsociety.org/vol27/iss2/art13/

Appendix 1

Table Al.1 Rules for conversion of land uses/covers under Scenario I: Cash crops

Qualitative rules identified from the narrative
scenarios

Quantitative rules that detail the original land
use/cover to be converted

Farmers are encouraged to increase coffee
production on farmland — arable land

44% (27,500 ha) of flat, arable land at future
coffee-producing altitudes (1500-2300m) was
converted to coffee plantation.

Farmers are encouraged to increase coffee
production on farmland — (pasture) and new
coffee plantations may stabilize local climate

25% (7,000 ha) of flat, pasture at future coffee-
producing altitudes (1500-2300m) was converted
to coffee plantation.

Intensively managed khat plantations are
established on former farmland

21% (13,000 ha) of flat, arable land at below- and
above-future coffee altitudes (<1500m and
>2300m) was converted to khat plantation.

Intensively managed khat plantations are
established on former farmland

13% (3,600 ha) of flat, pasture at below- and
above-future coffee altitudes (<1500m and
>2300m) was converted to khat plantation.

Fast-growing trees (mainly monocultures of
eucalyptus plantations) primarily target degraded
areas or marginal land

85% (9,800ha) of steep, arable land was converted
to eucalyptus plantation.

Tree plantations are mostly monocultures of
eucalyptus, but also other fast-growing trees

85% (5,400 ha) of flat, pasture of medium
heterogeneity (5%-20%) and at above-future
coffee altitudes (>2300m) was converted to
eucalyptus plantation.

Tree plantations are mostly monocultures of
eucalyptus, but also other fast-growing trees

85% (2,800 ha) of steep, pasture was converted to
eucalyptus plantation.

To ensure that sufficient food is still grown (and
not only cash crops), the most fertile land should
be used for farming

Flat, arable land of low heterogeneity (< 5%) and
at high altitude (>2300m) remains the same as in
the baseline.

To ensure that sufficient food is still grown (and
not only cash crops), the most fertile land should
be used for farming

Flat, pasture with low heterogeneity (<5%) and at
above-coffee altitudes (>2300m) remains the
same as in the baseline.

To ensure that sufficient food is still grown (and
not only cash crops), the most fertile land should
be used for farming

Cultivated and grazed wetlands remain the same
as in the baseline.

Forest degradation slowed down because
farmland can provide important tree-related
ecosystem services

Farmland woody vegetation remains the same
except those affected by settlement expansion.




Table A1.2 Rules for conversion of land uses/covers under Scenario I1l: Mining green gold

Qualitative rules identified from the narrative
scenarios

Quantitative rules that detail the original land
use/cover to be converted

Large areas of smallholder arable land conducive for
coffee investment has been transferred to capital
investors for the expansion of largescale intensive
coffee plantations.

75% (47,400 ha) of flat, arable land at future
coffee producing altitudes (1500-2300m) was
converted to coffee plantation.

Large areas of farmland woody vegetation were
converted into intensively managed shade coffee
plantations, often using non-native shade tree
species.

60% (2,800 ha) of farmland woody vegetation in
flat areas at future coffee producing altitudes
(1500-2300m) was converted to coffee
plantation.

Large areas of natural forest conducive for coffee
investment has been transferred to capital investors
for the expansion of largescale intensive coffee
plantations.

50% (74,400 ha) of forest at future coffee
producing altitudes (1500-2300m) was
converted to coffee plantation.

Endemic trees and shrubs might be lost, including
wild coffee and traditional shade tree species

Forest remains in altitude ranges not suitable for
future coffee producing (<1500m, and >2300m).

Endemic trees and shrubs might be lost, including
wild coffee and traditional shade tree species

Farmland woody vegetation in steep areas and
on altitudes not suitable for coffee (<1500m, and
>2300m) remains as farmland woody vegetation.

The landscape is largely transformed to a coffee
production zone, with monocultures of high yielding
improved coffee cultivars.

45% (12,600 ha) of flat, pasture at future coffee
producing altitudes (1500-2300m) was
converted to coffee plantation.

Local farmers are left to farm marginalized areas
unsuitable for largescale coffee plantation such as on
steep hills

Flat, arable land but on low altitude (<1500m)
and very high altitude (>2300m) remain as
arable land as in the baseline.

Local farmers are left to farm marginalized areas
unsuitable for largescale coffee plantation such as on
steep hills

Flat, pasture but on low altitude (<1500m) and
very high altitude (>2300m) remain as pasture as
in the baseline.

As intensified coffee plantations have expanded into
farmland, very little land is left for crop production.

Steep, arable land remain arable land as in the
baseline.

As intensified coffee plantations have expanded into
farmland, very little land is left for crop production.

Steep, pasture remain as in the baseline.




Table A1.3 Rules for conversion of land uses/covers under Scenario 111: Biosphere reserve

Qualitative rules identified from the narrative
scenarios

Quantitative rules that detail the original land
use/cover to be converted

The landscape consists of a core zone of unused
natural forest, a buffer zone for low intensity
production of local coffee, wild honey and other
forest products.

Forests were maintained as in the baseline.

The landscape consists of an outer area to a core
and buffer zones of forests with a mosaic of
cropland, pastures, and tree plantations.

Flat and steep arable land with high woody
vegetation was maintained as in the baseline.

Livestock production and communal grazing are
maintained

Flat and steep pasture with high woody vegetation
was maintained as in the baseline.

People grow Fruits and vegetables in their home
gardens

1/3rd (33% or 24,670 ha) of flat, arable land with
low and medium heterogeneity was converted to
fruits and vegetables.

Diversified landscape: diversification involving
crops, forest products and ecotourism

1/3" (25% or 2,706 ha) of steep, arable land with
low and medium heterogeneity was converted to
fruits and vegetables.

Sustainable resource management and improved
soil and water conservation can revert
environmental degradation

1/3rd (33% or 1,800 ha) of steep, arable land with
low and medium woody vegetation remaining
from fruits and vegetables was converted to
farmland woody vegetation.

Forest cover and trees in farmland mitigate
negative aspects of climate change

1/3rd (33% or 11,200 ha) of flat, arable land with
low and medium woody vegetation remaining
from fruits and vegetables was converted to
farmland woody vegetation.

Farmland biodiversity recovered and high forest
biodiversity

1/3rd (33% or 7,600 ha) of pasture with low and
medium woody vegetation were converted to
farmland woody vegetation.




Table Al1.4 Rules for conversion of land uses/covers under Scenario IV: Food first

Qualitative rules identified from the narrative
scenarios

Quantitative rules that detail the original land
use/cover to be converted

Large scale land consolidation, including clearing of
woody vegetation and cropland expansion

Flat, arable land remain as in the baseline.

Farming has been mechanized as much as possible
with government owned tractors being available for
hire to work with the large stretches of cropland in
the flat areas

Farmland woody vegetation on flat areas (3,900
ha) was converted to arable land.

Modern agriculture almost completely replaced
traditional small scale farming

Flat, pasture (27,900 ha) was converted to
arable land.

Flat areas including drained wetlands are dominated
by large cereal fields

Grazed and cultivated wetlands were converted
to arable land.

Hills and steeper slopes used for intensified fruits
and vegetables, commercial bee keeping and beef
fattening

50% (5,600 ha) of steep, arable land was
converted to fruits and vegetables.

Hills and steeper slopes used for intensified fruits
and vegetables, commercial bee keeping and beef
fattening

50% (360 ha) of steep, farmland woody
vegetation was converted to fruits and
vegetables.

Hills and steeper slopes used for intensified fruits
and vegetables, commercial bee keeping and beef
fattening

50% (5,600 ha) of steep, arable land was
converted to pasture.

Hills and steeper slopes used for intensified fruits
and vegetables, commercial bee keeping and beef
fattening

50% (360 ha) of steep, farmland woody
vegetation was converted to pasture.

Hills and steeper slopes used for intensified fruits
and vegetables, commercial bee keeping and beef
fattening

Steep, pasture (around 3,290 ha) remain as in
the baseline.

Remaining patches of natural forest are put under
strict protection

50% (74,400 ha) of forest remain as forest
under strict protection.

Growing coffee is unviable in most parts of
southwestern Ethiopia

No coffee plantation, those available was
converted to arable land.




Table A1.5 Percentage of LULC changes by scenarios (in %).

Scenarios
Cash Mining the green Biosphere
LULC Crop Gold reserve Food First

Arable land -17.1 -17.0 -14.1 30.9
Coffee plantation 12.0 48.8 0.0 -0.3
Cultivated wetland -0.3 -0.1 -0.3 -4.9
Eucalyptus Plantation 6.3 0.0 0.0 0.0
Farmland woody

vegetation -0.2 -1.0 8.1 -1.7
Forest -0.1 -26.5 0.0 -17.7
Fruits and vegetables 0.0 0.0 8.6 2.1
Grazed wetland 0.0 0.0 0.0 -0.9
Khat 5.9 0.0 0.0 0.0
Pasture -6.9 -4.5 -2.6 -7.9
Settlement 0.1 0.1 0.1 0.1
Towns 0.6 0.6 0.6 0.6




Table A1.6 LULC changes by kebele groups for Cash crop scenarios (in %).

LULC Kebele groups
Pasture- Woody Accessible-
cropland Khat-Cropland vegetation wealthy
Arable land -33.9 -45.7 -16.7 -24.6
Coffee plantation 14.7 20.0 12.3 20.1
Cultivated wetland -0.5 -0.4 -0.2 -0.6
Eucalyptus Plantation 11.6 11.2 5.0 4.7
Farmland woody
vegetation -0.3 -0.4 -0.1 -0.2
Forest -0.1 -0.1 -0.1 -0.8
Fruits and vegetables 0.0 0.0 0.0 0.0
Grazed wetland 0.0 0.0 0.0 0.0
Khat 13.7 11.9 2.4 2.5
Pasture -5.5 3.1 -2.7 -3.8
Settlement 0.0 0.3 0.2 -0.6
Towns 0.3 0.0 0.0 3.3




Table A1.7 LULC changes by kebele groups for Mining green gold scenario (in %).

Kebele groups

Pasture- Woody Accessible-
LULC cropland Khat-Cropland | vegetation wealthy
Arable land -33.2 -22.0 -14.5 -23.4
Coffee plantation 50.6 40.6 60.8 72.1
Cultivated wetland -0.3 -0.2 -0.1 -0.5
Eucalyptus
Plantation 0.0 0.0 0.0 -0.2
Farmland woody
vegetation -2.1 -1.7 -0.7 -1.0
Forest -7.8 -12.2 -41.2 -41.4
Fruits and
vegetables 0.0 0.0 0.0 0.0
Grazed wetland 0.0 0.0 0.0 0.0
Khat 0.0 0.0 0.0 0.0
Pasture -7.5 -4.7 -4.4 -8.3
Settlement 0.0 0.3 0.2 -0.6
Towns 0.3 0.0 0.0 3.3




Table A1.8 LULC changes by kebele groups for Biosphere reserve scenario (in %).

Kebele groups

Pasture- Woody Accessible-

LULC cropland Khat-Cropland | vegetation wealthy

Arable land -19.8 -29.0 -10.7 -18.4
Coffee plantation 0.0 0.0 0.0 -0.1
Cultivated wetland -0.5 -0.4 -0.2 -0.6
Eucalyptus Plantation 0.0 0.0 0.0 -0.2
Farmland woody

vegetation 14.4 13.3 6.3 10.6
Forest 0.0 0.0 0.0 -0.6
Fruits and vegetables 11.9 20.2 5.8 8.4
Grazed wetland 0.0 0.0 0.0 0.0
Khat 0.0 0.0 0.0 0.0
Pasture -6.3 -4.3 -1.4 -2.0
Settlement 0.0 0.3 0.2 -0.5
Towns 0.3 0.0 0.0 3.3




Table A1.9 LULC changes by kebele groups for Food first scenario (in %).

Kebele groups

Pasture- Woody Accessible-

LULC cropland Khat-Cropland | vegetation wealthy

Arable land 39.8 32.3 32.3 43.5
Coffee plantation -0.2 -0.2 -0.5 -1.2
Cultivated wetland -5.9 -5.9 -4.2 -4.4
Eucalyptus Plantation -0.1 0.0 0.0 -0.2
Farmland woody

vegetation -3.8 -3.8 -0.9 -1.2
Forest -23.7 -18.5 -23.3 -32.6
Fruits and vegetables 3.2 4.0 1.8 1.7
Grazed wetland -1.1 -1.1 -0.2 0.0
Khat -0.1 0.0 0.0 0.0
Pasture -8.0 -7.0 -5.1 -8.3
Settlement -0.5 0.3 0.2 -0.6
Towns 0.4 0.0 0.0 3.3




Table A1.10 Narrative scenarios with key indicators.

Scenarios

Indicators/main

“A. Gain over

“B. Mining green

“C. Coffee and

“D. Food first”

crops grain” gold” conservation”

Food crops Remain in very Little food is Food crops are Food crops

(mainly maize, limited space such | produced on grown expanded over the

wheat, barely, as cultivated marginalized interspersed with | landscape mainly

teff, sorghum) wetlands areas pasture and tree by large-scale
plantations farming

Local cash crops | Farmers increase | Not widespread, Traditional coffee | Coffee is not

(mainly coffee,
khat, fast-growing

cash crops by
reducing food

limited to
unsuitable areas

remains in forest,
coffee plantations

grown, other cash
crops remain on

trees, mainly crops for large-scale are not favoured. | steep slopes and
eucalyptus) coffee plantation hills
Large-scale coffee | No large-scale Landscape mainly | No large-scale No coffee
plantations coffee plantations | consists of coffee plantations, | plantations due to
monocultured but traditional climate change
large-scale coffee | coffee remains in
plantation by natural forests
investors
Livestock Pasture for Pasture for Pastures for Remains on steep

production and
communal grazing

livestock remains
in very limited
areas such as

livestock remains
in very limited
areas such as

livestock and
communal grazing
are well

slopes

grazed wetlands grazed wetlands maintained

Woody vegetation | Mostly Woody vegetation | Woody vegetation | Woody vegetation
maintained, no conducive for is maintained; is cleared for
clearing of woody | coffee cultivation | landscape is cropland
vegetation is converted to diversified with expansion

plantations by
investors

mosaic of forest
and farmland
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