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ABSTRACT
The agricultural sector is a major contributor to greenhouse gas emissions (GHG) in
Ethiopia, as it is the basis of the economy and the primary source of employment.
This study investigated the implementation of mitigation and adaptation practices in
smallholder farms in Ethiopia, estimated GHG emissions associated with mitigation
practices, and identi�ed potential mitigation options and barriers and enabling
factors for implementation. Twenty-�ve smallholder farmers were selected by a local
development agency and interviewed in the �eld about their land use and land
management practices and the Mitigation Options Tool (MOT) was used to estimate
GHG emissions, to identify mitigation options and co-bene�ts, and as a platform for
promoting learning and knowledge exchange across di�erent types of stakeholders.
All farmers interviewed in the �eld acknowledged changes in the climate, but only
some were implementing adaptation practices to cope with such changes, namely,
crop rotations, planting new crop types, and the early sowing of crops. Fewer
mitigation practices were implemented, namely reduced tillage and application of
manure in cereal crops and potatoes. These practices were mainly implemented
because of their bene�ts for soil conservation (e.g. fertility, soil water holding
capacity, yield stabilization, erosion avoidance) rather than for mitigation (carbon
sequestration) purposes. Greenhouse gas emissions from the application of synthetic
fertilizer to crops, and from livestock production varied widely across farmers
depending on the amount of fertilizer applied and the number and type of livestock
raised. Tenancy rights and extension services were identi�ed as potential enablers of
the adoption of climate change mitigation and adaptation practices by smallholder
farmers in Ethiopia, and competing uses for straw was a potential barrier for the
incorporation of residues in the soil. Barriers and enabling factors should be assessed
thoroughly through further engagement with farmers as well as data on the amount
of organic matter added to the soil, as these practices have co-bene�ts in terms of
soil conservation, which are especially relevant for climate change adaptation in
semi-dry climates. The MOT could be used in the future as a facilitator for
knowledge exchange between researchers and practitioners in Ethiopia, and in other
developing countries where data availability is low, to support the identi�cation of
e�ective climate change mitigation and adaptation actions.
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Key policy insights:
. Climate change mitigation practices in agriculture can provide co-bene�ts for

adaptation and food security, including the stabilization of crop yields, especially
in semi-dry climates; more evidence about these co-bene�ts is needed.

. The systematic collection of data on manure and crop residues should be supported
as a priority as well as the identi�cation of implementation barriers for mitigation
and adaptation practices.

. Smallholder farmers need to be engaged throughout any assessment of climate
change mitigation potential to raise awareness, identify co-bene�ts of possible
actions, and to identify and address barriers for implementation.

. Tenancy rights and extension services are potential enabling factors for the
adoption of climate change mitigation and adaptation measures by smallholder
farmers in Ethiopia.

. In developing countries, user-friendly tools such as the MOT can promote learning
and knowledge exchange across diverse stakeholder groups about the impact of
land use and management options on climate change mitigation and adaptation.

1. Introduction

Human-induced climate change is already a�ecting regions across the globe with observed extreme weather
events including heatwaves, heavy precipitation, droughts, and tropical cyclones (IPCC, 2021). This is already
contributing to rapid, broad-scale ecosystem changes (Dasgupta, 2021). Global warming of 1.5°C and 2°C
are projected to be exceeded during the twenty-�rst century unless drastic reductions in carbon dioxide
(CO2) and other greenhouse gas (GHG) emissions occur in the coming decades. Many African countries,
despite having contributed little to climate change and having low GHG emissions, face exponential collateral
damage that poses systemic risks to their economies, to their infrastructure investments, and to their water and
food systems, public health, agriculture, and livelihoods (African Development Bank, 2021; Burke et al., 2018).
Agriculture, which greatly contributes to the gross domestic product (GDP) of many African nations and pro-
vides a major source of employment, is highly sensitive to temperature and precipitation variations (African
Development Bank, 2019). In East Africa, climate change is projected to increase median temperature by
1.4–5.5°C and median precipitation by �2–20% by the end of the twenty-�rst century (Adhikari et al., 2015),
causing an overall decrease in yields of staple crops (Challinor et al., 2014) through the shortening of the
growing season length, the ampli�cation of water stress and the increased incidence of pest and disease out-
breaks (Niang et al., 2014). Climate change is becoming the most threatening phenomenon that a�ects the live-
lihoods of subsistence farmers (Ali, 2021). Ethiopia, located in East Africa, is one of the world’s most drought-
prone countries and faces numerous development challenges that exacerbate its vulnerability to climate
change (African Development Bank, 2019; USAID, 2016). These challenges include low level of economic devel-
opment, heavy dependence on rain fed agriculture and high population growth (Conway & Schipper, 2011;
Eshetu, 2014). The major adverse impacts of climate change in Ethiopia include food insecurity (from droughts
and �oods), disease outbreaks (namely malaria, dengue fever, water borne diseases (e.g. cholera, dysentery)
related to �oods, and respiratory diseases related to droughts), land degradation due to heavy rainfall, and
damage to communication, roads and other infrastructure by �oods (Gezie, 2019). Agriculture is the basis of
Ethiopia’s economy and the primary source of employment for its population (Deressa et al., 2009). Ethiopian
agriculture contributes to about 44% of the country’s GDP, about 70% of the export earnings, and approxi-
mately 80% of all employment (FAO, 2014; Zerihun et al., 2016). Irrigation use in Ethiopia is extremely low,
with an estimated 97% of food crops grown in rain fed agriculture (Bachewe et al., 2015). Most projections
of future climate in Ethiopia agree that the frequency of hot days and nights will substantially increase, and
about 15–29% of days will be considered hot by 2060 (USAID, 2016). It is anticipated that climate change
will mostly impact smallholder farmers across the world due to their low adaptive capacity (Harvey et al.,
2014). On the other hand, agriculture, and more speci�cally livestock-related activities, is also a major contribu-
tor of GHG emissions in the country (Berhanu et al., 2019). Data from the United Nations Food and Agriculture
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Organization (UN FAO) show that agricultural emissions have been steadily increasing in Ethiopia from about 53
million tonnes of carbon dioxide equivalent (MtCO2eq) in 1993, to around 117 MtCO2eq in 2019 (FAOSTAT,
2021) (Figure 1).

After COP21 in 2015, the Nationally Determined Contributions (NDCs) to the Paris Agreement (the legally
binding international treaty on climate change), have become the main instrument for guiding policy
responses to climate change in the African continent (World Meteorological Organization, 2020). The Govern-
ment of Ethiopia, one of the 196 country signatories of the Paris Agreement, submitted its NDC in 2020, stating
that the country plans to reduce the economy-wide GHG emissions by 220.59 MtCO2eq by 2030 (�53.5% of the
country’s total GHG emissions in relation to the 2010 Business-as-Usual (BAU) scenario) (Government of Ethio-
pia, 2020; Redda, 2015). These plans include emission reduction targets and mitigation options for all sectors of
the economy and are linked to the 2011 Climate-Resilient Green Economy (CRGE) Strategy, which aims at
keeping GHG emissions low, and building climate resilience, while achieving middle-income status by 2025
(Teklewold et al., 2018). Speci�c objectives include reducing agricultural emissions, protecting and expanding
forests, expanding renewable electricity generation, and adopting energy e�cient technologies in transport,
industry and the built environment (Climate Action Tracker, 2019). A new CRGE is being prepared for the
period 2021–2030, which updates the �rst NDC submitted in 2017, and presents the methodology used to
identify and prioritize mitigation and adaptation contributions, as well as the resources required for the
implementation of the enhanced NDC (Government of Ethiopia, 2020). The Government of Ethiopia has also
since submitted an NDC update (Government of Ethiopia, 2021). It was submitted in July 2021. Despite
being at the frontline of climate policy for low-income countries, the reach of the Ethiopian state to implement
programmes in the rural sector remains limited (Paul & Weinthal, 2019).

The UNFCCC recognizes that ‘not all developing countries have su�cient capacities to deal with many of the
challenges brought by climate change’ (UNFCCC, 2021). Therefore, the Paris Agreement emphasizes the need
for climate-related capacity-building for developing countries and appeals to all developed countries to
increase their support for actions in developing countries (UNFCCC, 2021). One way to undertake capacity-
building in developing countries is through the use of practical tools that can support interested stakeholders
to better understand the problem and identify actions to solve the problem. To identify climate change mitiga-
tion actions and practices in the land use sector (agriculture, forestry and other land uses), numerous carbon
emission accounting tools have been developed, including the Mitigation Options Tool (MOT).1 The MOT
can conduct context-speci�c analysis needed to make evidence-based decisions on the prioritization of

Figure 1. Greenhouse gas emissions from agriculture in Ethiopia in MtCO2eq. (Source: FAOSTAT, 2021).
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climate-smart practices, with the objective of reducing GHG emissions. Carbon emission accounting tools can
also be used as an interface between science, policy and practice (Whittaker et al., 2013), as they are useful to
communicate the scale and severity of the climate change challenge; they can, therefore, contribute to the
planning and design of national, regional and local level actions that will help countries to accomplish their
NDCs (Denef et al., 2012; Krueger et al., 2012; Peters et al., 2017).

In fact, behaviour change literature has identi�ed a need for more inclusive and engaging media to better
communicate climate change science (Lorenzoni et al., 2007; Moser & Dilling, 2007). There is also a growing
requirement for tool developers to engage with potential users and experts to improve the quality, acceptance
and integration of the tools in di�erent country settings (Hare, 2011) as these can facilitate collaborative learn-
ing about climate change mitigation (Basco-Carrera et al., 2017; Hare, 2011). Continuous use and testing of
carbon emission accounting tools by stakeholders can be helpful to track how much people learn, while
also supporting tool development. In addition, stakeholders can share their concerns and perspectives with
tool developers and jointly improve their problem-solving skills (Krueger et al., 2012). This study contributes
to the wider literature on the accounting of GHG emissions and carbon sequestration, and on the identi�cation
of climate change mitigation options with co-bene�ts for adaptation and food security (e.g. increased/stabil-
ized yields) in small-scale agriculture. At the same time, it explores the ability of the MOT to work as an interface
between researchers, stakeholders and farmers for the promotion of e�ective learning and knowledge
exchange about the contribution of land management to climate change. Further, Altieri and Nicholls (2017)
show that the climate change mitigation research community clearly needs to engage with small farmers
regarding agriculture mitigation and adaptation potential, in order to jointly plan and design enabling con-
ditions that can support the resilience of traditional agriculture and ensure food security. This could impact
on the measurement and development of actions that reduce emission reductions and, thus, contribute to
the achievement of countries’ NDCs. This study aims to understand the management practices in smallholder
farms in Ethiopia, the GHG emissions associated with these practices, and the adoption of mitigation and adap-
tation options in smallholder farms. The study also aims to test the ability of the MOT to facilitate stakeholder
learning about land management and its implications for climate change mitigation and adaptation.

2. Methods and materials

2.1 The Mitigation Options Tool (MOT)

The MOT was used in Ethiopia to undertake rapid assessments of the contribution of land and livestock man-
agement practices to GHG emissions and carbon sequestration, and to serve as an interface between research
and practice for improved knowledge exchange and learning. The MOT was developed to support farmers,
policy advisors and agricultural extension services in choosing management practices that reduce GHG emis-
sions without risking crop yields (Feliciano et al., 2017). It is an Excel-based tool, freely available online2, that
encompasses several empirical models to estimate GHG emissions in rice, cropland and livestock systems,
and agroforestry, and it provides information about the most e�ective mitigation options. GHG emissions
are estimated in terms of kilograms of carbon dioxide equivalent per hectare (kg CO2eq ha�1) and kilograms
of carbon dioxide equivalent per unit of product (kg CO2eq kg�1). Baseline management practices are
chosen by the user and a set of mitigation options are ranked according to their mitigation potential. The
MOT allows di�erent levels of input to be speci�ed from a preliminary to a more comprehensive level, depend-
ing on the objectives of the users, who might have di�erent backgrounds, and on the availability of input data.
The MOT undertakes farm-level speci�c assessments of GHGs and mitigation potentials to be made without the
need for expert knowledge or for lengthy model set-up and calibration. The methods used to estimate GHG
emissions from the application of synthetic fertilizer, from animal enteric fermentation, manure management
and animal feed, as well as mitigation options and potential, especially for the incorporation of manure in agri-
cultural soils, are described in Feliciano et al. (2017). The MOT does not include information about barriers that
farmers face to implement mitigation options. These barriers can be farm-level barriers (for example, land
tenure, access to infrastructure and complementary inputs (such as irrigation) or farmers’ education level),

430 D. FELICIANO ET AL.



national level barriers (such as governmental taxes and incentives), or global barriers (such as the commodity
markets or climate change).

2.2. Study site

Data were collected in two di�erent locations (5 km apart) in the Tula catchment region located in the Doyo-
gena district, Kembata Tembaro Zone, Southern Nations, Nationalities, and Peoples’ Region of Ethiopia (SNNPR)
(Figure 2). Geographically, it is positioned between 7° 16� 48�� to 7° 19� 1�� North-latitude and 37° 45� 36�� to
37° 47� 2�� East-longitude. The altitude of the region varies from 2620 to 2740 m above sea level, with the
mean annual minimum and maximum temperature of 12.6°C and 20°C, respectively, and mean annual rainfall
between 1000 and 1400 mm. The climate is tepid sub-humid mid-highland. According to the FAO soil classi�-
cation, the watershed soils are Chromic Luvisols. These soils have high clay content in the sub-soil and are sus-
ceptible to erosion on steep slopes. The agriculture sector plays a central role in the community’s livelihoods.
The major farming system of the area is mixed enset or false banana (Ensete ventricosum) with cereals and live-
stock production. The major cereal crops include wheat, barley, potato, beans, and peas. Livestock production
includes cattle, sheep and poultry. There are 345 households in the Tula watershed and most people are sub-
sistence farmers with an average land size of 0.5 hectares. The main source of income is the marketing of wheat,
pulses, potatoes, livestock and livestock products, and rural and urban o�-farm labour. According to the local
wealth ranking in this region, 21% of the households are rich, 50% are medium income and 29% are poor.

2.3. Field data collection

A questionnaire was designed to collect relevant �eld data from farmers on farm management practices and
perceptions of climate change (Appendix 1, Supplementary Material). This data served as input to the MOT
for estimation of GHG emissions and for the identi�cation of mitigation options. The questionnaire included
�ve groups of questions about: (1) the �eld site, (2) crops, (3) agroforestry and livestock management prac-
tices, (4) the socio-economic characteristics of the farmers (e.g. age, education level, o�-farm activities), and
(5) farmer’s perceptions of climate change and practices already being implemented to adapt to climate
change.

Twenty-�ve farmers (20 male and 5 female) aged between 25 and 70 years old were engaged in the study.
Thirteen farmers had no formal education, and 12 farmers were educated from the 2nd to the 10th grade.
Farmers were recruited by the non-governmental French organization Inter Aide3, which has an o�ce and tech-
nicians in the Tula catchment. Each individual interaction lasted about 35 minutes and �eldwork lasted one day

Figure 2. Study region where data was collected.
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in total. Two �eldwork teams of six people each (PhD and MSc students and lecturers), together with dedicated
translators, asked the questions to the farmers individually at the two �eld locations. Before the start of each
interaction, farmers were informed about the aims of the study and their consent to participate in the study
was sought. After acceptance, farmers were informed that their names would not be associated with responses
to the interview questions and that they could withdraw anytime they wanted.

2.4. GHG emissions estimation and mitigation option identi�cation

Thirty-six stakeholders, selected by the International Livestock Research Institute (ILRI), attended a workshop
organized by the research team in Addis Ababa to estimate GHG emissions from agricultural activities (more
speci�cally, GHG emissions from synthetic fertilizer application in wheat, barley and potato production, and
GHG emissions from livestock production) and to identify potential mitigation options. Stakeholders included
university students, researchers from national universities and from the Ethiopian Institute of Agricultural
Research (EIAR), practitioners from non-governmental organizations (NGOs), and civil servants working at
the Environment, Forest and Climate Change Commission (EFCCC) and the Ethiopian Ministry of Agriculture
(MoA). Figure 3 shows the number of participants per stakeholder type represented at the workshop. In
order to promote stakeholder learning, the workshop structure followed the learning strategy approach
suggested by Harris (2014), namely to ‘re�ect’, ‘select’ and ‘rewrite’ the information. The workshop was facili-
tated by two interdisciplinary researchers who are specialists in participatory action research. This approach fol-
lowed Haider et al. (2018), who indicate that skills in facilitation, namely participatory approaches and the ability
to see ‘the big picture’, are valuable skills in sustainability science.

The workshop was structured in four parts. First, the research team presented the concepts of climate
change and climate smart agriculture, and introduced the MOT, in plenary. Second, groups of 5–6 stake-
holders used the MOT to estimate GHG emissions from synthetic fertilizer application to wheat, barley
and potatoes, and from livestock production with the data collected in the �eld; the MOT was also used
to identify options for GHG emissions reduction and carbon sequestration, i.e. climate change mitigation
options. As these mitigation options were not presented back to farmers to ask if they would be willing
to implement them, stakeholders at the workshop were encouraged to discuss possible barriers to

Figure 3. Workshop participants per stakeholder type (N = 36).
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implementing the mitigation options. Third, stakeholders presented the results of the practical exercises and
group discussion in the plenary. Fourth, they discussed the improvements needed in the MOT and the e�ec-
tiveness of the MOT to provide useful information on climate change mitigation in agriculture. At the end of
the workshop, stakeholders were asked to answer a questionnaire (Appendix 2, Supplementary Material) in
order to individually evaluate the ability of the MOT to generate relevant knowledge for climate change
planning purposes.

3. Results

3.1. Farmer’s perceptions of climate change and adaptation practices

All farmers in the study (n = 25) mentioned they have noticed changes in weather patterns. They speci�cally
mentioned decreased rainfall, increased temperature, decreased cloudiness and increased sunshine hours.
They also mentioned increased weather unpredictability and changing patterns. Some farmers also identi�ed
impacts of climate change, such as lack of water and disappearance of water springs, increased crop diseases
(including insect-related diseases), decreased crop yields, and delays in the start of the crop season. Nine
farmers considered that warmer and sunnier days, rather than colder and cloudier days, were positive
changes. One farmer further considered that the rainfall amount in the previous cropping season was
optimum for crop production and that climate change was creating better growing and living conditions for
crops and humans, respectively.

Eighteen farmers mentioned they were implementing agricultural practices to adapt to changes in
climate. Practices included crop rotations, the planting of new crop types (e.g. Irish potatoes, change
from barley to wheat), early sowing of crops, adoption of improved wheat varieties, introduction of terraces,
increase area of enset plots (or increase number of trees), boundary planting, introduction of desho grass
(Pennisetum pedicellatum) strips as cover crops, chemical use for crop diseases and increase fertilizer appli-
cation to improve crop yield. They also mentioned changes in livestock management, such as adoption of
local breeds and reduction of livestock numbers to manageable herd sizes. Other practices include under-
taking o�-farm activities, i.e. livelihood diversi�cation, storing products in the good years to compensate
for the bad years, and seeking information and advice from government agricultural o�cers and develop-
ment agents. Seven farmers stated they are not implementing any practices to adapt to changing climate
and weather conditions, apart from praying to God.

3.2. Estimation of GHG emissions from crop and livestock production and identi�cation of
mitigation options using the MOT

3.2.1. Input data for the MOT
Information collected in the �eld included data on land management practices, for example, the application of
synthetic and organic fertilizer application or crop residues, on the di�erent crops produced, namely wheat,
barley and potato. Information also included livestock numbers and type (e.g. cow, donkey and ox), livestock man-
agement practices, and agroforestry types and management practices. Only some farmers, however, provided the
amount of manure and compost applied to soils; therefore, GHG emissions and soil carbon sequestration due to
this practice could not be quanti�ed comprehensively. In opposition, the amount of synthetic fertilizer per type of
crop was provided by the farmers and its contribution to GHG emissions was estimated. Table 1 shows a summary
of the information collected in the �eld. This information was used as input data for the MOT to estimate GHG
emissions from crop and livestock production during one workshop with stakeholders (Section 2.4). Therefore,
the e�ects of land management practices applied by the smallholder farmers in the �eld were estimated using
the MOT. A more comprehensive database of the information collected is provided as Supplementary Material.

3.2.2. GHG emissions from synthetic fertilizer application and livestock production
Figure 4 show the distribution of GHG emissions per hectare across the 25 farmers visited. In wheat, GHG emis-
sions from synthetic fertilizer varied from 0.53 and 2.6 t CO2eq ha�1, in barley from 0.3 to 3.6 t CO2eq ha�1 and in
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Table 1. Summary of �eld data collected on climate, land use, land use and land cover change, management practices applied in cropland,
livestock and agroforestry, and farm products.
Question topics Results
Climate in the study region Dega5 – Dega’s traditional climate zone has an average temperature of about 16 °C and an annual

rainfall between 1200 and 2200 mm, with elevation between 2300 and 3200 m (Adego et al.,
2018).

Land use Average area per farm: 0.25 ha (1 timad).
Mixed farming with cropland and grassland, trees sparsely distributed across the landscape (Red
hot poker tree (Erythrina abyssinica); African redwood (Hagenea abyssinica); Hagenia (Hagenia
abyssinica); African junipers (Juniperous procera) around the crop �elds; Erythrina brucei for
fencing).

Agroforestry Enset trees (Ensete ventricosum) and vegetables such as cabbage, beans, fava beans and peas.
Average area of around 0.25 ha (1 timad) per farmer.
Main products: food, forage and �bres.

Land use and land cover change Initially from natural forest or grassland to cropland.
More recent conversions, from degraded land to a�orested land, often with non-native trees such
as eucalyptus (Eucalyptus globulus) and cedars (Cupressus lustanica), or
from natural forest, bushland, grassland, shrubs, deforested land and degraded croplands to
agroforestry systems.

Management practices in cropland and
agroforestry

Ox ploughing with a frequency varying from two to six times per year – it was assumed reduced
tillage.
Crop rotations with cereals and potatoes.
Application (in kg ha�1) of synthetic fertilizer (urea and di-ammonium phosphate) in cereal crops
(wheat and barley) and potatoes – provided in the Database – Supplementary Material.
Qualitative information on the application of organic fertilizer to wheat (52% of farmers apply),
barley (44% of the farmers apply) and potatoes (40% of the farmers apply).
Farmers mentioned some straw is left in the soil and ploughed (amount per farmer unknown).

Livestock numbers and types Livestock numbers (details provided in Database – Supplementary Material):
Mainly cattle and sheep, which are local and/or improved (hybrid) breeds;
Also chicken and a limited number of oxen and donkeys for farm work.

Livestock management practices Mixed farming system.
Feed consists mainly of desho grass (Pennisetum pedicellatum), cereal residues, and leaves,
branches, stem and bark from enset residues.

Farm products Meat, eggs, butter, grains and tubers for own consumption and to sell in local markets.
Enset to sell in the local markets.
Yield ranges: Wheat [500–4000] kg ha�1; Barley [300–4000] kg ha�1; Potato [1000–35,000] kg
ha�1.

Other comments One farmer mentioned that straw from wheat is used for animal feed and house construction.
One farmer mentioned that leaves from enset (Ensete ventricosum) are used for animal feed.

Figure 4. Greenhouse gas emissions per hectare from synthetic fertilizer application in wheat, barley and potato in t CO2eq ha�1 (N = 25).
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potatoes from 0.55 to 8.3 t CO2eq ha�1. GHG emissions from the application of synthetic fertilizer application in
potatoes were higher than for barley and wheat (Figure 4).

GHG emissions sources from livestock production include animal enteric fermentation, manure manage-
ment, and production of livestock feed. The animals considered were cows, oxen and sheep, which were
the main types of livestock raised by the farmers visited in mixed farming systems. Estimated GHG
emissions from livestock ranged between 1.5 and 7.8 t CO2eq across the 25 farmers visited. As the average
area managed by each farmer was 0.25 ha, this corresponds to between 6.1 and 31.4 t CO2eq ha�1 (Figure 5).

3.2.3. Identi�cation of mitigation options and mitigation potential using the MOT
The MOT was used by the workshop participants to identify mitigation options for the 25 farmers. The
example of Farmer 1 is described: Farmer 1, for example, reported a yield of 1600 kg ha�1 for wheat and
crop management practices such as reduced tillage, no cover crops, no manure addition, compost and
crop residues not incorporated in the soil, application of 400 kg ha�1 of urea fertilizer and of 400 kg
ha�1 of di-ammonium phosphate, both without nitrogen inhibitors. By inserting these inputs in the MOT,
it identi�ed mitigation options that could be independently implemented by farmer 1, namely optimum
timing of nitrogen (N) with the best technology, optimum nitrogen (N) application, planting cover crops,
implementation of no-tillage, addition of manure to the soil, compost application to the soil, addition of
straw in the soil or returning at least 50% of crop residues to the soil, application of fertilizer with nitrogen
inhibitor and application of polymer-coated fertilizer. Figure 6 shows a screenshot taken from the online
MOT with the mitigation options ranked from the highest mitigation potential to the lowest mitigation
potential for the speci�c case of farmer 1.

The total mitigation potential of the measure ‘addition of manure’ in wheat across the 25 farmers in this
study could be obtained by multiplying the mitigation potential of manure addition provided by the MOT
(Figure 6) by the number of farmers who do not add manure to the soil (Table 2).

In terms of barriers to the implementation of mitigation options, only one was identi�ed by farmers who
mentioned that wheat straw and enset leaves were used for animal feed, and therefore the measure ‘straw
addition/residue return (50%)’ was not feasible.

3.3. Stakeholders’ assessment of the MOT

During the workshop, stakeholders were invited to re�ect on the ability of the MOT to promote e�ective learn-
ing. Stakeholder quotes during the group presentations to the audience revealed that ‘Participants quickly

Figure 5. Greenhouse gas emissions from livestock production (enteric fermentation, manure management and feed) in tCO2eq ha�1 (N = 25
farmers).
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understood the [Mitigation Options] tool and were capable of using it all the way from independent data entry
to analysis and interpretation’ and ‘The Mitigation Options Tool is an easy way to learn about GHG emissions
and carbon sequestration in agroecosystems’. Stakeholders’ answers to the questionnaire also provided an
assessment of the MOT. These are presented in Appendix 3 (Supplementary Material – Appendices) together
with their views on the usefulness of the MOT. Many stakeholders indicated they would use the MOT in the
future for research projects, PhD research, scienti�c articles, teaching lectures at university, training purposes,
to provide technical advice and consultancy, and for reporting on the NDC. Nevertheless, stakeholders
suggested developments in the MOT with the objective to improve the performance and usefulness of the
MOT in Ethiopia and for countries with low-data availability. They suggested to contextualize the MOT to
the Ethiopian context by integrating speci�c crops such as te� (Eragrostis tef) and enset (Ensete ventricosum),
and the GHG emission factors related to enset processing and fermentation or the inclusion of oxen ploughing
as a soil tillage option. They also suggested to increase visibility of practices that sequester carbon, to include
soil and water conservation practices or to include cost–bene�t analysis for climate mitigation options. A more
comprehensive list of improvement suggestions is provided in Appendix 4 (Supplementary Material – Appen-
dices). Stakeholders mentioned their willingness to collaborate and suggested the implementation of large-
scale national level projects for data collection and database creation, and for further development of the
MOT to the Ethiopian context.

4. Discussion

4.1. Smallholder farmers’ perceptions of climate change impacts in Ethiopia

In this study, farmers mentioned they were noticing changes in the weather and were adapting to those
changes. Perceived weather changes included less rainfall, higher temperatures, less cloudy weather, increased
sunshine hours, less water in streams and boreholes, increased crop diseases and insect-related human dis-
eases, decreased crop yields, and delays in the start of the crop season. These perceptions coincide
with farmers’ perceptions in Ethiopia as reported by Paul and Weinthal (2019) and Hameso (2018).

Figure 6. Screenshot of the MOT presenting a suggested list of mitigation options and mitigation potential (in kg CO2eq ha�1 yr�1) for farmer 1.

Table 2. Total mitigation potential of manure application in wheat production across the 25 farmers.

Crop
Total number of farmers

who produce wheat
Number of farmers who do not
apply animal manure in the soil

Mitigation potential of manure
application (kgCO2eq ha�1 yr�1)

Total mitigation potential
(kgCO2eq ha�1yr�1)

Wheat 25 17 �0.8008 �13.6
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Increasing temperature and decreasing rainfall trends were also perceived by farmers in the goat based agro-
pastoral livelihood zone in Ethiopia (Mihiretu et al., 2021). Th perception amongst smallholder farmers of
changes in temperature and rainfall in recent years has also been documented elsewhere in Africa, notably
in West Africa (Ali, 2021).

4.2. The contribution of crop and livestock production to GHG emissions

Stakeholders at the workshop estimated the e�ects of speci�c land and livestock management practices on
GHG emissions using the MOT. GHG emissions from synthetic fertilizer application varied between 0.5 and
2.6 t CO2eq ha�1 in wheat, 0.3 and 3.6 t CO2eq ha�1 in barley and 0.5 and 8.3 t CO2eq ha�1 in potatoes.
As a point of comparison, in South Africa, where farm inputs are expected to be higher, GHG emissions due
to the application of synthetic fertilizer and crop residues in wheat and barley production were estimated
with the Agriculture and Land Use National Greenhouse Gas Inventory (ALU) Software4; they amounted
1.99 t CO2eq ha�1 and 0.41 t CO2eq ha�1 for wheat and barley, respectively (Tongwane et al., 2016). Esti-
mates from the ALU Software are thus within the ranges provided by the MOT (however the ALU
Software requires a higher level of detail than the MOT and was thus not used in Ethiopia) (MacSween
& Feliciano, 2018).

GHG emissions from livestock production estimated by stakeholders at the workshop with the MOT
varied between 1.5 and 7.9 t CO2eq per farmer or between 6.1 and 31.4 t CO2eq ha�1 (the average area
per farmer in Ethiopia is 0.25 ha), re�ecting the di�erent number of animals kept per farmer. Such a
wide range also re�ects the diversity of values across the farmers surveyed. Balehegn et al. (2020)
reveals that in most small-scale production systems in Africa, animals are fed with whatever is available
to �ll their rumen, without due consideration to the feed quality and animal requirement. In Ethiopia,
Berhe et al. (2020) found a higher share of GHG emissions from urban livestock production systems
when compared to mixed crop/livestock and pastoral production systems in Ethiopia. The di�erences
were due to the use of fossil fuels for feed production and processing, the use of grain as feed, the use
of fertilization for feed production, and transportation of inputs in the urban production system. With
African livestock already a signi�cant contributor to GHG emissions and with numbers expected to increase
in the future, GHG emissions as well as other negative environmental impacts of livestock will increase
(Balehegn et al., 2021). Therefore, monitoring of livestock GHG emissions coupled with the identi�cation
of feasible mitigation and adaptation measures is essential. The MOT can support policy-makers and prac-
titioners in this process.

4.3. Implementation of adaptation practices

In this study, most farmers mentioned they were changing practices to adapt to climate change; only few
farmers stated they were not adapting to climate change. In the area visited, adaptation strategies included
adoption of local livestock breeds, reduction of livestock numbers, increase in fertilizer application, planting
barley instead of wheat, the early sowing of crops, boundary planting, introduction of desho grass strips, intro-
duction of new crop types, introduction of terraces, and livelihood diversi�cation. Bryan et al. (2009) , however,
reported that a large percentage of farmers surveyed in Ethiopia (�60%) did not adjust their farming practices,
despite having perceived changes in temperature and rainfall. More recently, Paul and Weinthal (2019) reported
that about 40% of their surveyed households in Ethiopia knew how to adapt to temperature and precipitation
change while around 68% only had ‘some’ or ‘no ability’ to respond to future climate change. The use of resist-
ance and high yielding varieties, crops and livestock integration, soil and water conservation practice, the use of
organic fertilizer, and adjustment of sowing time are the most adopted farming practices. These �ndings are
consistent with Gezie (2019), who also found that Ethiopian farmers adopt many strategies in response to
climate change, including the use of improved crop varieties, agroforestry practices, crop diversi�cation, soil
conservation practices, tree planting, o�-farm activities, irrigation practices, adjusting planting dates, selling
of assets, request of food aid, and permanent and temporary migration in search of employment. Farmers in
the goat based agro-pastoral livelihood zone in Ethiopia who have perceived weather changes have
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implemented adaptation measures related to livestock, crop and non-agriculture strategies to ensure their live-
lihoods will endure climate change (Mihiretu et al., 2021).

Tenure security of the farmers visited in this study might explain the wider adoption of sustainable agricul-
tural practices such as adaptation and mitigation. Teklewold et al. (2018) found that in the Nile Basin in Ethiopia,
the number of adaptation practices adopted was higher on owner-cultivated plots than on rented plots. Tarfasa
et al. (2017) also found that secured land tenancy rights play a critical role in Ethiopian landholder’s decision to
invest in soil management technologies.

Most farmers also mentioned that they seek advice from government o�cers and international develop-
ment agents, which reveals the existence of a network of agricultural extension services covering the territory
visited. The availability of extension services in the area might be an enabling factor for the adoption of adap-
tation practices. Paul and Weinthal (2019) found that in Ethiopia, extension services are possibly the only gui-
dance farmers have on adaptation practices. Several authors (e.g. Mutyasira et al., 2018; Paul & Weinthal, 2019;
Teklewold et al., 2018) found in Ethiopia that exposure to agricultural extension services positively in�uences
the adoption of sustainable agricultural practices and the implementation of climate-related programmes, with
the lack of access to extension services acting as a main barrier to adapt to climate change and variability (Gezie,
2019) and as a constraint that hampers farmers from taking any action in response to climate change (Mihiretu
et al., 2021). Findings here are consistent with those from another study undertaken in Northern Togo, where
the support of extension services to farmers was also found to be a key factor in enhancing farm household
adaptability to climate change (Ali, 2021).

4.4. Implementation of mitigation options

Stakeholders used the MOT to identify potential mitigation options for smallholder farms during the workshop
in Ethiopia. Mitigation practices suggested by the MOT include planting cover crops, no-tillage or reduced
tillage, addition of organic fertilizer (e.g. manure and compost), optimum nitrogen application, addition of
straw in the soil and application of fertilizer with nitrogen inhibitor. MacSween and Feliciano (2018) previously
identi�ed the co-bene�ts of these mitigation options. Cover crops (e.g. with desho grass) increases soil organic
carbon (SOC) storage in rotations with medium inputs (Ogle et al., 2005). Cover crops can also improve soil
health, which can subsequently increase yields (Ogle et al., 2005; Olson et al., 2014). Cover crops can be
planted before the main crops are planted, or in between established crops, with the objective of improving
the physical, biological, and chemical properties of the soil. No-tillage can increase carbon sequestration poten-
tial through storage of soil organic matter in cropland (van Kessel et al., 2013). The application of manure
increases soil organic matter content, which leads to improved soil water holding capacity and in�ltration, drai-
nage, aeration and biological activity, which enhances water use e�ciency; at the same time that it removes
atmospheric CO2 thus establishing agricultural soils as carbon sinks (Altieri & Nicholls, 2017; Marenya &
Barrett, 2007). Other studies have also shown that the addition of organic manure can increase crop yield.
Wang et al. (2017) found that organic manure can be used when growing maize in dryland agriculture to
improve soil environment and water productivity while increasing yield. Dordas et al. (2008) report that syn-
thetic fertilizer can be replaced by organic manure in maize production in northern Greece without a loss of
yield. Applying an optimum amount of nitrogen fertilizer and optimizing the placement and time of application
during the growing season could enhance e�ciency and reduce associated nitrous oxide (N2O) emissions
(Moran et al., 2011). Returning crop residues into the soil has the potential to increase SOC, to return essential
nutrients such as nitrogen (N), phosphorous (P) and potassium (K) into the soil and this, in turn, can increase
crop yield (Smith et al., 1997; Stagnari et al., 2014). The promotion of grasslands for animal feeding could be
considered in order to release crop residues used from house construction to be available for soil incorporation.
In livestock production, Berhe et al. (2020), found that complementary feeding of maize grain to livestock,
together with improvement of manure management and of herd productive and reproductive parameters
(e.g. through breed improvement), applied either separately or in combination in the reduction of GHG emis-
sions, more speci�cally enteric CH4 emissions.

However, a multitude of potential barriers exists that may prevent farmers from implementing climate
change mitigation practices (Wreford et al., 2017). Failure by research and development organizations to
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take into consideration farmers’ preferences for soil and water conservation practices has resulted in low adop-
tion of these technologies (Adimassu et al., 2013). It is crucial, therefore, to understand what the barriers for
implementation of mitigation options are. For example, this study found that farmers mentioned crop residues
are used both for livestock feed and for construction so the incorporation of crop residues in the soil is unlikely
to be implemented as a mitigation option in small-scale farming. It is also important to understand the context
in which practices are to be implemented, especially because some practices are highly site- and context-
speci�c, and some practices that may act positively in one context may have adverse e�ects in another (Feli-
ciano et al., 2017). Crop productivity in the Ethiopian highlands is critically a�ected by land degradation and
climate change (Adego et al., 2018). Land degradation is a major socio-economic and environmental
concern in the Ethiopian highlands where it has left enormous areas of fertile land unproductive (Adimassu
et al., 2013). Mitigation options that can increase crop yields and soil water holding e�ciency, such the addition
of organic manure to the soil, are thus especially important in semi-arid environments, since this can both
reduce land degradation and improve climate change adaptation alongside delivery of carbon sequestration
mitigation bene�ts. For Smith et al. (2007), the challenge for successful agricultural GHG mitigation is to
remove barriers by implementing creative policies that take into account economic, social and environmental
co-bene�ts such as improved food security (e.g. increased/stabilized yields). For example, Ali (2021) showed
that access to credit can increase the probability of the adoption of organic fertilizer as it can help farmers
pay for the transportation costs to bring the organic fertilizer to their agricultural �elds.

4.5. E�ectiveness of the MOT to promote learning about the impacts of agricultural practices on
climate change

The MOT was used as an interface between science, policy and practice during the workshop in Ethiopia with
the objective to promote stakeholders’ learning on the impact of agricultural practices on climate change and
on the potential of agricultural practices to mitigate climate change. According to Brown and Everard (2015),
researchers have the important role of deciphering local contexts and communicating their �ndings with
decision-makers so that policies can be successfully designed and implemented. Fortmann and Ballard
(2011) believe that collaboration between scientists and stakeholders produces more relevant policy knowl-
edge than the sole collaboration of scientists, without the inclusion of people a�ected by the policies at stake.

Data collection in the �eld, guided by the requirements of the MOT, as well as the workshop with a wide
range of stakeholders, provided a conducive environment and a memorable experience for stakeholders, in
comparison to only listening to oral presentations or reading and analysing results. Experiential learning was
maximized in the activities in Ethiopia through the undertaking of �eld visits to a farming region, on-site inter-
action with smallholder farmers, interaction with a wide range of stakeholders, re�ection on the process, and
feedback to the research team, similar to the method developed by Feliciano et al. (2019). A wide diversity of
stakeholders from several Ethiopian regions, including both men and women, were involved in the activities.
Fazey et al. (2005) acknowledge the importance of experiential knowledge for e�ective environmental-related
research and practice. Behrendt and Franklin (2014) consider that experiential learning is authentic, �rst-hand
and sensory-based. Atieno (2009) considers that a good approach to understand a phenomenon is by viewing it
in its context.

The workshop activities undertaken during the study allowed stakeholders to exchange ideas continuously,
to provide feedback to the research team, and to adjust the activities to respond to the feedback provided. This
contributed to e�ective stakeholder learning. The workshop also allowed stakeholders to learn through group
exchanges and self-re�ection on the knowledge gained during the preparation and delivery of presentations to
the plenary, and through written feedback to the research team, respectively. For Bonwell and Eison (1991)
active learning happens when people ‘are actively or experientially involved in the learning process and
where there are di�erent levels of active learning, depending on [their] involvement’. Harris (2014) believes
that summarizing information improves learning since it makes individuals rewrite the main points or ideas
in their own words, and it generates re�ection about the information obtained as well as its relevance.

Feedback provided by stakeholders at the workshop leads to the conclusion that the MOT can generate
e�ective learning. Additionally, all stakeholders indicated they would use the MOT in the future. One
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example given by stakeholders of where they would use the MOT is the implementation and monitoring of
Ethiopian NDC and therefore contributing to national climate policy processes. Another use is teaching, with
the capacity to expand the number of users in Ethiopia, and therefore further contribute to stakeholders’ learn-
ing. Additionally, the MOT can help stakeholders to identify synergies between mitigation and adaptation,
taking into account co-bene�ts such as food security (e.g. increased/stabilized yields) and land and water man-
agement. If farmers are unable to identify any bene�ts to changing their practices, they will be unwilling to
implement the measures without top-down policies (Wreford et al., 2017).

Stakeholders noted that the MOT was not speci�c to the Ethiopian context and suggested several changes
that should be implemented to make it more suitable to the Ethiopian context (Appendix 4, Supplementary
Material). In fact, the MOT was developed to be dynamic and iterative so that users in di�erent countries
can change emission factors and management options according to their needs (Feliciano et al., 2017).
Many stakeholders indicated their willingness to form partnerships to develop the MOT in order to overcome
this limitation; this would have the potential to improve shared knowledge and consequently co-learning about
the relationship between agriculture and climate change. Funding to undertake further research to developing
the MOT for speci�c countries should then be pursued. The activities undertaken with the MOT in Ethiopia can
be reproduced in other developing countries with similar land use systems, and can contribute to trigger dis-
cussions on the impact of land management practices on GHG emissions, including the identi�cation of poten-
tial mitigation options and the adaptation co-bene�ts, and the barriers related to the implementation of
sustainable agricultural practices.

4.6. Further research and application of the MOT

In this study, smallholder farmers did not provide the amount of organic manure to soils comprehensively.
Future studies on the assessment of GHG emissions in smallholder farming should thoroughly collect infor-
mation about the amount of manure added to soils by farmers as this option is relevant for both soil carbon
sequestration (mitigation) and increasing water holding capacity to stabilize yields (adaptation). Therefore,
the method for data collection in the �eld should be improved with continuous engagement with farmers.

Stakeholders at the workshop suggested several improvements to the MOT, namely to contextualize it to
Ethiopia by integrating speci�c crops such as te� (Eragrostis tef) and enset (Ensete ventricosum), having oxen
ploughing as a soil tillage option, and including GHG emission factors related to enset processing and fermen-
tation. They also suggested to increase visibility of practices that sequester carbon, to include soil and water
conservation practices or to include cost–bene�t analysis for climate mitigation options. Further research
should contemplate these suggestions.

Follow-up studies should also include a comprehensive assessment of barriers to the implementation of
mitigation options identi�ed by the MOT by engaging with farmers in the �eld. In fact, when asked during
the workshop, stakeholders did not manage to identify barriers to the implementation of the mitigation
options in the �eld. This highlights the importance of working with farmers in order to have an e�ective
design and implementation of climate change policies in the Global South. As pointed out by the United
Nations (UN, 2019), smallholder farmers urgently require greater support and increased investment in infra-
structure and technology for sustainable agriculture implementation. Adimassu et al. (2013) also claim the
need to strengthen farmers’ participation in the planning and development of best future alternatives. In
addition, an assessment of the e�ectiveness of the mitigation options identi�ed by the MOT in improving
household food security should be also be pursued by engaging with farmers who would implement those
options and asking whether they could bene�t from the implementation in terms of increased or stabilized
crop yields and improved access to a su�cient quantity of nutritious food.

A programme of training activities with agricultural extension agents, international development agents and
farmers could be undertaken in Ethiopia using the MOT as a facilitator for knowledge exchange between
science and practice. The agents could then use the increased knowledge acquired to base their advice to
farmers on the adoption of climate change mitigation practices. Additionally, the MOT could be used in training
activities with policy-makers and could, thus, prompt the creation of �nancial or non-�nancial incentives to
support the adoption of mitigation practices.
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Finally, a full assessment of the e�ectiveness of the MOT in promoting stakeholder learning about the
relationship between land management and climate change is suggested by further contacting practitioners
and policy-makers who participated in the workshop to ask if they are still using the MOT, how they are
using it and for what purpose. Using the MOT within process of planning, design and monitoring of speci�c
actions for the achievement of the NDC in the country would be a good indication of its e�ectiveness.

5. Conclusion

Management practices implemented by smallholder farmers in Ethiopia as mitigation measures were reduced
tillage and incorporating manure in the soils. These practices are also bene�cial for adaptation as they have the
potential to sequester carbon through the storage of soil organic matter, which contributes to increased soil
water holding capacity that is essential in drier climates and consequently stabilizes crop yields. The implemen-
tation of adaptation practices was much more common and included adoption of local livestock breeds,
reduction of livestock numbers, increase in fertilizer application, planting barley instead of wheat, boundary
planting, introduction of desho grass strips, early sowing of crops and livelihood diversi�cation. This possibly
re�ects the changes in weather patterns noticed by all farmers in the study. GHG emissions from synthetic fer-
tilizer application varied between 0.5 and 2.6 t CO2eq ha�1 in wheat, 0.3 and 3.6 t CO2eq ha�1 in barley and 0.5
and 8.3 t CO2eq ha�1 in potatoes, and GHG emissions from livestock production varied between 6.1 and 31.4 t
CO2eq ha�1 across the farmers surveyed. In order to improve estimates, �eldwork planning should consider
more time for detailed data collection, including barriers for implementation of mitigation and adaptation
options through engagement with farmers.

In this study, feedback revealed that the activities undertaken with the MOT were successful at promoting a
lively engagement with a diversity of stakeholders from several regions as well as the continuous exchange of
ideas. User-friendly tools, such as the MOT, are essential to support transparency and learning across diverse
stakeholder groups, especially in developing countries where the data available for analysis is low. This
study tested with good results the applicability of the MOT to systematise data collection on land management
practices and data analysis, as well as the ability of the MOT to serve as an interface between, science, policy and
practice and to contribute to stakeholder learning about land management and climate change mitigation and
adaptation in Ethiopia.

The MOT can be used in similar activities in other countries with the objective of generating discussion about
the contribution of land management practices to climate change, the potential of the land use sector to miti-
gate climate change, as well as the co-bene�ts for climate change adaptation. The capacity of the MOT to
in�uence change in land management at larger scale depends on the level of engagement and the e�ective-
ness of the knowledge exchange activities (e.g. group �eldwork, capacity building workshops, discussions,
classes and focus groups). These activities should create awareness among all stakeholders, including policy-
makers, of the sources of emissions, practices to reduce emissions, the co-bene�ts of those practices, the bar-
riers to implementation, and data gaps. Building on the MOT experience and results, and continuing with such
knowledge sharing activities in future, could increase Ethiopia’s capacity and e�ectiveness to implement
climate change mitigation programmes in the rural land use sector with co-bene�ts for adaptation and food
security.

Notes
1. https://ccafs.cgiar.org/index.php/resources/tools/ccafs-mot-mitigation-options-tool-agriculture
2. https://ccafs.cgiar.org/research/projects/mitigation-options-tool-agriculture-ccafs-mot
3. http://interaide.org/
4. https://www.climatelinks.org/resources/agriculture-and-land-use-national-greenhouse-gas-inventory-alu-software
5. https://en.climate-data.org/africa/nigeria/borno/dega-902560/
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