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Appendix 1. Summary of literature selection criteria
	Selection Parameter
	Inclusion criteria
	Exclusion criteria

	Language
	English
	Non-English

	Literature type
	Original studies
	Qualitative literature review and analysis

	
	The article wasn't a duplicate version of another article
	The article was a duplicated version of another article in the dataset

	Publication year
	Published between January 2000 to January 2023
	Published before 1st January 2000

	Location of the study
	Reporting results from SSA regions
	Reporting results from regions outside SSA

	Article availability 
	Available on the Google Scholar, Scopus and Web of Science databases
	Having paywall restrictions

	Article title
	Titles addressing the impact of agriculture on climate and their adaptation practices
	Titles on coping strategies, exposure, risk, vulnerability, and challenges for agriculture, alone without climate change.
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Appendix 2. Flowchart of a systematic process for the identification of pieces of literature used in the review (n = number of articles)

[image: ]Appendix 3. Requite effect of agriculture and climate change on each other and their impacts on ecology and human wellbeing (note: + and – denote positive and negative impacts, respectively)








Appendix 4. Anthropogenic Greenhouse Gas emissions from the agricultural sector in SSA:1990-2020
	Year
	GHG emissions from food crop production (GtCO2e)
	GHG emissions from Livestock production (GtCO2e)
	% Contribution of Agriculture to Total GHG emissions in SSA

	1990
	5.621
	9.771
	57.5

	1995
	5.501
	9.668
	56.9

	2000
	5423.8
	9.896
	54.8

	2005
	5.798
	10.780
	53.8

	2010
	5.999
	10.387
	52.7

	2015
	6.271
	9.166
	51.5

	2020
	6.484
	11.121
	49.4


Source: Author’s adoption from (McCarthy et al., 2022)

Appendix 5. Components of agricultural land-use emissions in SSA for the last 20 years [Author's modification from (Scott et al., 2023)]
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Appendix 6. Agricultural activities that generate GHGs in SSA
	SSA
	Agricultural Activities
	Processes
	Main emission 
	References

	Southern Africa (South Africa, Botswana, Namibia, Zambia and Zimbabwe)
	Land cultivation
	Fuel for machinery
	CH4, CO2
	(Zheng et al., 2023)

	
	
	Release of gasses from the soil
	CO2, N2O
	(Kanitkar et al., 2022)

	
	Synthetic fertilizer
	Applications, distribution and management
	CH4, CO2
	(Solomon, 2023)

	
	Crop residue
	Burning and on-farm abandon
	CH4, CO2
	(Chalise and Naranpanawa, 2016)

	
	Irrigation
	Soil surface water runoff
	CO2, N2O
	

	Central Africa (DR. Congo, Uganda and Gabon, Sao Tome)
	Slurry and Manure were applied to the soil
	Storage, management and applications
	CO2, N2O, CH4
	(Solomon, 2023)

	
	
	De-nitrification in soil
	N2O
	(Outhwaite et al., 2022)

	
	Mulching
	Application and on-farm spreading
	CH4, CO2
	(Petersen et al., 2023)

	Western Africa (Nigeria, Togo, Ghana, Mali and Niger)
	Land preparation
	Unsustainable soil tillage
	CO2
	(Robinson, 2020)

	
	
	Fuel for machinery
	CH4, CO2
	(Robinson, 2020)

	
	
	Ridging, ploughing and harrowing
	CO2, N2O
	(Borrelli et al., 2020)

	
	Irrigation
	Soil surface water runoff
	CO2, N2O
	(Chalise and Naranpanawa, 2016)

	
	Weeding
	Chemical applications and distribution
	CO2, N2O
	(Outhwaite et al., 2022)

	
	
	Manual unwanted plants removal
	CO2
	(Chabbi et al., 2017)

	Eastern Africa (Ethiopia, Sudan, Eritrea, Kenya and 
	Integrated Pest Management
	Management, application and distribution
	CO2, CH4
	(Petersen et al., 2023)

	
	Synthetic fertilizer
	Applications, distribution and management
	CH4, CO2
	(Solomon, 2023)

	
	Cultivation
	Fuel for machinery
	CH4, CO2
	(Davis-Reddy, 2018)

	
	
	Release of gasses from the soil
	CO2, N2O
	(Chalise and Naranpanawa, 2016).




Appendix 7. The relative contribution of main sources of emissions from livestock supply chains across SSA (Author's modification from Ogunbode et al. (2020))

Appendix 8. Greenhouse gas sources in SSA, existing levels, and lifespan in the atmosphere 
	GHG
	Atmospheric lifetime
	Current level
	Main source

	Carbon Dioxide
	100 years
	400 ppm
	Anthropogenic activities, fossil fuel (Ackerl et al., 2023)

	Methane
	12years
	1821 ppb
	Land wastes, livestock (Ogunbode et al., 2020)

	Nitrous Oxide
	118years
	340 ppb
	Agriculture, Industry and Combustion (Solomon, 2023)

	Ozone
	Hours to days
	40 ppb
	Fuel combustion, organic compound evaporation, and fossil fuel (Solomon, 2023)



[bookmark: _Hlk148122138]Appendix 9. The economic impact of climate change in various SSA nations 
	Countries
	Crop production
	Livestock production
	Nation’s economy
	References

	Mozambique
	Loss of farmland; Emergence of pests and disease, increased stress on crops which may in turn decrease yields
	Livestock dehydration leads to fatigue of livestock, Death of animals,
	Loss of properties and income; Seasonal shortages of food supply; inflation
	(Solomon, 2023)

	South Africa
	Poor quality of crops; delay in the flowering and wilting of crops
	Causes animal respiratory diseases and foot rot due; to the death of livestock
	Poor agricultural market value, Shortages of food supply all year round
	(Solomon, 2023)

	Botswana
	Destruction of crops; poor farm harvest; pests in farmland
	Livestock pests/diseases proliferation; increased heat stress in livestock; death of livestock
	Increase government expenditure due to reliance on irrigation and pest/disease control measures
	(Kim et al., 2021)

	Tanzania
	Reduced quantity and quality of farm yield; pest/disease in farmland
	Livestock pests/diseases proliferation; death of farm animal
	Loss of foreign revenue; famine; Environmental disasters
	(Chalise and Naranpanawa, 2016)

	Kenya
	Destruction of crops or lowering crop productivity
	Lack of pastures and animal feeds; Death of livestock
	Causes malnutrition and hunger in the nation; loss of income
	

	Congo Dr.
	Damage to grain and other crops production; increase in some pests
	Causes animal respiratory diseases and foot rot due; to the death of livestock
	Total loss of farm produce, Poor agricultural market value
	(Tackley et al., 2023)

	Nigeria
	Crop damage; soil erosion; difficulty to cultivate land owing to soil waterlogging
	Livestock pests/diseases proliferation; fatigue of livestock; poor growth
	Shortages of food supply all year round; cause inflation; lead to migration.
	(Outhwaite et al., 2022)

	Togo
	Soil erosion and land degradation; lower yields from crop damage 
	Manifestation of diseases; Increased livestock deaths
	Wildfire danger; loss of farmland; inflation of food commodity
	(Cockx et al., 2019; Petersen et al., 2023)

	Sudan
	Vegetable defoliation; manifestation of pests and diseases; poor yield
	Causes animal respiratory diseases; death of livestock
	Salinization of irrigation water, estuaries and freshwater systems; loss of arable land and increase in migration
	(Rezaei and Gurdak, 2020; Robinson, 2020)

	Eritrea
	Total loss of farmland; land degradation; inability to cultivate
	Livestock pests/diseases proliferation; increased heat stress in livestock; deaths of livestock
	This leads to famine in the country; causes inflation in commodity price.
	(Abernethy et al., 2022)












[bookmark: _Hlk148121966]Appendix 10. GHG sink adaptation practices in SSA
	Regions
	Crop Production
	Livestock Production 
	Energy-use in Agriculture

	Southern Africa 
	Combust methane in air-seal storage (Solomon, 2023)
	Employ greenhouse gas–focused genetic selection and breeding (Robinson, 2020)
	Adopt zero-emissions on-farm machinery and equipment (Chalise and Naranpanawa, 2016)

	
	Cover manure storage facilities (Chalise and Naranpanawa, 2016)
	Optimize the animal feed mix (Robinson, 2020)
	Increased Efficiency of Fossil-fired Power Plants and Fuel Switching (Outhwaite et al., 2022)

	
	Adoption of controlled release and stabilized fertilizers (Robinson, 2020)
	Expand the use of anaerobic manure digestion (Chalise and Naranpanawa, 2016)
	Using advanced technologies, designs, and materials to develop more fuel-efficient vehicles (Chalise and Naranpanawa, 2016)

	
	Timing input application to avoid runoff and leaching (Outhwaite et al., 2022)
	Convert marginal cropland to forests, shrublands or grasslands (Outhwaite et al., 2022)
	Ensure solid biomass fuels have optimum moisture content (Solomon, 2023)

	
	Covering of manure pits allows the methane and other GHG gases to be captured and burned internally (Outhwaite et al., 2022)
	Proper feed management practices (Outhwaite et al., 2022)
	Use green power as a way to reduce the environmental impacts associated with conventional electricity use (Ebhota and Tabakov, 2021)

	Central Africa
	Reduce the use of excess fertilizer, pesticides and other inputs (Robinson, 2020)
	Retain or restore wetlands and peatlands (Omotoso et al., 2022)
	Ensure solid biomass fuels have optimum moisture content 

	
	Improve farmland water management 
	Expand uptake of technologies that increase livestock production efficiencies (FAO, 2021)
	Using natural gas instead of coal to run machinery (Outhwaite et al., 2022)

	
	Low or zero tillage practices (Robinson, 2020)
	Expand the use of animal feed additives (Omotoso et al., 2023)
	Reducing solid waste sent to landfills (Omotoso et al., 2022)

	
	Efficient fertilization practices in crop cultivation 
	Expand the use of feed-grain processing for
improved digestibility (Outhwaite et al., 2022)
	Use timers, sensors or variable speed drives on ventilation, heating, cooling and lighting systems (Chalise and Naranpanawa, 2016)

	
	Precision agriculture helps to save farmer’s resources and eliminate environmental pollution 
	Breeding for herd health will reduce mortalities. Lowering mortalities means fewer and zero emissions (Chalise and Naranpanawa, 2016)
	Using wind turbines instead of fossil fuel (Davis-Reddy, 2018; Outhwaite et al., 2022)

	Western Africa
	Apply nitrification inhibitors on pasture (Davis-Reddy, 2018; Outhwaite et al., 2022)
	Improve animal health monitoring and illness prevention (Davis-Reddy, 2018; Outhwaite et al., 2022)
	Using wind turbines as an energy source (Davis-Reddy, 2018; Outhwaite et al., 2022)

	
	Increase cover cropping 
	Practice rotational grazing to sequester carbon in the soil (Omotayo et al., 2022; Omotoso et al., 2023)
	Using efficient heating, cooling, and ventilation systems for barns and other production facilities (Robinson, 2020)

	
	Avoid burning crop residues which release CO2 (Chabbi et al., 2017)
	Use low-intensity, rotational grazing on rangeland and pastures with low forage (Solomon, 2023)
	Use low-energy lighting systems where appropriate (Solomon, 2023)

	
	Increase afforestation to increase carbon sequestration (Chalise and Naranpanawa, 2016)
	Include additives in manure to suppress and eradicate unwanted biological activity 
	Replace fossil-fuel-powered equipment with electrical pumps and motors 

	
	Eradicate soil surface runoff 
	Implement manure storage covers and anaerobic digesters 
	Use of forest products for bioenergy to
replace fossil fuel use 

	Eastern Africa
	Reduce nitrogen over-application on farmland 
	Implement rotational grazing (Outhwaite et al., 2022)
	Ensure that all heating and cooling systems are in good working order 

	
	Return crop residues to the soil 
	Select high-quality feed that will reduce methane released from enteric fermentation 
	Construction of Solar thermal infrastructure (Robinson, 2020)

	
	Establishment of agroforestry systems (Chalise and Naranpanawa, 2016)
	Using livestock feed additives 
	Implement thermal energy efficiency improvements that increase insulation 

	
	Optimize manure use with a nutrient management plan 
	Optimize livestock feeding to minimize waste and maximize feed conversion (Davis-Reddy, 2018)
	Maintain engines in efficient running order and keep tires inflated to the manufacturer’s
recommended pressure 

	
	Planting cover crops is a successful method of preventing soil erosion and promotes water retention and nitrogen fixation 
	Feed additives can rightly eradicate methane production from the cattle’s belching 
	Use of Landfill as a source of energy (Davis-Reddy, 2018)



[bookmark: _Hlk148122082]Appendix 11.   Characteristics of adaptation practices by selected countries in SSA
	Agricultural practices
	Specific adaptation strategies
	Countries in SSA
	References

	Crop management
	Adopting new crop varieties
	Ghana, Burkina Faso, Benin, Kenya, South Africa
	(Chalise and Naranpanawa, 2016)

	
	Crop rotation
	Ghana, Nigeria, Rwanda, Gabon and Togo 
	(Daud et al., 2018; Omotayo et al., 2022)

	
	Intercropping
	Cameroon, Botswana, Benin and Senegal
	(Abernethy et al., 2022)

	Soil/land management
	Zero/minimal tillage
	Namibia, Zimbabwe, Malawi, Kenya and Tanzania
	(Ogunbode et al., 2020)

	
	Mulching
	Ghana, Kenya, Zimbabwe, Ethiopia, Malawi, and Burkina Faso
	(Ogunbode et al., 2020)

	
	Agroforestry
	South Africa, Malawi and Kenya, South Africa and Mali
	(Borrelli et al., 2020; Popp et al., 2017)

	
	Half-moons and vegetation bunds
	Kenya, Ethiopia, and Zimbabwe
	(Omotoso et al., 2023; Robinson, 2020)

	
	Application of mineral/organic fertilizer
	Kenya, Ethiopia, Malawi, Nigeria and Togo
	(Omotoso et al., 2022)

	Forestry management
	Afforestation
	Ghana, Kenya, Zimbabwe, Ethiopia, Malawi, and Burkina Faso
	

	
	Agroforestry
	Ghana, Burkina Faso, Benin, Kenya, South Africa
	(Robinson, 2020)

	
	Tungya farming
	Kenya, Ethiopia, Malawi and Togo
	(Davis-Reddy, 2018)

	Water management
	Water storage/harvesting
	Ghana, Kenya, Zimbabwe, Nigeria, Ethiopia, Malawi, and Burkina Faso
	

	
	Irrigation
	South Africa, Cono Dr., Kenya, Zimbabwe, Nigeria, Ethiopia, Malawi, and Burkina Faso
	(Davis-Reddy, 2018)

	Livestock management
	Breeding of emission-enhanced species
	South Africa, Botswana, Uganda, Malawi and Kenya
	(Outhwaite et al., 2022)

	
	Changing animal feeds
	South Africa, Cono Dr., Kenya, Zimbabwe, Nigeria, Ethiopia, Malawi, and Burkina Faso
	(Outhwaite et al., 2022)

	
	Uptake of animal health service
	Kenya, Zimbabwe, Nigeria, Ethiopia and Malawi
	(Borrelli et al., 2020; Popp et al., 2017)

	
	Improvement in animal husbandry
	Namibia, Zimbabwe, Malawi and Tanzania
	

	
	Adding addictive to animal feed
	Namibia, Botswana, Zimbabwe, Malawi and Tanzania
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