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1. [bookmark: _Toc161013934]R-MRIO country and industry coverage

Table S1A. African and other countries covered in the R-MRIO database, grouped by sub-region:
	Subregion
	Countries

	Northern Africa
	Algeria, Egypt, Libya, Mauritania, Morocco, Sudan, Tunisia

	Western Africa
	Benin, Burkina Faso, Cape Verde, Cote d'Ivoire, Gambia, Ghana, Guinea, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, Togo

	Central Africa
	Angola, Cameroon, Central African Republic, Chad, Congo, DR Congo, Gabon, Sao Tome and Principe

	Eastern Africa
	Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mauritius, Mozambique, Rwanda, Seychelles, Somalia, South Sudan, Tanzania, Uganda, Zambia, Zimbabwe

	Southern Africa
	Botswana, Lesotho, Namibia, South Africa, Swaziland (or Eswatini)

	Europe
	Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Germany, Denmark, Estonia, Spain, Finland, France, Greece, Croatia, Hungary, Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, Netherlands, Poland, Portugal, Romania, Sweden, Slovenia, Slovakia, UK, Iceland, Liechtenstein, Monaco, Montenegro, Moldova, San Marino, Serbia, TFYR Macedonia, Ukraine, Belarus, Bosnia and Herzegovina, Andorra, Albania.

	Asia
	Japan, China, South Korea, Taiwan, Afghanistan, Armenia, Azerbaijan, Bangladesh, Bhutan, Brunei, Cambodia, North Korea, Georgia, Hong Kong, Kazakhstan, Kyrgyzstan, Laos, Macao SAR, Malaysia, Maldives, Mongolia, Myanmar, Nepal, New Caledonia, New Zealand, Pakistan, Papua New Guinea, Philippines, Samoa, Singapore, Sri Lanka, Tajikistan, Thailand, Turkmenistan, Uzbekistan, Vanuatu, Viet Nam, Bahrain, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Gaza Strip, Oman, Qatar, Saudi Arabia, Syria, Former USSR, UAE, Yemen.

	Americas
	USA, Canada, Brazil, Mexico, Argentina, Chile, Colombia, Costa Rica, Cuba, Ecuador, El Salvador, Greenland, Guatemala, Guyana, Haiti, Honduras, Jamaica, Nicaragua, Panama, Paraguay, Peru, Suriname, Trinidad and Tobago, Uruguay, Venezuela, Antigua, Aruba, Barbados, Belize, Bermuda, Bolivia, British Virgin Islands, Cayman Islands, Dominican Republic, French Polynesia.

	Asia
	Australia, Fiji.


Source: 1,2
R-MRIO covers 51 out of 55 African countries except Comoros, Equatorial Guinea, Guinea-Bissau, and Saint Helena (including Ascension and Tristan da Cunha). Still, the individual details for 51 countries across all sub-regions represent a significant improvement over prior MRIO models that often lump Africa together. This database enables a nuanced footprint analysis of material flows within and between Africa and global trading partners.








Table S1B: List of African countries and corresponding ISO2 and ISO3 codes and sub-region.
	Country
	ISO2 code
	ISO3 code
	Sub-Region

	Algeria
	DZ
	DZA
	Northern Africa

	Angola
	AO
	AGO
	Southern Africa

	Benin
	BJ
	BEN
	Western Africa

	Botswana
	BW
	BWA
	Southern Africa

	Burkina Faso
	BF
	BFA
	Western Africa

	Burundi
	BI
	BDI
	Eastern Africa

	Cameroon
	CM
	CMR
	Central Africa

	Cape Verde
	CV
	CPV
	Western Africa

	Central African Republic
	CF
	CAF
	Central Africa

	Chad
	TD
	TCD
	Central Africa

	Congo
	CG
	COG
	Central Africa

	Cote d'Ivoire
	CI
	CIV
	Western Africa

	DR Congo
	CD
	COD
	Central Africa

	Djibouti
	DJ
	DJI
	Eastern Africa

	Egypt
	EG
	EGY
	Northern Africa

	Eritrea
	ER
	ERI
	Eastern Africa

	Ethiopia
	ET
	ETH
	Eastern Africa

	Gabon
	GA
	GAB
	Central Africa

	Gambia
	GM
	GMB
	Western Africa

	Ghana
	GH
	GHA
	Western Africa

	Guinea
	GN
	GIN
	Western Africa

	Kenya
	KE
	KEN
	Eastern Africa

	Lesotho
	LS
	LSO
	Southern Africa

	Liberia
	LR
	LBR
	Western Africa

	Libya
	LY
	LBY
	Northern Africa

	Madagascar
	MG
	MDG
	Eastern Africa

	Malawi
	MW
	MWI
	Eastern Africa

	Mali
	ML
	MLI
	Western Africa

	Mauritania
	MR
	MRT
	Western Africa

	Mauritius
	MU
	MUS
	Eastern Africa

	Morocco
	MA
	MAR
	Northern Africa

	Mozambique
	MZ
	MOZ
	Southern Africa

	Namibia
	NA
	NAM
	Southern Africa

	Niger
	NE
	NER
	Western Africa

	Nigeria
	NG
	NGA
	Western Africa

	Rwanda
	RW
	RWA
	Eastern Africa

	Sao Tome and Principe
	ST
	STP
	Central Africa

	Senegal
	SN
	SEN
	Western Africa

	Seychelles
	SC
	SYC
	Eastern Africa

	Sierra Leone
	SL
	SLE
	Western Africa

	Somalia
	SO
	SOM
	Eastern Africa

	South Africa
	ZA
	ZAF
	Southern Africa

	South Sudan
	SS
	SSD
	Eastern Africa

	Sudan
	SD
	SDN
	Northern Africa

	Swaziland
	SZ
	SWZ
	Southern Africa

	Tanzania
	TZ
	TZA
	Eastern Africa

	Togo
	TG
	TGO
	Western Africa

	Tunisia
	TN
	TUN
	Northern Africa

	Uganda
	UG
	UGA
	Eastern Africa

	Zambia
	ZM
	ZMB
	Southern Africa

	Zimbabwe
	ZW
	ZWE
	Southern Africa


Source: REX3 database and UN ESA classification and definition of regions.[footnoteRef:1] [1:  https://esa.un.org/MigFlows/Definition%20of%20regions.pdf] 



Table S2. Industries covered in the R-MRIO database, grouped by sub-region:
	 
	Industry/sector/activity
	Material category

	1
	Cultivation of paddy rice
	Biomass

	2
	Cultivation of wheat
	Biomass

	3
	Cultivation of cereal grains nec
	Biomass

	4
	Cultivation of vegetables, fruit, nuts
	Biomass

	5
	Cultivation of oil seeds
	Biomass

	6
	Cultivation of sugar cane, sugar beet
	Biomass

	7
	Cultivation of plant-based fibres
	Biomass

	8
	Cultivation of crops nec
	Biomass

	9
	Cattle farming
	Biomass

	10
	Pigs farming
	Biomass

	11
	Poultry farming
	Biomass

	12
	Meat animals nec
	Biomass

	13
	Animal products nec
	Biomass

	14
	Raw milk
	Biomass

	15
	Wool, silk-worm cocoons
	Biomass

	16
	Manure treatment (conventional), storage and land application
	Biomass

	17
	Manure treatment (biogas), storage and land application
	Biomass

	18
	Forestry, logging and related service activities (02)
	Biomass

	19
	"Fishing, operating of fish hatcheries and fish farms; service activities incidental to fishing (05)"
	Biomass

	20
	"Mining of coal and lignite; extraction of peat (10)"
	Fossil fuels

	21
	Extraction of crude petroleum and services related to crude oil extraction, excluding surveying
	Fossil fuels

	22
	Extraction of natural gas and services related to natural gas extraction, excluding surveying
	Fossil fuels

	23
	Extraction, liquefaction, and regasification of other petroleum and gaseous materials
	Fossil fuels

	24
	Mining of uranium and thorium ores (12)
	Metal ores

	25
	Mining of iron ores
	Metal ores

	26
	Mining of copper ores and concentrates
	Metal ores

	27
	Mining of nickel ores and concentrates
	Metal ores

	28
	Mining of aluminium ores and concentrates
	Metal ores

	29
	Mining of precious metal ores and concentrates
	Metal ores

	30
	Mining of lead, zinc and tin ores and concentrates
	Metal ores

	31
	Mining of other non-ferrous metal ores and concentrates
	Metal ores

	32
	Quarrying of stone
	Non-metallic minerals

	33
	Quarrying of sand and clay
	Non-metallic minerals

	34
	Mining of chemical and fertiliser minerals, production of salt, other mining and quarrying n.e.c.
	Non-metallic minerals

	35
	Processing of meat cattle
	 

	36
	Processing of meat pigs
	 

	37
	Processing of meat poultry
	 

	38
	Production of meat products nec
	 

	39
	Processing vegetable oils and fats
	 

	40
	Processing of dairy products
	 

	41
	Processed rice
	 

	42
	Sugar refining
	 

	43
	Processing of Food products nec
	 

	44
	Manufacture of beverages
	 

	45
	Manufacture of fish products
	 

	46
	Manufacture of textiles (17)
	 

	47
	"Manufacture of wearing apparel; dressing and dyeing of fur (18)"
	 

	48
	"Tanning and dressing of leather; manufacture of luggage, handbags, saddlery, harness and footwear (19)"
	 

	49
	"Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and plaiting materials (20)"
	 

	50
	Re-processing of secondary wood material into new wood material
	 

	51
	Pulp
	 

	52
	Re-processing of secondary paper into new pulp
	 

	53
	Paper
	 

	54
	Manufacture of coke oven products
	 

	55
	Petroleum Refinery
	 

	56
	Plastics, basic
	 

	57
	Re-processing of secondary plastic into new plastic
	 

	58
	N-fertiliser
	 

	59
	P- and other fertiliser
	 

	60
	Chemicals nec
	 

	61
	Manufacture of glass and glass products
	 

	62
	Re-processing of secondary glass into new glass
	 

	63
	Manufacture of ceramic goods
	 

	64
	Manufacture of bricks, tiles and construction products in baked clay
	 

	65
	Manufacture of cement, lime and plaster
	 

	66
	Re-processing of ash into clinker
	 

	67
	Manufacture of other non-metallic mineral products n.e.c.
	 

	68
	Transport via pipelines
	 

	69
	Processing of nuclear fuel
	 

	70
	Manufacture of basic iron and steel and of ferroalloys and first products thereof
	 

	71
	Re-processing of secondary steel into new steel
	 

	72
	Precious metals production
	 

	73
	Re-processing of secondary precious metals into new precious metals
	 

	74
	Aluminium production
	 

	75
	Re-processing of secondary aluminium into new aluminium
	 

	76
	Lead, zinc and tin production
	 

	77
	Re-processing of secondary lead into new lead, zinc and tin
	 

	78
	Copper production
	Metal ores

	79
	Re-processing of secondary copper into new copper
	Metal ores

	80
	Other non-ferrous metal production
	Metal ores

	81
	Re-processing of secondary other non-ferrous metals into new other non-ferrous metals
	Metal ores

	82
	Casting of metals
	Metal ores

	83
	Manufacture of machinery and equipment n.e.c. (29)
	 

	84
	Manufacture of office machinery and computers (30)
	 

	85
	Manufacture of electrical machinery and apparatus n.e.c. (31)
	 

	86
	Manufacture of radio, television and communication equipment and apparatus (32)
	 

	87
	Manufacture of medical, precision and optical instruments, watches and clocks (33)
	 

	88
	Manufacture of motor vehicles, trailers and semi-trailers (34)
	 

	89
	Manufacture of other transport equipment (35)
	 

	90
	Manufacture of tobacco products (16)
	Biomass

	91
	Manufacture of rubber and plastic products (25)
	Fossil fuels

	92
	Manufacture of fabricated metal products, except machinery and equipment (28)
	Metal ores

	93
	"Manufacture of furniture; manufacturing n.e.c. (36)"
	 

	94
	Recycling of waste and scrap
	 

	95
	Recycling of bottles by direct reuse
	 

	96
	Production of electricity by coal
	Fossil fuels

	97
	Production of electricity by gas
	Fossil fuels

	98
	Production of electricity by nuclear
	 

	99
	Production of electricity by hydro
	 

	100
	Production of electricity by wind
	 

	101
	Production of electricity by petroleum and other oil derivatives
	Fossil fuels

	102
	Production of electricity by biomass and waste
	Biomass

	103
	Production of electricity by solar photovoltaic
	 

	104
	Production of electricity by solar thermal
	 

	105
	Production of electricity by tide, wave, ocean
	 

	106
	Production of electricity by Geothermal
	 

	107
	Production of electricity nec
	 

	108
	Transmission of electricity
	 

	109
	Distribution and trade of electricity
	 

	110
	"Manufacture of gas; distribution of gaseous fuels through mains"
	Fossil fuels

	111
	Steam and hot water supply
	 

	112
	Collection, purification and distribution of water (41)
	 

	113
	Construction (45)
	 

	114
	Re-processing of secondary construction material into aggregates
	Non-metallic minerals

	115
	Sale, maintenance, and repair of motor vehicles, motor vehicles parts, motorcycles, motorcycles parts and accessories
	 

	116
	"Retail trade, except of motor vehicles and motorcycles; repair of personal and household goods (52)"
	 

	117
	Wholesale trade and commission trade, except of motor vehicles and motorcycles (51)
	 

	118
	Retail sale of automotive fuel
	Fossil fuels

	119
	Hotels and restaurants (55)
	 

	120
	Transport via railways
	 

	121
	Other land transport
	 

	122
	Sea and coastal water transport
	 

	123
	Inland water transport
	 

	124
	Air transport (62)
	 

	125
	"Supporting and auxiliary transport activities; activities of travel agencies (63)"
	 

	126
	Post and telecommunications (64)
	 

	127
	Financial intermediation, except insurance and pension funding (65)
	 

	128
	Insurance and pension funding, except compulsory social security (66)
	 

	129
	Activities auxiliary to financial intermediation (67)
	 

	130
	Real estate activities (70)
	 

	131
	Renting of machinery and equipment without operator and of personal and household goods (71)
	 

	132
	Other business activities (74)
	 

	133
	"Public administration and defence; compulsory social security (75)"
	 

	134
	Publishing, printing and reproduction of recorded media (22)
	 

	135
	Computer and related activities (72)
	 

	136
	Research and development (73)
	 

	137
	Education (80)
	 

	138
	Health and social work (85)
	 

	139
	Activities of membership organisation n.e.c. (91)
	 

	140
	Recreational, cultural and sporting activities (92)
	 

	141
	Other service activities (93)
	 

	142
	Extra-territorial organizations and bodies
	 

	143
	Private households with employed persons (95)
	 

	144
	Incineration of waste: Food
	Biomass

	145
	Incineration of waste: Paper
	Biomass

	146
	Incineration of waste: Plastic
	Fossil fuels

	147
	Incineration of waste: Metals and Inert materials
	Metal ores

	148
	Incineration of waste: Textiles
	Biomass

	149
	Incineration of waste: Wood
	Biomass

	150
	Incineration of waste: Oil/Hazardous waste
	Fossil fuels

	151
	Biogasification of food waste, incl. land application
	Biomass

	152
	Biogasification of paper, incl. land application
	Biomass

	153
	Biogasification of sewage sludge, incl. land application
	Biomass

	154
	Composting of food waste, incl. land application
	Biomass

	155
	Composting of paper and wood, incl. land application
	Biomass

	156
	Wastewater treatment, food
	 

	157
	Wastewater treatment, other
	 

	158
	Landfill of waste: Food
	Biomass

	159
	Landfill of waste: Paper
	Biomass

	160
	Landfill of waste: Plastic
	Fossil fuels

	161
	Landfill of waste: Inert/metal/hazardous
	Non-metallic minerals

	162
	Landfill of waste: Textiles
	Biomass

	163
	Landfill of waste: Wood
	Biomass


Source: Cabernard & Pfister (2021)
Note: Categorisation of industries under material groups based on authors’ discretion 

1.1. Description of the REX3 database 
The Resolved EXIOBASE3 database version 3 (REX3) is a global Multi-Regional Input-Output (MRIO) database designed to facilitate the mapping of supply chain impacts with exceptional regional, sectoral, and temporal precision and comprehensive environmental impact assessment 3. REX3 covers 189 countries and 163 sectors from 1995 to 2022, incorporating indicators to address critical environmental concerns outlined in the UN agenda. Previous iterations of REX have been described elsewhere 4, with a formal description of REX3 currently under review 3. REX3 builds upon EXIOBASE3 5,6 and integrates additional data from Eora26 7, FAOSTAT 8, and the BACI database9. This integration extends the spatial resolution to 189 individual countries while maintaining the high sectoral resolution of 163 sectors from EXIOBASE3. Production data from FAOSTAT and bilateral trade data from BACI are included for all biomass sectors, ensuring consistency with EXIOBASE3 when aggregated 4.
REX3 incorporates a comprehensive set of environmental indicators, including climate impacts, health impacts from particulate matter emissions 10, water stress 11,12, biodiversity loss from land occupation and land use change 13–15, and freshwater eutrophication. These indicators are implemented following UNEP-SETAC guidelines 16, with refinements for assessing climate and biodiversity impacts. Climate impact assessment in REX3 includes emissions from combustion, biogenic greenhouse gases, and emissions from land use change modelled using the Bookkeeping Land Use Emissions (BLUE) model (Hansis et al., 2015; 17,18. Biodiversity impact assessment utilises spatially resolved data from the Land-Use Harmonization 2 (LUH2) dataset and ecoregion-specific global species loss factors 19,20, allowing detailed evaluation of biodiversity losses and gains at a high spatial resolution 3. In addition to environmental impact assessment, REX3 includes socioeconomic indicators such as "workforce" and "value-added," implemented according to specified procedures 4. REX3 has been applied extensively to assess global and regional environmental impacts, including material resource production, consumption, and trade 21,22. The database includes a data visualiser allowing flexible downscaling of results to a country level, supporting applications such as country fact sheet creation (Cabernard et al., 2020). Following publication, the REX3 database will be open access, with provisions for early access under specific conditions. Efforts are ongoing to ensure the database remains current and supports sustainable decision-making into the future 3.
1.2. [bookmark: _Toc161013935]Raw material data under R-MRIO
The raw material extraction data utilised in constructing the R-MRIO database is primarily sourced from EXIOBASE that depends on data from official statistics and databases, including the British Geological Survey (BGS), the US Geological Survey (USGS), the International Energy Agency (IEA), and the Food and Agriculture Organization of the United Nations (FAO) 1,2,23. Metal extraction statistics are chiefly derived from the World Mineral Statistics database (BGS), International Minerals Statistics (USGS), and World Mining Data (Austrian Ministry for Economy and Labour). This study considers four material categories: biomass, non-metallic minerals, metals and fossil fuels (see Table S3-4). Biomass data for major crops is sourced from FAO statistics. Data on industrial minerals is obtained from the sources mentioned earlier, whereas construction minerals data, especially for non-OECD countries, is collated using a three-step methodology involving official statistics, USGS data, and GDP/capita data 24. Fossil fuel extraction and energy data are derived from IEA energy production statistics and balances and supplemented by USGS data. The allocation of domestic material extraction to specific industries in the EXIOBASE adheres to EUROSTAT's economy-wide material flow accounting (EW-MFA) methodology 25, forming the basis for raw material consumption-based footprint accounts and indicators.

Table S3. Material extensions of the R-MRIO database
	Material Category
	Materials

	Biomass
	cereals, n.e.c, fibres, fruits, grazed biomass, nuts, oil-bearing crops, other crop residues, other crops, n.e.c, other pulses, roots and tubers, spice - beverage - pharmaceutical crops, sugar crops, timber (industrial roundwood), tobacco, vegetables, wheat, wild fish catch, wood fuel and other extraction

	Fossil fuels
	anthracite, coking coal, crude oil, lignite (brown coal), natural gas, natural gas liquids, oil shale and tar sands, other bituminous coal, other sub-bituminous coal, peat

	Metals
	bauxite and other alu ores, chromium ores, copper ores, gold ores, iron ores, lead ores, manganese ores, nickel ores, other metal ores, platinum group metal ores, silver ores, tin ores, titanium ores, uranium ores, zinc ores

	Non-metallic minerals
	chalk, chemical minerals, construction sand gravel and crushed n.e.c, dolomite, fertiliser minerals n.e.c, gypsum, industrial sand and gravel, industrial minerals n.e.c, limestone, ornamental or building stone, other non-metallic minerals n.e.c, salt, specialty clays, structural clays

	R-MRIO classification
	EW-MFA categories

	
	Level 2

	
	Code
	Name

	Primary Crops - Rice
	A.1.1
	Crops (excluding fodder crops)

	Primary Crops - Wheat
	
	

	Primary Crops - Other cereals
	
	

	Primary Crops - Roots and tubers
	
	

	Primary Crops - Sugar crops
	
	

	Primary Crops - Pulses
	
	

	Primary Crops - Nuts
	
	

	Primary Crops - Oil crops
	
	

	Primary Crops - Vegetables
	
	

	Primary Crops - Fruits
	
	

	Primary Crops - Fibres
	
	

	Primary Crops - Other crops
	
	

	Crop Residues - Straw
	A.1.2
	Crop residues (used), fodder crops and grazed biomass

	Crop Residues - Other crop residues
	
	

	Fodder Crops - Fodder crops
	
	

	Grazing - Grazing
	
	

	Wood - Timber
	A.1.3
	Wood

	Wood - Other extractions
	
	

	Animals - Marine fish
	A.1.4
	Fish catch, aquatic plants/animals, hunting and gathering

	Animals - Inland water fish
	
	

	Animals - Other aquatic animals
	
	

	Metal Ores - Iron ores
	A.2.1
	Iron ores

	Metal Ores - Bauxite and aluminium ores
	A.2.2
	Non-ferrous metal ores

	Metal Ores - Copper ores
	
	

	Metal Ores - Lead ores
	
	

	Metal Ores - Nickel ores
	
	

	Metal Ores - Tin ores
	
	

	Metal Ores - Uranium and thorium ores
	
	

	Metal Ores - Zinc ores
	
	

	Metal Ores - Precious metal ores
	
	

	Metal Ores - Other metal ores
	
	

	Non-metallic minerals - Chemical and fertilizer minerals
	A.3.4
	Chemical and fertilizer minerals

	Non-metallic minerals - Clays and kaolin
	A.3.7
	Clays and kaolin

	Non-metallic minerals - Limestone, gypsum, chalk, dolomite
	A.3.2, A.3.6
	Chalk and dolomite; limestone and gypsum

	Non-metallic minerals - Salt
	A.3.5
	Salt

	Non-metallic minerals - Slate
	A.3.3
	Slate

	Non-metallic minerals - Other industrial minerals
	A.3.9
	Other non-metallic minerals n.e.c

	Non-metallic minerals - Building stones
	A.3.1
	Marble, granite, sandstone, porphyry, basalt, other ornamental or building stone (excluding slate)

	Non-metallic minerals - Gravel and sand
	A.3.8
	Sand and gravel

	Non-metallic minerals - Other construction minerals
	A.3.9
	Other non-metallic minerals n.e.c

	Fossil Fuels - Hard coal
	A.4.1
	Coal and other solid energy materials/carriers

	Fossil Fuels - Lignite/brown coal
	
	

	Fossil Fuels - Peat for energy use
	
	

	Fossil Fuels - Crude oil
	A.4.2
	Liquid and gaseous energy materials/carriers

	Fossil Fuels - Natural gas
	
	

	Fossil Fuels - Natural gas liquids
	
	



 Source: de Koning et al. (2015a)















	Table S4. Material categories and composition in R-MRIO compared to EW-MFA categorisation.

	Product code
	Product name
	R-MRIO material
	EW-MFA material

	p01.a
	Paddy rice
	Domestic Extraction Used - Primary Crops - Rice
	A.1.1 Crops (excluding fodder crops)

	p01.b
	Wheat
	Domestic Extraction Used - Primary Crops - Wheat
	A.1.1 Crops (excluding fodder crops)

	p01.c
	Cereal grains n.e.c
	Domestic Extraction Used - Primary Crops - Other cereals
Domestic Extraction Used - Primary Crops - Other crops
	A.1.1 Crops (excluding fodder crops)

	p01.d
	Vegetables, fruit, nuts
	Domestic Extraction Used - Primary Crops - Pulses
Domestic Extraction Used - Primary Crops - Nuts 
Domestic Extraction Used - Primary Crops - Oil crops
Domestic Extraction Used - Primary Crops - Vegetables
Domestic Extraction Used - Primary Crops - Fruits
Domestic Extraction Used - Primary Crops - Other crops 
	A.1.1 Crops (excluding fodder crops)

	p01.e
	Oil seeds
	Domestic Extraction Used - Primary Crops - Oil crops
	A.1.1 Crops (excluding fodder crops)

	p01.f
	Sugar cane, sugar beet
	Domestic Extraction Used - Primary Crops - Sugar crops
	A.1.1 Crops (excluding fodder crops)

	p01.g
	Plant-based fibres
	Domestic Extraction Used - Primary Crops - Oil crops
Domestic Extraction Used - Primary Crops - Fibres
Domestic Extraction Used - Primary Crops - Other crops
	A.1.1 Crops (excluding fodder crops)

	p01.h
	Crops n.e.c
	Domestic Extraction Used - Primary Crops - Other cereals
Domestic Extraction Used - Primary Crops - Roots and tubers
Domestic Extraction Used - Primary Crops - Sugar crops 
Domestic Extraction Used - Primary Crops - Fibres
Domestic Extraction Used - Primary Crops - Other crops
	A.1.1 Crops (excluding fodder crops)

	p01.i
	Cattle
	Domestic Extraction Used - Crop Residues - Straw
Domestic Extraction Used - Crop Residues - Other crop residues
Domestic Extraction Used - Fodder Crops - Fodder crops
Domestic Extraction Used - Grazing - Grazing
	A.1.2 Crop residues (used), fodder crops and grazed biomass

	p01.j
	Pigs
	N/A
	N/A

	p01.k
	Poultry
	N/A
	N/A

	p01.l
	Meat animals n.e.c
	N/A
	N/A

	p01.m
	Animal products nec
	N/A
	N/A

	p01.n
	Raw milk
	Domestic Extraction Used - Crop Residues - Straw
Domestic Extraction Used - Crop Residues - Other crop residues
Domestic Extraction Used - Fodder Crops - Fodder crops
Domestic Extraction Used - Grazing - Grazing
	A.1.2 Crop residues (used), fodder crops and grazed biomass

	p01.o
	Wool, silk-worm cocoons
	N/A
	

	p01.w.1
	Manure (conventional treatment)
	N/A
	

	p01.w.2
	Manure (biogas treatment)
	N/A
	

	p02
	Products of forestry, logging and related services
	N/A
	

	p05
	Fish and other fishing products; services incidental of fishing
	Domestic Extraction Used - Animals - Marine fish
Domestic Extraction Used - Animals - Inland water fish
Domestic Extraction Used - Animals - Other aquatic animals
	A.1.4 Fish catch, aquatic plants/animals, hunting and gathering

	p10.a
	Anthracite
	Domestic Extraction Used - Fossil Fuels - Hard coal
	A.4.1 Coal and other solid energy materials/carriers

	p10.b
	Coking Coal
	Domestic Extraction Used - Fossil Fuels - Hard coal
	A.4.1 Coal and other solid energy materials/carriers

	p10.c
	Other Bituminous Coal
	Domestic Extraction Used - Fossil Fuels - Hard coal
	A.4.1 Coal and other solid energy materials/carriers

	p10.d
	Sub-Bituminous Coal
	Domestic Extraction Used - Fossil Fuels - Hard coal
	A.4.1 Coal and other solid energy materials/carriers

	p10.e
	Patent Fuel
	N/A
	N/A

	p10.f
	Lignite/Brown Coal
	Domestic Extraction Used - Fossil Fuels - Lignite/brown coal
	A.4.1 Coal and other solid energy materials/carriers

	p10.g
	BKB/Peat Briquettes
	N/A
	N/A

	p10.h
	Peat
	Domestic Extraction Used - Fossil Fuels - Peat for energy use
	A.4.1 Coal and other solid energy materials/carriers

	p11.a
	Crude petroleum and services related to crude oil extraction, excluding surveying
	Domestic Extraction Used - Fossil Fuels - Crude oil
	A.4.2 Liquid and gaseous energy materials/carriers

	p11.b
	Natural gas and services related to natural gas extraction, excluding surveying
	Domestic Extraction Used - Fossil Fuels - Natural gas & 
	A.4.2 Liquid and gaseous energy materials/carriers

	p11. b.1
	Natural Gas Liquids
	Domestic Extraction Used - Fossil Fuels - Natural gas liquids
	A.4.2 Liquid and gaseous energy materials/carriers

	p11.c
	Other Hydrocarbons
	N/A
	

	p12
	Uranium and thorium ores
	Domestic Extraction Used - Metal Ores - Uranium and thorium ores
	A.2.2 Non-ferrous metal ores

	p13.1
	Iron ores
	Domestic Extraction Used - Metal Ores - Iron ores
	A.2.1 Iron ores

	p13.20.11
	Copper ores and concentrates
	Domestic Extraction Used - Metal Ores - Copper ores
	A.2.2 Non-ferrous metal ores

	p13.20.12
	Nickel ores and concentrates
	Domestic Extraction Used - Metal Ores - Nickel ores
	A.2.2 Non-ferrous metal ores

	p13.20.13
	Aluminium ores and concentrates
	Domestic Extraction Used - Metal Ores - Bauxite and aluminium ores
	A.2.2 Non-ferrous metal ores

	p13.20.14
	Precious metal ores and concentrates
	Domestic Extraction Used - Metal Ores - Precious metal ores
	A.2.2 Non-ferrous metal ores

	p13.20.15
	Lead, zinc and tin ores and concentrates
	Domestic Extraction Used - Metal Ores - Lead ores 
Domestic Extraction Used - Metal Ores - Tin ores
Domestic Extraction Used - Metal Ores - Zinc ores
	A.2.2 Non-ferrous metal ores

	p13.20.16
	Other non-ferrous metal ores and concentrates
	Domestic Extraction Used - Metal Ores - Other metal ores
	A.2.2 Non-ferrous metal ores

	p14.1
	Stone
	Domestic Extraction Used - Non-Metallic Minerals - Limestone, gypsum, chalk, dolomite 
Domestic Extraction Used - Non-Metallic Minerals - Slate
Domestic Extraction Used - Non-Metallic Minerals - Building stones
Domestic Extraction Used - Non-Metallic Minerals - Other construction minerals
	A.3.1 Marble, granite, sandstone, porphyry, basalt, other ornamental or building stone (excluding slate)
A.3.2 Chalk and dolomite
A.3.3 Slate
A.3.6 Limestone and gypsum
A.3.9 Other non-metallic minerals n.e.c

	p14.2
	Sand and clay
	Domestic Extraction Used - Non-Metallic Minerals - Clays and Kaolin
Domestic Extraction Used - Non-Metallic Minerals - Other industrial minerals
Domestic Extraction Used - Non-Metallic Minerals - Gravel and sand
Domestic Extraction Used - Non-Metallic Minerals - Other construction minerals
	A.3.7 Clays and kaolin
A.3.8 Sand and gravel
A.3.9 Other non-metallic minerals n.e.c

	p14.3
	Chemical and fertiliser minerals, salt and other mining and quarrying products n.e.c.
	Domestic Extraction Used - Non-Metallic Minerals - Chemical and fertiliser minerals
Domestic Extraction Used - Non-Metallic Minerals - Limestone, gypsum, chalk, dolomite
Domestic Extraction Used - Non-Metallic Minerals - Salt
Domestic Extraction Used - Non-Metallic Minerals - Other industrial minerals
	A.3.2 Chalk and dolomite
A.3.4 Chemical and fertiliser minerals
A.3.5 Salt
A.3.6 Limestone and gypsum
A.3.9 Other non-metallic minerals n.e.c

	p20
	Wood and products of wood and cork (except furniture); articles of straw and plaiting materials
	Domestic Extraction Used - Wood - Timber
	A.1.3 Wood


Source: de Koning et al. (2015a)




2. Input-output analysis 	Comment by Livia Cabernard: Could also be moved to SI
Input-output analysis (IOA), developed by 27 Leontief (1936) is a key tool for assessing the sustainability of industries/products and nations at multiple scales28. Based on supply and use tables (SUTs), IO tables document the financial and physical flows between economic sectors 29,30. National statistical agencies compile these SUT/IO tables following the UN's System of National Accounts 31. An MRIO table is derived when multiple national IO tables are linked by trade data 32. MRIO databases track intra- and inter-industry trade and final demand for goods and services within and across borders 33. These databases combined monetary and physical data to capture industry-specific production technologies and household consumption patterns34. Extended with satellite accounts, MRIO tables are used to assess the global supply chain impacts on emissions, resource use, and biodiversity 35,36. This analysis identifies environmental hotspots and displaced impacts of trade37,38. Some studies have deployed EE MRIO analysis to estimate and track the displacement of social and environmental impacts via trade and model the effects of future decarbonisation and sustainability pathways 39–41.	Comment by Livia Cabernard: twice
Whre ‘r’ and ‘n’ are the total count of regions and industries in REX. The REX3 data consists of four main blocks of data: direct requirement/technical coefficient (A), final demand (Y), environmental stressor (B) matrices, and output by industry (x) vector. ‘A’ represents the inter-industry supply chain structure revealing economic requirements of goods and services by industries from the same and other industries in the same country and other countries worldwide. This is derived from the transaction matrix (T) by normalising it to the total industry output x (). The Leontief inverse,  , captures the direct and indirect inputs required to satisfy one unit of final demand. 
Following the Leontief demand-pull model29, we used IO calculus on REX3 data to compute the raw material footprints (RMFs) of 51 African countries. We also aggregated the results for five African regions: Western, Eastern, Central, Northern, and Southern Africa, based on UN geographical classifications (see SI, Appendix A). The REX3 database classifies materials into four broad types: biomass, fossil fuels, metal ores, and nonmetallic minerals (see SI, Table S3). For MRIO analysis, we extracted the following three principal variables from the REX3 database:
T: The monetary interindustry transactions matrix with dimensions (r×n)-by-(r×n), containing interindustry domestic and trade-related intermediate demand for goods and services for all countries.
Y: Final demand matrix, depicting the final consumption of goods and services by countries with dimensions (r×n)–by–(r×k). To obtain the total final demand vector for each country,  Y, we sum the final demand across six categories (i.e., household consumption, non-profit institutions serving households, government spending, investment, changes in inventories, and acquisitions minus disposals of valuables). This reduces Y to a matrix Y* of dimension (r×n) by r given by .
Given that the focus of this study is on the material footprints of African demand, we disregard the columns of  that correspond to non-African countries by setting their values to zero. We then sum across the remaining columns to obtain the final demand vector 𝑦 specific to Africa, . The resulting vector y has the dimension (r×n) by 1, encapsulating aggregated final demand across all sectors for Africa.
Note that  and  consist of two components: domestically produced and consumed goods and services () and the final demand for imports (). Products produced domestically but consumed overseas are captured by . Similarly, A matrix contains domestic, import, and export blocks (). This MRIO structure differentiates material footprints within the consumption country's boundaries from those of displaced to producing/exporting regions.
x: the economic output per sector for all countries with dimension 1-by-(r×n) 
F: the raw material extraction matrix with dimensions (s)-by-(r×n)
: For all material categories and aggregate RMF, the household direct raw material extraction matrix with dimensions (r×n) × n.
Here, r=189 denotes the total number of regions, n=163 represents the number of products and services in the Eora database, k=6 signifies the number of final demand categories under REX3, and s=5 represents five material categories (biomass, metal ores, non-metallic minerals, and fossil fuels) and their aggregates (i.e., raw materials). From F, we derived the raw material extraction intensity matrix for each industry and country () by normalizing B by the output per industry (tonnes/million €).


3. [bookmark: _Toc161013936]The IPAT and STIRPAT models
The IPAT[footnoteRef:2] model, originally introduced by Ehrlich and Holden in the 1970s 42,43, is widely used to ascertain and elucidate the determinates of environmental pressures or ecological impacts (see Eq. S1). However, one limitation of the IPAT framework is its linear formulation and model specification, which makes it unsuitable for reflecting non-proportional and non-monotonic functional relations between its explanatory variables and environmental impacts 43,44. To surmount this weakness of the IPAT model, we deploy the stochastic STIRPAT model 45,46 as done in earlier studies (see 47 and 48). As shown in Eq. S2, the STIRPAT model is a multivariable non-linear equation obtained by imposing natural logarithms on the IPAT equation. [2:   Impact = Population × Affluence × Technology] 

= 		                                     (S1)
ln()=  +  ln() +  ln() +  ln() + 			                         (S2)
where ‘i’ represents ‘country i’( i=1,…,n(n=51) ), and t denotes the year(or time) period (t =1, …, T(T=21) ), IMPACT denotes the environmental pressure or impact, while ‘P’, ‘A’, ‘T’, and   represent the population, affluence, technology and a random disturbance term, respectively. A major advantage of using the STIRPAT model is that its logarithmic transformation of the IPAT model minimises the impact of large variations in the datasets of respective variables on the model results, the coefficients representing the causal effects 49. The changing demographics of countries play an important role in consumption patterns, which drive the environmental impacts of producing goods and services 47,50. Some authors have shown that urban areas with larger populations tend to have a higher demand for goods and services and environmental footprints controlling for income levels and the population of different age groups, among other factors 51,52. Other studies indicate that as economies become wealthier, ceteris paribus, they gravitate towards more energy-efficient options, thus reducing their fossil fuel consumption per unit of GDP 53,54. Other scholars have shown that the intensity of emissions tends to decline as countries adopt green technologies, even though, in some cases, total national pollution levels still rise 55. Some researchers highlight the stark inequalities in global environmental footprints stemming from differences in economic structures and the income levels of varied household groups with unique spending and consumption characteristics worldwide 56,57. 

4. [bookmark: _Toc161013937]Data and sources
Table S6 summarises all predictor variables under the study and their individual data sources and measurement units. Data for the predictors are collated from different publicly accessible data sources: the World Development Indicators (WDI) databank for mostly economic and socio-demographic data, the World Governance Indicators and the V-DEM dataset for data on governance and institutional variables (e.g., democracy, government effectiveness, etc.). The predictors in this study’s STIRPAT regression model fall under three categories: economic, socio-demographic, institutional and governance. We selected these predictors-based justifications from the existing literature on the determinants of nations' climate and environmental footprints and the authors' investigative curiosity about potential correlations between some indicators and raw material footprints 40,58–61.We also include data on the historical national greenhouse gas (GHG) emissions and energy use of African nations from the CIAT data set and the IEA and BP Statistical Review of World Energy reports, respectively. Data for each predictor is collected for the 51 African countries in our study from 1995 to 2015. It is important to note that no data exist for some variables and years (see Figure S1). Table S5-S8 in SI Excel presents the summary statistics of all variables for 1995 and 2018.
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Figure S1. Panel A: Share of missing data observations by predictor. Panel B: The bar graph represents the proportion of missing data within a dataset, categorised by feature importance and data quality for 1995-2018. The features are listed on the y-axis, and the number of missing rows is listed on the x-axis. Refer to Table S5-6 for the full names of the predictors’ acronyms.
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Figure S1. Panel A: Share of missing data observations by predictor. Panel B: The bar graph represents the proportion of missing data within a dataset, categorised by feature importance and data quality for 1995-2018. The features are listed on the y-axis, and the number of missing rows is listed on the x-axis. Each bar is colour-coded to indicate the data quality, where green represents 'Good', yellow 'OK', orange 'Bad', and red 'Remove'. The percentages indicate the cumulative missing data for each feature. Features with higher percentages of missing data are shown towards the bottom of the graph, indicating a potential need for data cleaning or imputation before further analysis. Refer to Table S5-6 for the full names of the predictors’ acronyms.

Table S5. Summary of predictors of the study’s regression models
	Dependent variables (tonnes/yr)
	 Data Source

	Biomass footprint
	Authors' calculation (based on Eq.1)

	Non-metallic material footprint
	Authors' calculation (based on Eq.1)

	Fossil fuel footprint 
	Authors' calculation (based on Eq.1)

	Metal ores footprints
	Authors' calculation (based on Eq.1)

	Total raw material footprint
	Authors' calculation (based on Eq.1)



Table S6. Summary of predictors of the study’s regression models
	 
	Dependent variable/Predictor (Unit of measurement)
	Acronym
	Description
	 Data Source

	1
	Biomass footprint (tonnes)
	cb_biomass
	 
	Authors' calculation

	2
	Non-metallic material footprint(tonnes)
	cb_constmat
	 
	Authors' calculation

	3
	Fossil fuel footprint (tonnes)
	cb_ffuel
	 
	Authors' calculation

	4
	Metal ores footprints(tonnes)
	cb_metals
	 
	Authors' calculation

	5
	Total raw material footprint(tonnes)
	cb_raw_materials
	 
	Authors' calculation

	6
	Per capita biomass footprint(tonnes)
	cb_biomass_pc
	 
	Authors' calculation

	7
	Per capita non-metallic material footprint(tonnes)
	cb_constmat_pc
	 
	Authors' calculation

	8
	Per capita fossil fuel footprint(tonnes)
	cb_ffuel_pc
	 
	Authors' calculation

	9
	Per capita metal ore footprint(tonnes)
	cb_metals_pc
	 
	Authors' calculation

	10
	Per capita raw material footprint(tonnes)
	cb_raw_materials_pc
	 
	Authors' calculation

	11
	Expenditure share of high technology in manufacturing expenditure 
	hightechexp_per_manuexp
	 
	World Development Indicators DataBank

	12
	Population 
	population
	 
	World Development Indicators DataBank

	13
	Population density (people per sq. km of land area)
	pop_dens
	 
	World Development Indicators DataBank

	14
	Urban population 
	urban_pop
	 
	World Development Indicators DataBank

	15
	Share of urban population in total population
	urbinpop
	 
	World Development Indicators DataBank

	16
	The population of young dependants (% of the population)
	pop_dep_ung
	 
	World Development Indicators DataBank

	17
	The population of old dependants (% of the population)
	pop_dep_old
	 
	World Development Indicators DataBank

	18
	Household size
	hh_size
	 
	The Global data lab area

	19
	Life expectancy (year count)
	life_Exp
	 
	World Development Indicators DataBank

	20
	Educational attainment, at least secondary or equivalent, population 25+, total (%) (cumulative)
	edu_up_sec
	 
	World Development Indicators DataBank

	21
	Educational attainment, at least post-secondary or equivalent, population 25+, total (%) (cumulative)
	edu_post_sec
	 
	World Development Indicators DataBank

	22
	Educational attainment, at least bachelor’s or equivalent, population 25+, total (%) (cumulative)
	edu_bach
	 
	World Development Indicators DataBank

	23
	Poverty headcount ratio at $1.90 a day (2011 PPP) (% of population)
	pov190_perpop
	 
	World Development Indicators DataBank

	24
	Poverty headcount ratio at $1.90 a day (2011 PPP) (% of population)
	povhc_perpop
	 
	World Development Indicators DataBank

	25
	Multidimensional poverty index
	pov_idx
	 
	World Development Indicators DataBank

	26
	Human Capital Index
	hci
	It measures the amount of human capital that a child born today can expect to achieve in view of the risks of poor health and poor education that prevail in the country where they live. The HCI is scaled between 0 and 1.
	The World Bank

	27
	Human Development Index (unitless)
	hdi
	The Human Development Index (HDI) measures development using health, education, and income metrics, ranging from 0 (low) to 1 (high development).
	World Development Indicators DataBank

	28
	Gross Domestic Product
	gdp
	 
	World Development Indicators DataBank

	29
	Per capita gross domestic product
	gdp_percap
	 
	World Development Indicators DataBank

	30
	Income of top-10 (% of GDP)
	incomeh10
	 
	World Development Indicators DataBank

	31
	Inflation, GDP deflator (annual %)
	gdp_infl_rate
	 
	World Development Indicators DataBank

	32
	Inflation
	infl_rate
	 
	World Development Indicators DataBank

	33
	Real effective exchange rate index
	rex_rate
	 
	World Development Indicators DataBank

	34
	Central government debt, total (% of GDP)
	debtgdp
	 
	World Development Indicators DataBank

	35
	External debt, total (% of GNI)
	extgdp
	 
	World Development Indicators DataBank

	36
	Central government debt, total (% of GDP)
	debtgdp
	 
	World Development Indicators DataBank

	37
	Total reserves (% of total external debt)
	tot_res_debt
	 
	World Development Indicators DataBank

	38
	Tax revenue (% of GDP)
	tax_rev_gdp
	 
	World Development Indicators DataBank

	39
	Tax revenue (current LCU)
	tax_rev
	 
	World Development Indicators DataBank

	40
	Total natural resources rents (% of GDP)
	nat_res_rent_gdp
	 
	World Development Indicators DataBank

	41
	Oil rents (% of GDP)
	oil_rent_gdp
	 
	World Development Indicators DataBank

	42
	Mineral rents (% of GDP)
	min_rent_gdp
	 
	World Development Indicators DataBank

	43
	Agriculture value added (% of GDP)
	agri_sgdp
	 
	World Development Indicators DataBank

	44
	Industry value added (% of GDP)
	ind_sgdp
	 
	World Development Indicators DataBank

	45
	Service value added (% of GDP)
	serv_sgdp
	 
	World Development Indicators DataBank

	46
	Manufacturing value added (% of GDP)
	manu_sgdp
	 
	World Development Indicators DataBank

	47
	Foreign direct investment, net inflows (% of GDP)
	fdi_gdp
	 
	World Development Indicators DataBank

	48
	Foreign direct investment (% of GDP)
	fdi_gdp
	 
	World Development Indicators DataBank

	49
	Foreign direct investment, net inflows (% of GDP)
	fdi_net_inflows
	 
	World Development Indicators DataBank

	50
	Foreign direct investment, net (BoP, current US$)
	fdi_bop
	 
	World Development Indicators DataBank

	51
	Electoral democracy index
	polyarchy
	Measures electoral aspects of democracy. Scale: 0 (low) to 1 (high).
	The V-Dem Dataset

	52
	Liberal democracy index
	libdem
	Assesses individual rights and rule of law. Scale: 0 (low) to 1 (high).
	The V-Dem Dataset

	53
	Accountability index
	accountability
	Gauges political accountability. Scale: 0 (low accountability) to 1 (high accountability).
	The V-Dem Dataset

	54
	Regimes of the World index
	regime
	Classifies regimes: full democracy to closed autocracy.
	The V-Dem Dataset

	55
	Rule of law index
	rule
	Measures legal equality and judiciary's discretion. Scale: 0 (low) to 1 (high).
	The V-Dem Dataset

	56
	Political corruption index
	corr
	Assesses public sector corruption. Scale: 0 (high corruption) to 1 (low corruption).
	The V-Dem Dataset

	57
	Regime Polity
	regime_polity
	The Polity Score captures this, which is a composite measure ranging from -10 (full autocracy) to +10 (full democracy). The score is determined by subtracting the autocracy score from the democracy score.
	Polity IV Project (Freedom House)

	58
	Democracy Polity
	democracy_polity
	Democracy is evaluated on a scale from 0 to 10, with 0 indicating no democratic features and 10 representing full democracy.
	Polity IV Project (Freedom House)

	59
	The Economist Intelligence Unit's Democracy Index
	democracy_eiu
	The Democracy Index ranges from 0 to 10: "full democracy" (8-10), "flawed democracy" (6-7.9), "hybrid regime" (4-5.9), "authoritarian regime" (0-3.9).
	World Development Indicators DataBank

	60
	Primary energy consumption (joules)
	prim_ene_cons
	 
	World Development Indicators DataBank

	61
	Per capita primary energy consumption (joules)
	pcap_pr_ene_cons
	 
	World Development Indicators DataBank

	62
	Energy use in kilotonnes of oil equivalent 
	ene_use_oil_eq_ktoe
	 
	International Energy Agency

	63
	Oil consumption (exajoules)
	oil_cons_ej
	 
	World Development Indicators DataBank

	64
	Total greenhouse gases including land use and land use change and forestry (Gigatons)
	tot_ghg_lucf
	 
	World Development Indicators DataBank

	65
	Energy related greenhouse gas emissions
	energy_mtco2e
	 
	Carbon Dioxide Information Analysis Center (CDIAC)

	66
	Primary energy consumption per GDP
	prim_ene_cons_per_gdp
	 
	Authors' calculation

	67
	Per capita consumption-based CO2 emissions
	co2_pcap_cons
	 
	Our World in data

	68
	Per capita carbon footprint
	carbonfp_pcap
	 
	Our World in data

	69
	Per capita territorial/production-based CO2 emissions
	co2_pcap_terr
	 
	Our World in data

	70
	Total greenhouse gas per energy consumption
	ghge_per_ene_cons
	 
	Authors' calculation 
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Figure S2. Correlation matrix of socio-economic and environmental indicators for the reference year 1995. The matrix presents Pearson correlation coefficients between pairs of variables, with coefficients ranging from -1 (perfect negative correlation, represented in red) to +1 (perfect positive correlation, represented in blue). Lighter shades indicate non-significant correlations, whereas darker shades denote significant correlations. Note: full names of all variables are available in Table S6

[image: A diagram of a graph

Description automatically generated with medium confidence]
Figure S3. Correlation matrix of socio-economic and environmental indicators for the reference year 2018. The matrix presents Pearson correlation coefficients between pairs of variables, with coefficients ranging from -1 (perfect negative correlation, represented in red) to +1 (perfect positive correlation, represented in blue). Lighter shades indicate non-significant correlations, whereas darker shades denote significant correlations. Note: full names of all variables are available in Table S6


Table S7. Descriptive statistics of Africa's economic, demographic, and raw material footprint indicators, 1995.
	Variable/Statistic
	Mean
	St. Dev.
	Min
	Pctl(25)
	Median
	Pctl(75)
	Max

	cb_biomass (kt)
	28,757
	57,686
	181
	5,165
	14,400
	26,122
	368,257

	cb_constmat (kt)
	6,448
	27,968
	23
	336
	969
	2,996
	186,600

	cb_ffuel (kt)
	8,804
	28,106
	73
	569
	2,875
	4,764
	186,695

	cb_metals (kt)
	9,200
	18,938
	68
	686
	2,865
	6,890
	111,335

	cb_raw_materials (kt)
	53,208
	109,311
	345
	11,171
	25,005
	44,596
	618,029

	cb_biomass_pc (t)
	2.54
	2.32
	0.01
	1.74
	2.13
	2.46
	12.57

	cb_constmat_pc (t)
	0.51
	0.96
	0.005
	0.08
	0.14
	0.28
	4.24

	cb_ffuel_pc (t)
	0.96
	1.69
	0.002
	0.12
	0.24
	0.97
	9.24

	cb_metals_pc (t)
	1.07
	1.63
	0.001
	0.15
	0.36
	1.19
	7.26

	cb_raw_materials_pc (t)
	5.077
	5.908
	0.015
	2.476
	2.922
	5.043
	29.388

	pb_biomass (kt)
	39,550
	69,811
	27
	9,023
	20,966
	41,149
	430,814

	pb_constmat (kt)
	8,342
	34,056
	17
	250
	1,149
	3,323
	213,299

	pb_ffuel (kt)
	13,829
	35,508
	51
	737
	3,316
	9,797
	210,167

	pb_metals (kt)
	13,993
	25,083
	68
	981
	4,413
	13,036
	108,243

	pb_raw_materials (kt)
	73,131
	129,861
	261
	17,566
	31,687
	60,122
	660,402

	pb_biomass_pc (t)
	2.70
	1.29
	0.36
	2.02
	2.65
	3.21
	8.31

	pb_constmat_pc (t)
	0.47
	0.95
	0.01
	0.03
	0.13
	0.43
	4.85

	pb_ffuel_pc (t)
	1.13
	1.89
	0.01
	0.09
	0.39
	1.25
	8.14

	pb_metals_pc (t)
	1.39
	2.38
	0.01
	0.12
	0.51
	1.67
	10.83

	pb_raw_materials_pc (t)
	5.48
	5.18
	1.00
	2.89
	3.50
	5.46
	25.34

	gdp
	2.02E+10
	4.01E+10
	3.53E+08
	2.14E+09
	5.01E+09
	1.66E+10
	1.93E+11

	gdp_percap
	1,094
	1,478
	130
	257
	489
	1,123
	7,181

	gdp_infl_rate
	66
	268
	-2
	7
	11
	29
	1,825

	infl_rate
	97.098
	419.779
	-0.244
	7.864
	10.563
	27.428
	2666.451

	population
	1.34E+07
	1.94E+07
	7.53E+04
	1.99E+06
	7.05E+06
	1.42E+07
	1.08E+08

	pop_dens
	63.98
	90.89
	1.95
	11.68
	36.26
	64.46
	552.93

	urban_pop
	4.47E+06
	7.01E+06
	3.74E+04
	5.44E+05
	1.56E+06
	5.45E+06
	3.48E+07

	urbinpop
	35.72
	16.40
	7.21
	23.27
	34.40
	43.97
	76.30

	agri_sgdp
	25.22
	14.52
	3.12
	13.47
	24.73
	37.28
	56.54

	ind_sgdp
	24.74
	11.44
	9.29
	15.37
	23.00
	30.41
	60.29

	serv_sgdp
	43.90
	9.99
	17.13
	37.73
	45.91
	50.34
	63.77

	manu_sgdp
	11.28
	6.13
	3.65
	7.75
	9.33
	14.59
	32.77

	pop_dep_ung
	84.67
	12.81
	41.37
	79.98
	87.43
	92.67
	109.17

	pop_dep_old
	6.32
	1.53
	4.13
	5.41
	5.91
	6.95
	11.65

	debtgdp
	99.25
	67.25
	10.97
	51.19
	82.63
	142.10
	232.94

	tot_res_debt
	34.72
	104.17
	0.14
	2.76
	11.10
	19.32
	654.74

	nat_res_rent_gdp
	13.62
	12.32
	0.01
	4.04
	9.43
	19.33
	50.14

	fdi_net_inflows_gdp
	3.14
	12.77
	-3.94
	0.18
	0.65
	2.11
	89.48

	oil_rent_gdp
	10.68
	13.20
	0.00
	0.28
	3.10
	17.71
	41.02

	min_rent_gdp
	0.44
	1.05
	0.00
	0.01
	0.04
	0.29
	4.61

	fdi_net_inflows_bop
	9.10E+07
	2.10E+08
	-1.95E+08
	2.18E+06
	1.69E+07
	1.12E+08
	1.25E+09

	fdi_gdp
	-3.70E+07
	2.69E+08
	-5.05E+08
	-1.20E+08
	-2.73E+07
	-6.43E+06
	1.25E+09

	hh_size
	8
	2
	5
	6
	7
	9
	13

	regime
	0.978  
	0.812
	0
	0
	1
	2
	3

	rule
	0.408  
	0.258
	0.02    
	0.159  
	0.391   
	0.63  
	0.907

	corr
	0.640
	0.218
	0.143   
	0.481  
	0.649   
	0.831
	0.958

	hdi
	0.442
	0.124
	0.238
	0.359
	0.435
	0.508
	0.694

	tot_ghg_lucf
	78
	109
	1
	13
	26
	95
	414

	energy_mtco2e
	23
	34
	1
	4
	9
	19
	132

	ene_use_oil_eq_ktoe
	10,689
	15,594
	782
	1,852
	6,342
	10,727
	73,693

	carbonfp_pcap
	3.02
	3.28
	1.00
	1.00
	2.00
	3.00
	14.00

	co2_pcap_cons
	2.5
	1.871
	1
	1.2
	2
	2.8
	6

	co2_pcap_terr
	3.167
	2.918
	1
	1
	2
	3.2
	10

	cons_emissions
	18.565
	53.302
	1
	2
	4
	8.5
	259

	terr_emissions
	19.441
	62.842
	1
	1
	2
	6.8
	360

	terr_emissions_per_gdp
	0.0004
	0.0004
	0.0001
	0.0002
	0.0003
	0.0005
	0.002

	tot_ghg_lucf_per_gdp
	0.007
	0.01
	0.001
	0.003
	0.004
	0.007
	0.058


Note: full names of all variables are available in Table S6

Table S8. Descriptive statistics of Africa's economic, demographic, and raw material footprint indicators, reference 2018.
	Variable/Statistic
	Mean
	St. Dev.
	Min
	Pctl(25)
	Median
	Pctl(75)
	Max

	cb_biomass
	48,968
	101,041
	1,033
	8,978
	26,088
	53,929
	668,614

	cb_constmat
	6,350
	14,424
	118
	801
	1,709
	5,262
	86,805

	cb_ffuel
	9,160
	16,133
	260
	1,452
	3,600
	8,840
	92,989

	cb_metals
	21,452
	34,030
	561
	2,175
	8,798
	19,936
	143,044

	cb_raw_materials
	85,930
	149,097
	2,049
	19,306
	42,235
	78,261
	890,587

	cb_biomass_pc
	2.93
	4.27
	0.03
	1.53
	2.11
	2.76
	26.42

	cb_constmat_pc
	0.47
	0.85
	0.004
	0.08
	0.14
	0.33
	3.92

	cb_ffuel_pc
	0.84
	1.63
	0.01
	0.14
	0.24
	0.77
	7.46

	cb_metals_pc
	1.71
	2.90
	0.02
	0.28
	0.65
	1.63
	13.40

	cb_raw_materials_pc
	5.954
	9.278
	0.054
	1.865
	3.489
	5.265
	50.213

	pb_biomass
	65,730
	115,351
	16
	13,959
	36,412
	66,329
	717,265

	pb_constmat
	10,257
	33,954
	6
	747
	1,901
	4,384
	211,057

	pb_ffuel
	18,823
	53,230
	13
	1,621
	4,124
	9,509
	325,045

	pb_metals
	24,677
	39,602
	26
	3,276
	8,335
	19,219
	167,622

	pb_raw_materials
	115,647
	188,853
	513
	23,465
	67,672
	117,469
	925,199

	pb_biomass_pc
	2.51
	1.19
	0.17
	1.92
	2.26
	2.93
	7.72

	pb_constmat_pc
	0.41
	0.71
	0.01
	0.03
	0.11
	0.57
	3.68

	pb_ffuel_pc
	0.81
	1.27
	0.02
	0.07
	0.23
	1.25
	5.67

	pb_metals_pc
	1.39
	1.97
	0.09
	0.15
	0.47
	2.28
	10.49

	pb_raw_materials_pc
	4.94
	3.84
	0.94
	2.71
	3.53
	6.09
	19.39

	gdp
	4.99E+10
	9.79E+10
	2.97E+08
	6.12E+09
	1.34E+10
	5.03E+10
	4.98E+11

	gdp_percap
	2754.66
	3342.603
	232.061
	766.282
	1507.782
	2940.047
	16411.92

	gdp_infl_rate
	10.64
	28.621
	-2.851
	1.621
	4.322
	8.453
	200.77

	infl_rate
	8.211
	14.648
	-2.815
	1.346
	4.272
	8.413
	83.502

	population
	2.40E+07
	3.47E+07
	9.68E+04
	2.70E+06
	1.25E+07
	2.88E+07
	1.98E+08

	pop_dens
	103.90
	131.64
	2.92
	24.14
	59.57
	108.16
	633.74

	urban_pop
	1.02E+07
	1.62E+07
	5.49E+04
	1.55E+06
	4.12E+06
	1.24E+07
	9.99E+07

	urbinpop
	45.86
	18.67
	13.03
	32.60
	43.44
	60.13
	89.37

	agri_sgdp
	17.94
	12.19
	1.42
	7.54
	18.89
	25.09
	58.93

	ind_sgdp
	25.75
	11.74
	5.27
	17.47
	24.01
	31.32
	57.30

	serv_sgdp
	49.71
	10.90
	32.35
	42.03
	50.45
	54.69
	81.98

	manu_sgdp
	10.94
	6.25
	2.10
	6.30
	9.51
	14.31
	29.03

	pop_dep_ung
	71.98
	18.07
	25.27
	60.84
	75.88
	84.16
	100.97

	pop_dep_old
	6.20
	2.07
	3.14
	5.02
	5.64
	6.70
	15.18

	debtgdp
	42.15
	21.50
	5.49
	32.69
	41.70
	57.24
	81.35

	tot_res_debt
	76.21
	245.91
	0.69
	17.62
	26.06
	46.44
	1530.22

	nat_res_rent_gdp
	9.28
	9.13
	0.00
	2.87
	6.26
	12.17
	42.67

	fdi_net_inflows_gdp
	3.64
	5.20
	-8.13
	1.37
	2.96
	4.27
	29.21

	oil_rent_gdp
	8.68
	11.66
	0.03
	0.27
	2.78
	16.28
	38.25

	min_rent_gdp
	1.47
	2.36
	0.02
	0.05
	0.42
	1.68
	8.21

	fdi_net_inflows_bop
	8.19E+08
	1.83E+09
	-6.46E+09
	1.04E+08
	4.08E+08
	9.72E+08
	8.14E+09

	fdi_gdp
	-6.33E+08
	1.68E+09
	-7.82E+09
	-8.83E+08
	-3.53E+08
	-1.12E+08
	6.46E+09

	hh_size
	5.889
	1.968
	3
	5
	6
	7
	13

	regime
	1.526
	0.647
	1
	1
	1
	2
	3

	rule
	0.440  
	0.257
	0.035   
	0.248  
	0.388   
	0.666
	0.904

	corr
	0.618  
	0.232
	0.149   
	0.435  
	0.657   
	0.801
	0.948

	democracy_eiu
	4.4
	1.676
	2
	3
	4
	5
	8

	hdi
	0.561
	0.107
	0.395
	0.489
	0.531
	0.617
	0.811

	carbonfp_pcap
	3
	3
	1
	1
	2
	3
	13

	co2_pcap_cons
	2
	2
	1
	1
	1
	2
	5

	co2_pcap_terr
	2.63
	2.34
	1.00
	1.00
	1.00
	3.00
	8.00

	cons_emissions
	30.333
	63.651
	2
	7.5
	12
	19.8
	311

	terr_emissions
	26.634
	72.463
	1
	2
	6
	16
	433

	terr_emissions_per_gdp
	0.0004
	0.0002
	0.0001
	0.0002
	0.0003
	0.001
	0.001




5. [bookmark: _Toc161013938]Regression analyses

5.1. [bookmark: _Toc161013939]Regression co-variates
[bookmark: 3.1.3_Main_independent_variables] The RMF, measured in metric tonnes and used as the dependent variable in our panel regression models, is analysed across 25 models to provide detailed results for individual material categories from both production and consumption perspectives. The RMFs of 51 African countries in the R-MRIO database are computed and obtained from Equation (1). To quantify the determinants of Africa’s RMF, we identified various socio-demographic, economic, institutional, energy and environmental indicators correlated with environmental footprints established in previous studies (Bjelle et al., 2021; Ivanova et al., 2017; Wiedmann et al., 2015b). We employ the LASSO, a machine learning technique, to select the predictors strongly influencing African RMFs. The panel regression model was meticulously developed here, drawing from a spectrum of regressors spanning socio-demographic, economic, and energy-environmental indicators. Socio-demographically, parameters such as population count, urban population, young dependant demographics, and population density were integrated. Economically, the model included GDP per capita (PPP-adjusted), sector-specific value additions (agriculture, industry, services), and revenue streams like oil and mineral rents as a GDP fraction. Other pivotal economic metrics were assimilated, including the Human Development Index, foreign direct investment metrics, income distribution data (highlighted by the top 10% income earners), the real effective exchange rate index, and the proportionate central government debt. For a rounded understanding of the governance matrix, indices on polyarchy (both additive and multiplicative), political corruption, rule of law, and accountability were encompassed. The model was further augmented with energy-use indicators, quantified in kilo tonnes of oil equivalent. Data for these regressors were extracted from multiple reputable sources, with the specific details enumerated in Table A4 in Appendix A.  

5.2. [bookmark: _Toc161013940]LASSO results
The least absolute shrinkage and selection operator (LASSO), originally introduced by 65, is a supervised regularisation technique in machine learning with more flexibility and advantages over linear regression models. LASSO is a linear regression model that places a penalty (also called a regularisation) on the l1-norm of each explanatory variable’s coefficient in the model's big regression coefficient vector; the penalty's size depends on the coefficient's magnitude. The l1-norm of a vector is the sum of the absolute values in that vector. Therefore, LASSO zeros out some coefficients in the regression coefficient vector while others are shrunk exactly to zero. To this end, LASSO is suitable for the automated elimination of variables and feature selection for high-dimensional datasets, reducing the bias of the model’s predictions and increasing its accuracy. LASSO produces simple or sparse models with few parameters by shrinking data values towards a central point as the mean. Thus, it handles high levels of multi-collinearity in linear regression models through variable selection/ elimination. LASSO regularisation prevents data from being overfitted, especially for trained and test data with high variations. Regularisation is implemented by adding a “penalty” term to the best fit derived from the trained data to achieve a lesser variance with the tested data and restricts the influence of predictor variables over the output variable by compressing their coefficients. In this study, we perform two LASSO regressions for our socio-economic, institutional, and governance variables, first on the CB RMF and then on the PB RMF. Following Tibshirani (1996), we deploy a LASSO regression model as follows:
Minimise  
	                		        (S3)
where  is the vector of the regression coefficients for , a vector of our regression models’ variables (see SI, Table S3). Lasso put penalties of the form λ on , for q≥0. Lasso regression corresponds to q=1, respectively. When the variable  is weakly related with Y, the lasso pulls  closer to zero faster than normal or ridge regression. Let , represent the absolute size of the least squares (LS) estimates. Values of  , cause shrinkage towards zero. If, for example,  the average shrinkage of the least squares coefficients is 50%. If λ is sufficiently large, some of the coefficients are driven to zero, leading to a sparse model. λ denotes the amount of shrinkage; λ = 0 implies all features are considered, and it is equivalent to the linear regression where only the residual sum of squares is considered to build a predictive model; λ = ∞ implies no feature is considered, i.e., as λ closes to infinity it eliminates more and more features. The bias increases with an increase in λ; variance increases with a decrease in λ. There is no analytic solution for the lasso because the solution is non-linear in Y. The entire path of lasso estimates for all values of λ can be efficiently computed by modifying the Least Angle Regression (LARS) algorithm 66. Given the high dimensionality of our panel data regarding the number of predictors, we deploy the lasso regression methods and select the predictors with the highest estimates for the study’s panel regression analysis. Figures S1 and S2 illustrate the ranking of predictors based on regression estimates from LASSO regression of all selected predictors on CB and PB RMF, respectively. Table 4 displays the chosen variables for our panel fixed effects regression model based on the results of the LASSO regressions. Of note, the importance of explanatory variables in explaining PB and CB RMF varies between MF indicators, resulting in a slightly different set of explanatory variables for the PB and CB RMF panel regression models. We utilise the R software to run both LASSO and panel regression models, and the codes are available upon request.

Table S9. Selected high-ranking explanatory variables based on the LASSO model results and used for the panel regression modelling
	 
	Explained/dependent variables
	Acronym

	 
	Consumption-based footprint
	Production-based footprint 
	in figures
	in manuscript

	1
	Population (count)
	 
	population
	POP

	2
	Population density (people per sq. km of land area)
	Population density (people per sq. km of land area)
	pop_dens
	POP-DENS

	3
	Household size (count)
	Household size (count)
	hh_size
	HHSIZE

	4
	Human Development Index (unitless)
	Human Development Index (unitless)
	hdi
	HDI

	5
	GDP per capita (USD PPP)
	GDP per capita (USD PPP)
	gdp_percap
	GDP/pc

	6
	Foreign direct investment (% of GDP)
	Foreign direct investment (% of GDP)
	fdi_gdp
	FDI

	7
	Agriculture value added (% of GDP)
	Agriculture value added (% of GDP)
	agri_sgdp
	AVA

	8
	Industry value added (% of GDP)
	 
	ind_sgdp
	IND-VA

	9
	Service value added (% of GDP)
	Service value added (% of GDP)
	serv_sgdp
	SVA

	 
	 
	Mineral rents (% of GDP)
	 
	MR-RENTS

	10
	Total natural resources rents (% of GDP)
	Total natural resources rents (% of GDP)
	nat_res_rent_gdp
	TR-RENTS

	11
	External debt, total (% of GNI)
	External debt, total (% of GNI)
	extdebt
	EXT-DEBT

	12
	Democracy index
	Democracy index
	democracy_eiu
	DEMI

	13
	Political corruption index
	Political corruption index
	corr
	CORR

	14
	Regimes of the World Index
	Regimes of the World Index
	regime
	ROWI

	15
	Per capita carbon footprint
	Per capita carbon footprint
	carbonfp_pcap
	CO2-FOOT/pc

	16
	 
	Per capita territorial/production-based CO2 emissions
	 
	PB-CO2

	17
	 
	Total GHG emissions, including 
Land Use, Land-Use Change and Forestry (LULUCF) per GDP (tonnes CO2-equivalent per USD)
	 tot_ghg_lucf_per_gdp
	GHG/GDP

	18
	Energy-use (oil-eq ktoe)
	Energy-use (oil-eq ktoe)
	ene_use_oil_eq_ktoe
	ENE-USE









[image: A blue and pink bars

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]
Figure S4. The rankings of predictors based on LASSO for per capita consumption-based raw material footprint. A complete list of predictors can be found in Table S4. Notably, the bottom figure demonstrates the stability of R² and the slight increase in RMSE with decreasing penalty values, affirming the reliability of our model performance.
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Figure S5. The rankings of predictors based on LASSO for (absolute) production-based raw material footprints. A complete list of predictors can be found in Table S4. The bottom figure shows that decreasing penalty parameters correlate with a marginal rise in RMSE but have minimal impact on R² in model evaluation.

5.3. Supplementary regression results 
[bookmark: _Hlk114934437]
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Figure S6. Relationship between per capita gross domestic product (income/wealth) and per capita consumption-based raw material footprint, 1995-2018.
[image: A diagram of a number of objects

Description automatically generated with medium confidence]
Figure S7. Relationship between Human Development Index (well-being) and per capita consumption-based raw material footprint, 1995-2018.
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Figure S8. Relationship between the Economist Intelligence Unit Democracy Index (well-being) and per capita consumption-based raw material footprint, 1995-2018.


Table S10. Panel fixed effects regression results: biomass and non-metallic minerals categories for per capita consumption-based footprints and components 
	  
	Dependent variable

	  
	Biomass
	Non-metallic minerals 


	Variable 
	CB RMF
	Domestic
	Imports
	CB RMF
	Domestic
	Imports

	Socio-demographic
	 
	 
	 
	 
	 
	 

	Population (count)
	-0.189***
(0.041)
	0.009
(0.017)
	-0.213***
(0.041)
	-0.222***
(0.060)
	0.035
(0.025)
	-0.282***
(0.056)

	Population density (people per sq. km of land area)
	0.245***
(0.054)
	-0.062***
(0.023)
	0.342***
(0.054)
	0.246***
(0.078)
	-0.064*
(0.033)
	0.336***
(0.073)

	Household size (count)
	-0.006
(0.015)
	0.018***
(0.006)
	-0.026*
(0.015)
	-0.030
(0.022)
	-0.005
(0.009)
	-0.025
(0.021)

	Human development index (unitless)
	-0.041**
(0.019)
	-0.018**
(0.008)
	-0.027
(0.019)
	0.051*
(0.027)
	0.007
(0.011)
	0.044*
(0.025)

	Economic 
	 
	
	
	
	
	

	GDP per capita (USD PPP)
	0.355***
(0.021)
	-0.007
(0.009)
	0.388***
(0.021)
	0.555***
(0.030)
	0.090***
(0.013)
	0.512***
(0.028)

	External debt (% of GNI)	
	0.001
(0.010)
	-0.007
(0.009)
	0.023**
(0.010)
	-0.004
(0.014)
	-0.029***
(0.006)
	0.030**
(0.013)

	Agriculture value added (% of GDP)
	0.056*
(0.029)
	0.057***
(0.012)
	-0.001
(0.029)
	-0.010
(0.041)
	0.029*
(0.018)
	-0.038
(0.039)

	Industry value added (% of GDP)
	-0.044*
(0.024)
	0.007
(0.010)
	-0.053**
(0.024)
	-0.137***
(0.035)
	-0.021
(0.015)
	-0.118***
(0.033)

	Service value added (% of GDP)
	0.019
(0.017)
	0.018**
(0.007)
	0.001
(0.017)
	0.005
(0.025)
	-0.007
(0.011)
	0.014
(0.023)

	Tot. nat. resources rents (% of GDP)
	-0.002
(0.017)
	-0.008
(0.007)
	0.005
(0.017)
	0.074***
(0.024)
	0.017*
(0.010)
	0.060***
(0.022)

	Institutional and governance
	 
	
	
	
	
	

	Regimes of the World Index
	-0.024*
(0.013)
	0.003
(0.006)
	-0.034***
(0.013)
	-0.017
(0.019)
	0.020**
(0.008)
	-0.043**
(0.018)

	Democracy index
	0.076***
(0.013)
	0.001
(0.006)
	0.083***
(0.013)
	0.057***
(0.019)
	-0.003
(0.008)
	0.066***
(0.018)

	Political corruption index
	-0.038*
(0.020)
	-0.041***
(0.008)
	0.006
(0.020)
	0.017
(0.029)
	0.030**
(0.012)
	-0.015
(0.027)

	Environment 
	 
	
	
	
	
	

	Energy-use (oil-equivalent ktoe)	
	-0.016
(0.022)
	-0.010
(0.009)
	-0.005
(0.022)
	-0.031
(0.031)
	0.020
(0.013)
	-0.055*
(0.029)

	Carbon footprint per capita (tonnes CO2-eq)
	0.115***
(0.023)
	0.050***
(0.010)
	0.070***
(0.023)
	0.257***
(0.033)
	0.183***
(0.014)
	0.079***
(0.031)

	Observations 
	1,224
	1,224
	1,224
	1,224
	1,224
	1,224

	R2 
	0.316
	0.228
	0.354
	0.393
	0.215
	0.370

	Adjusted R2 
	0.316
	0.185
	0.318
	0.359
	0.171
	0.335

	F Statistic 
	35.720*** (df = 15; 1158)
	22.793*** (df = 15; 1158)
	42.291*** (df = 15; 1158)
	49.927*** (df = 15; 1158)
	21.188*** (df = 15; 1158)
	45.436*** (df = 15; 1158)


Note: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors are shown in parentheses.
Source: based on authors’ regression modelling of Equation (2).

TableS11. Panel fixed effects regression results: fossil fuels and metals categories for per capita consumption-based footprints and components 
	  
	Dependent variable

	  
	Fossil fuels
	Metals

	Variable 
	CB RMF
	Domestic
	Imports
	CB RMF
	Domestic
	Imports

	Socio-demographic
	
	
	
	
	
	

	Population (count)
	-0.143***
(0.050)
	0.001
(0.030)
	-0.147***
(0.042)
	-0.160***
(0.049)
	-0.047
(0.029)
	-0.120***
(0.041)

	Population density (people per sq. km of land area)
	0.111*
(0.065)
	-0.034
(0.039)
	0.149***
(0.055)
	0.001
(0.065)
	-0.056
(0.038)
	0.059
(0.054)

	Household size (count)
	-0.012
(0.018)
	0.0001
(0.011)
	-0.011
(0.015)
	-0.030
(0.018)
	-0.010
(0.011)
	-0.021
(0.015)

	Human development index (unitless)
	-0.014
(0.023)
	-0.029**
(0.013)
	0.016
(0.019)
	0.073***
(0.022)
	0.019
(0.013)
	0.056***
(0.019)

	Economic 
	
	
	
	
	
	

	GDP per capita (USD PPP)
	0.228***
(0.025)
	-0.123***
(0.015)
	0.356***
(0.021)
	0.195***
(0.025)
	-0.089***
(0.015)
	0.298***
(0.021)

	External debt (% of GNI)	
	0.0005
(0.012)
	-0.021***
(0.007)
	0.022**
(0.010)
	-0.010
(0.012)
	-0.024***
(0.007)
	0.015
(0.010)

	Agriculture value added (% of GDP)
	-0.011
(0.035)
	0.001
(0.021)
	-0.011
(0.029)
	0.008
(0.034)
	0.023
(0.020)
	-0.013
(0.029)

	Industry value added (% of GDP)
	-0.091***
(0.029)
	-0.029*
(0.017)
	-0.063**
(0.024)
	-0.057**
(0.029)
	-0.007
(0.017)
	-0.051**
(0.024)

	Service value added (% of GDP)
	-0.001
(0.021)
	-0.023*
(0.013)
	0.023
(0.018)
	0.002
(0.021)
	-0.002
(0.012)
	0.005
(0.017)

	Tot. nat. resources rents (% of GDP)
	0.037*
(0.020)
	-0.014
(0.012)
	0.052***
(0.017)
	0.011
(0.020)
	-0.025**
(0.012)
	0.036**
(0.017)

	Institutional and governance
	
	
	
	
	
	

	Regimes of the World Index
	-0.002
(0.016)
	0.007
(0.010)
	-0.011
(0.013)
	0.004
(0.016)
	0.018**
(0.009)
	-0.016
(0.013)

	Democracy index
	0.052***
(0.016)
	-0.029***
(0.010)
	0.084***
(0.013)
	0.027*
(0.016)
	-0.042***
(0.009)
	0.073***
(0.013)

	Political corruption index
	0.082***
(0.024)
	0.054***
(0.014)
	0.033*
(0.020)
	0.002
(0.024)
	-0.020
(0.014)
	0.024
(0.020)

	Environment 
	
	
	
	
	
	

	Energy-use (oil-equivalent ktoe)	
	-0.040
(0.026)
	-0.020
(0.016)
	-0.021
(0.022)
	-0.025
(0.026)
	0.014
(0.015)
	-0.040*
(0.022)

	Carbon footprint per capita (tonnes CO2-eq)
	0.251***
(0.027)
	0.179***
(0.016)
	0.079***
(0.023)
	0.251***
(0.027)
	0.185***
(0.016)
	0.074***
(0.023)

	Observations 
	1,224
	1,224
	1,224
	1,224
	1,224
	1,224

	R2 
	0.150
	0.228
	0.337
	0.193
	0.170
	0.280

	Adjusted R2 
	0.102
	0.185
	0.300
	0.147
	0.124
	0.240

	F Statistic 
	13.613*** (df = 15; 1158)
	22.817*** (df = 15; 1158)
	39.233*** (df = 15; 1158)
	18.432*** (df = 15; 1158)
	15.865*** (df = 15; 1158)
	30.063*** (df = 15; 1158)


Note: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors are shown in parentheses.
Source: based on authors’ regression modelling of Equation (2).

TableS12. Panel fixed effects regression results: fossil fuels and metals categories for absolute (total) production-based footprints and components
	  
	Dependent variable

	  
	Fossil fuels
	Metals

	Variables 
	PB RMF
	Exports
	PB RMF
	Exports

	Economic
	 
	 
	 
	 

	Population density (people per sq. km)	
	0.003
(0.052)
	-0.033
(0.065)
	-0.023
(0.034)
	0.023
(0.044)

	Human development index (unitless)		
	-0.003
(0.018)
	0.028
(0.023)
	0.036***
(0.012)
	0.010
(0.016)

	Gross domestic product per capita (USD PPP)	
	0.103***
(0.021)
	0.097***
(0.026)
	0.104***
(0.014)
	0.124***
(0.018)

	Foreign direct investment (% of GDP)	
	0.008*
(0.004)
	0.004
(0.006)
	0.006*
(0.003)
	0.001
(0.004)

	External debt (% of GNI)	
	-0.025**
(0.010)
	-0.009
(0.013)
	-0.014**
(0.007)
	0.001
(0.009)

	Agriculture value added (% of GDP)
	0.007
(0.028)
	0.014
(0.035)
	0.051***
(0.019)
	0.026
(0.024)

	Industry, value added (% of GDP)
	0.007
(0.023)
	0.029
(0.029)
	0.077***
(0.016)
	0.043**
(0.020)

	Service value added (% of GDP)
	-0.015
(0.017)
	-0.003
(0.021)
	0.037***
(0.011)
	0.027*
(0.014)

	Total natural resources rents (% of GDP)
	0.034*
(0.018)
	0.036
(0.022)
	-0.029**
(0.012)
	-0.008
(0.015)

	Mineral rents (% of GDP)	
	0.009
(0.011)
	0.013
(0.014)
	0.295**
(0.133)
	0.019**
(0.009)

	Institutional and governance 
	
	
	
	

	Regimes of the World Index
	0.003
(0.013)
	0.020
(0.016)
	0.024***
(0.009)
	0.022**
(0.011)

	Democracy index
	0.016
(0.013)
	0.029*
(0.017)
	-0.025***
(0.009)
	0.024**
(0.011)

	Political corruption index
	0.050**
(0.020)
	0.026
(0.025)
	-0.014
(0.013)
	0.024
(0.017)

	Environment 
	
	
	
	

	Energy-use (oil-equivalent ktoe)
	0.137***
(0.021)
	0.145***
(0.026)
	0.066***
(0.014)
	0.044**
(0.018)

	Total GHG emissions, including LULUCF per GDP (Metric tonnes CO2-eq per USD)	
	-0.042**
(0.017)
	-0.046**
(0.021)
	-0.040***
(0.011)
	-0.043***
(0.014)

	Carbon footprint per capita (tonnes CO2-eq)
	0.046**
(0.022)
	-0.005
(0.028)
	0.039***
(0.015)
	-0.035*
(0.019)

	Observations 
	1,224
	1,224
	1,224
	1,224

	R2 
	0.111
	0.154
	0.195
	0.117

	Adjusted R2 
	0.060
	0.106
	0.149
	0.111

	F Statistic 
	8.526*** (df = 17; 1156)
	14.045*** (df = 15; 1158)
	16.512*** (df = 17; 1156)
	9.007*** (df = 17; 1156)


Note: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors are shown in parentheses.
Source: based on authors’ regression modelling of Equation (2).


TableS13. Panel fixed effects regression results: biomass and metals categories for absolute (total) production-based footprints and components
	  
	Dependent variable

	  
	Biomass
	Non-metallic materials

	Variables 
	PB RMF
	Exports
	PB RMF
	Exports

	Economic
	 
	 
	 
	 

	Population density (people per sq. km)	
	0.352***
(0.046)
	0.061*
(0.033)
	-0.107
(0.088)
	-0.099**
(0.043)

	Human development index (unitless)		
	0.058***
(0.017)
	0.073***
(0.012)
	0.084***
(0.031)
	0.043***
(0.015)

	Gross domestic product per capita (USD PPP)	
	0.051***
(0.018)
	-0.015
(0.013)
	0.192***
(0.043) 
	0.089***
(0.017)

	Foreign direct investment (% of GDP)	
	-0.012***
(0.004)
	-0.002
(0.003)
	-0.001
(0.007)
	0.002
(0.004)

	External debt (% of GNI)	
	-0.034***
(0.007) 
	-0.004
(0.006)
	-0.035**
(0.017)
	-0.006
(0.008)

	Agriculture value added (% of GDP)
	0.040
(0.025)
	0.004
(0.018)
	0.092*
(0.048)
	0.034
(0.023)

	Industry, value added (% of GDP)
	0.092***
(0.021)
	0.070***
(0.015)
	0.141***
(0.040)
	0.106***
(0.019)

	Service value added (% of GDP)
	0.028*
(0.015)
	0.001
(0.011)
	0.064**
(0.029)
	0.032**
(0.014)

	Total natural resources rents (% of GDP)
	-0.090***
(0.016)
	-0.064***
(0.011)
	-0.021
(0.030)
	0.012
(0.015)

	Mineral rents (% of GDP)	
	0.017*
(0.010)
	0.011
(0.007)
	0.035*
(0.019)
	0.015
(0.009)

	Institutional and governance 
	
	
	
	

	Regimes of the World Index
	0.036***
(0.012)
	-0.005
(0.008)
	0.075***
(0.022)
	0.026**
(0.011)

	Democracy index
	0.011
(0.012)
	0.014*
(0.008)
	-0.036
(0.022)
	-0.006
(0.011)

	Political corruption index
	-0.006
(0.017)
	-0.005
(0.012)
	-0.017
(0.033)
	-0.030*
(0.016)

	Environment 
	
	
	
	

	Energy-use (oil-equivalent ktoe)
	-0.162***
(0.019)
	0.028**
(0.013)
	0.158***
(0.035)
	0.131***
(0.017)

	Total GHG emissions, including LULUCF per GDP (Metric tonnes CO2-eq per USD)	
	--0.043***
(0.015)
	-0.032***
(0.011)
	-0.095***
(0.028)
	-0.068***
(0.014)

	Carbon footprint per capita (tonnes CO2-eq)
	0.028
(0.020)
	-0.001
(0.014)
	0.066*
(0.038)
	-0.031*
(0.019)

	Observations 
	1,224
	1,224
	1,224
	1,224

	R2 
	0.520
	0.167
	0.184
	0.224

	Adjusted R2 
	0.493
	0.118
	0.137
	0.179

	F Statistic 
	73.804*** (df = 17; 1156)
	13.586*** (df = 17; 1156)
	15.355*** (df = 17; 1156)
	19.648*** (df = 17; 1156)







6. Additional material footprint results
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Figure 9a. Spatial distribution of Africa's raw material footprint (RMF) in gigatonnes (Gt) (1995-2018). Panel A depicts consumption- and production-based RMF (see Table S1B for country names).  
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Figure 9b. Spatial distribution of Africa's domestic RMF and its RMF embodied in exports and imports in gigatonnes (Gt) (see Table S1B for country names). Panel B shows the domestic RMF and the RMF embodied in exports and imports.

Table S14. Per capita material footprint by footprint indicator and material
	 
	 
	1995
	2018
	1995
	2018
	1995
	2018
	1995
	2018
	1995
	2018

	Region
	footprint indicator
	biomass
	biomass
	fossil fuels
	fossil fuels
	metals
	metals
	non-metallic minerals
	non-metallic minerals
	raw materials
	raw materials

	Africa
	Consumption-based
	2.08
	1.92
	0.73
	0.41
	0.72
	0.96
	0.42
	0.25
	3.95
	3.54

	America
	Consumption-based
	6.44
	5.38
	3.60
	2.49
	4.66
	4.45
	2.08
	1.37
	16.78
	13.68

	Asia
	Consumption-based
	2.00
	2.76
	0.94
	1.74
	2.10
	4.52
	0.42
	1.25
	5.46
	10.26

	Europe
	Consumption-based
	4.85
	5.14
	3.79
	3.42
	5.95
	6.62
	0.84
	1.22
	15.44
	16.40

	Oceania
	Consumption-based
	10.47
	5.34
	6.89
	10.56
	4.31
	7.84
	8.31
	7.39
	29.98
	31.14

	Africa
	Domestic
	1.84
	1.53
	0.62
	0.19
	0.60
	0.57
	0.34
	0.13
	3.40
	2.42

	America
	Domestic
	5.17
	3.91
	2.89
	1.28
	3.84
	2.60
	1.50
	0.54
	13.41
	8.34

	Asia
	Domestic
	1.60
	1.95
	0.62
	0.96
	1.79
	3.29
	0.18
	0.51
	4.19
	6.70

	Europe
	Domestic
	2.83
	2.42
	2.44
	1.04
	4.47
	3.54
	0.19
	0.19
	9.93
	7.18

	Oceania
	Domestic
	8.63
	3.03
	5.31
	7.37
	2.56
	3.19
	7.02
	5.65
	23.52
	19.24

	Africa
	Exports
	0.87
	0.93
	0.35
	0.55
	0.32
	0.37
	0.13
	0.20
	1.66
	2.05

	America
	Exports
	1.40
	2.24
	0.52
	1.04
	0.68
	0.70
	1.06
	1.77
	3.67
	5.75

	Asia
	Exports
	0.42
	0.58
	0.36
	0.71
	0.35
	1.58
	0.14
	0.35
	1.27
	3.21

	Europe
	Exports
	0.99
	1.85
	0.92
	1.90
	1.25
	2.57
	0.30
	0.50
	3.46
	6.82

	Oceania
	Exports
	6.48
	9.40
	5.77
	17.04
	1.97
	4.00
	7.63
	37.96
	21.85
	68.41

	Africa
	Imports
	0.24
	0.39
	0.12
	0.22
	0.12
	0.39
	0.08
	0.12
	0.55
	1.12

	America
	Imports
	0.29
	0.33
	0.16
	0.27
	0.19
	0.41
	0.13
	0.18
	0.78
	1.19

	Asia
	Imports
	1.86
	4.98
	1.45
	4.79
	1.48
	7.58
	1.12
	4.52
	5.92
	21.87

	Europe
	Imports
	2.02
	2.73
	1.36
	2.38
	1.48
	3.08
	0.65
	1.03
	5.51
	9.22

	Oceania
	Imports
	1.84
	2.31
	1.58
	3.19
	1.75
	4.65
	1.29
	1.74
	6.46
	11.90

	Africa
	Production-based
	2.71
	2.47
	0.97
	0.74
	0.92
	0.94
	0.46
	0.33
	5.07
	4.47

	America
	Production-based
	6.57
	6.14
	3.41
	2.33
	4.52
	3.30
	2.57
	2.31
	17.07
	14.08

	Asia
	Production-based
	2.02
	2.53
	0.99
	1.67
	2.14
	4.86
	0.32
	0.86
	5.47
	9.91

	Europe
	Production-based
	3.82
	4.27
	3.35
	2.94
	5.72
	6.12
	0.49
	0.68
	13.39
	14.01

	Oceania
	Production-based
	15.11
	12.43
	11.08
	24.41
	4.53
	7.20
	14.65
	43.61
	45.37
	87.65

	World
	Consumption-based
	2.98
	3.21
	1.65
	1.81
	2.74
	4.12
	0.73
	1.12
	8.1
	10.26

	World
	Domestic
	2.28
	2.19
	1.17
	0.9
	2.23
	2.76
	0.41
	0.44
	6.1
	6.29

	World
	Exports
	0.7
	1.02
	0.47
	0.91
	0.51
	1.36
	0.32
	0.68
	2
	3.97

	World
	Imports
	0.7
	1.02
	0.47
	0.91
	0.51
	1.36
	0.32
	0.68
	2
	3.97

	World
	Production-based
	2.98
	3.21
	1.65
	1.81
	2.74
	4.12
	0.73
	1.12
	8.1
	10.26
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Figure S10. Per capita consumption-based raw material footprint by material type in 1995 (top) and 2018 (bottom) across African regions. The scatter plot shows the per capita footprint of imported biomass, non-metallic minerals, fossil fuels, and metals (tonnes) for African countries, with each coloured dot representing a specific country. Black dots indicate regional averages for comparison. See Table SXX for actual data points.
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Figure S11a. The per capita CB raw material footprint vs GDP per capita change for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S11b. The per capita CB biomass footprint vs. GDP per capita change for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S11c. The trajectory of per capita CB metal footprint vs. GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S8d. The trajectory of per capita CB non-metallic mineral footprint vs. GDP per capita change for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
[image: A graph with lines and dots

Description automatically generated]
Figure S11e. The per capita CB fossil fuel footprint vs. GDP per capita change for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 













6.2. [bookmark: _Toc161013943]Per capita domestic material footprint
 A. 
[image: A group of text on a white background

Description automatically generated]
B.
[image: A close-up of a computer screen

Description automatically generated]
Figure S12. Per capita domestic raw material footprint by material type in 1995 across African regions. The scatter plot shows the per capita footprint of imported biomass, non-metallic minerals, fossil fuels, and metals (tonnes) for African countries, with each coloured dot representing a specific country. Black dots indicate regional averages for comparison. See Table SXX for actual data points.
.
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Figure S13a. The per capita domestic raw material footprint trajectory to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018.
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Figure S13b. The per capita domestic biomass footprint vs. GDP per capita change for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S13c. The per capita domestic metal footprint trajectory to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S13d. The per capita domestic non-metallic mineral footprint change to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S13e. The per capita domestic fossil fuel footprint trajectory to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 

















6.3. [bookmark: _Toc161013944]Per capita material footprint embodied in imports
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Figure S14. Per capita raw material footprint embodied in imports by material type in 1995 across African regions. The scatter plot shows the per capita footprint of imported biomass, non-metallic minerals, fossil fuels, and metals (tonnes) for African countries, with each coloured dot representing a specific country. Black dots indicate regional averages for comparison. See Table SXX for actual data points.
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Figure S15a. The trajectory of per capita imported raw material footprint/raw material footprint embodied in imports to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018.
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Figure S15b. The trajectory of per capita imported biomass footprint to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S15c.The trajectory of per capita imported metal footprint to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S15d.The trajectory of per capita imported non-metallic mineral footprint to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
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Figure S15e. The trajectory of per capita imported fossil fuel footprint to GDP per capita for selected African countries between 1995 and 2018. Lines represent the trajectory of each country's raw material footprint relative to its economic development. Open circles mark the starting points in 1995, and the filled circles indicate the endpoints in 2018. 
















6.4. Country and region data: material footprints, productivity and greenhouse gas emissions by source sector
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Description automatically generated]Figure S16. Correlation Matrix of Material Footprints and Greenhouse Gas Emissions by Sector
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Figure S17. Shifts in domestic/imported biomass (Panel A) and fossil fuel (Panel B) footprint shares in CB footprints and exported shares in PB footprints across African subregions and countries from 1995 to 2018.
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Figure S18. Shifts in domestic/imported metal (Panel A) and non-metallic mineral (Panel B) footprint shares in CB footprints and exported shares in PB footprints across African subregions and countries from 1995 to 2018.
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Figure S19. African countries decoupling GDP from consumption-based raw material footprint (CB RMF) between 1995 and 2018.
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Figure S20. Change in African countries' material productivity (i.e., GDP/material footprint) (1995 and 2018). The vertical lines represent Africa's average material productivity for 1995 and 2018, respectively.
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Figure S21. Trends in consumption-based raw material footprint, domestic material consumption (here, domestic raw material footprint), production-based raw material footprint, and GDP for selected African countries from 1995 to 2018.

6.5. Mitigating material footprint and greenhouse gas emissions by industry 
Figure S20 depicts the annual trends in Africa’s RMFs and carbon emissions (in CO2 equivalents) across the various source sectors. Despite contributing only 4% of the global emissions, Africa remains highly vulnerable to climate change. South Africa, Egypt, Nigeria, and Algeria accounted for over 60% of Africa's emissions. Unsurprisingly, these countries were among the top contributors to Africa’s RMF (Figure 2). As Africa balances economic development and environmental stewardship, examining its RMF and emissions reveals the intricate link between sectoral emissions growth and resource use. From 1995 to 2018, Africa’s GHG emissions increased fivefold, and the CB RMF nearly tripled, highlighting the need for complementary decarbonisation and dematerialisation policies. Embracing sustainable practices, prioritising renewable energy, and improving resource efficiency are essential for aligning Africa's development with the global climate goals. 
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Description automatically generated]Figure S22. Trends in Africa's raw material footprint and greenhouse gas emissions by source sectors from 1995 to 2018. GDP is in constant 2005 prices. Sources: Minx et al. (2021)(GHG emissions), authors’ calculations (material footprints).


Africa’s GHG emissions surged across all sectors, notably the AFLOU, industry, and transport sectors. A sectoral analysis revealed agriculture and energy as Africa's primary GHG sources, consistent with rising biomass and fossil fuel footprints (Figure 7). Population growth and industrialisation on the continent could exacerbate emissions with policy interventions (Table 2). Our finding that biomass forms the largest share of Africa’s RMF underscore the importance of efficient resource use and sustainable agricultural practices that deliver food security, climate-resilient agriculture and decouple agricultural production from its related GHG emissions 68. In this regard, mechanising agriculture, improving yields, and efficient postharvest management are crucial in delivering such outcomes. Fossil fuels dominate Africa's energy mix 69 and comprise a considerable share of its PB RMF, positioning the region at a crossroads in the global energy transition. Amid the global shift to sustainable energy, Africa faces a dilemma between expanding fossil fuel production and transitioning to renewable energy 70. This dual challenge involves balancing immediate economic benefits from production against long-term adverse climate impacts. Advocates for renewables argue that reliance on fossil fuels exacerbates global warming, environmental degradation and neo-colonial economic patterns, emphasising the continent's rich renewable energy potential 71,72. Dematerialising Africa’s transport sector while mitigating its emissions calls for low-carbon public transport, providing the infrastructure that incentivises walking and cycling. Moreover, sustainable urban design, teleworking, and vehicle light-weighting can reduce material stock requirements, energy demands and GHG emissions 73. Sustainable mineral wealth use is vital for preventing mining communities' environmental degradation and social inequalities. Moreover, resource-linked international partnerships should prioritise fair trade, infrastructure investment, knowledge transfer, and workforce development. Adopting circular economy principles, green technologies, and sustainable lifestyles can potentially reduce Africa’s GHG emissions and material use. The African Circular Economy Alliance exemplifies these policies, with countries like South Africa, Rwanda, and Nigeria sharing knowledge and developing innovative and supportive frameworks 71.
Material and Ssector-specific policies tailored to the materials' economic drivers and environmental impacts are necessary toare of the essence to reduce Africa’s RMFs while decoupling Africa’s material consumption from economic growth. Africa's CB RMF revealed varied growth trends indicative of the continent's growing middle class and increased material consumption. The CB biomass footprint has steadily increased, reflecting the rising demand for food and biomass for non-food uses such as energy. Non-metallic minerals have shown significant growth since 1996, suggesting accelerated infrastructural development. The CB metal footprint expanded rapidly post-2000s despite fluctuations between 2014 and 2016, while the CB fossil fuel footprint has also shown a steady increase. Our findings underscore the need for sustainable production and consumption patterns, aligning with SDGs 8.4 and 12.2. HighUnsustainable levels of raw material consumption in the Global North fuel by raw materials supplied by the Global South, where Africa is a major raw material supplier, have pushed the world beyond safe planetary boundaries, leading to significant greenhouse gas emissions and biodiversity loss 74. This highlights the urgent need for dematerialisation and adoption of circular economy principles. With expanding economies and rising income levels, Africa risks mirroring these the unsustainable consumption patterns unless proactive measures are , barring proactive policy measures such as adopting circular economy principles taken towards dematerialisation and decarbonisation. Moreover, Decoupling economic growth from resource use and environmental impacts is essential for Africa's sustainable development. Global resource extraction has tripled in the past 50 years, primarily driven by high material consumption in wealthier nations, underscoring the urgent need for sustainable practices. Africa's rapid industrialisation and urbanisation, heavily reliant on raw materials, necessitates a shift towards systemic resource efficiency, byincluding reducing, reusing, and recycling materials(AfDB/OECD/UNDP, 2014). Decoupling economic growth from resource use and environmental impacts is essential for Africa's sustainable developmentThis approach will help that mitigates environmental degradation and support supports inclusive economic growth, thus aligning with global sustainability goals. Policymakers should focus on enhancing Africa's socio-economic conditions surrounding resource extraction in the agriculture and mining sectors, particularly by addressing for the displacement of settlements, land grabbing, and child labour in extractive industries, and promote and promoting equitable global partnerships and fair-trade agreements to ensure a just green transition. Africa must diversify its economy, invest in human capital, and improve its governance to escape the resource curse. Sustainable management of critical resources, such as cobalt and lithium, is crucial for leveraging wealth towards sustainable development, especially amid the global shift to renewable energy. Prioritising these strategies will enable Africa to balance economic growth with environmental stewardship, contributing to global efforts to mitigate climate change and biodiversity losses.


7. Uncertainty and limitations
Few global MRIO databases are available today for global raw material footprint analyses. These global MRIO databases vary in product/industry detail, geographical scope and extensions, data measurement units, and the years they cover 76,77. A characteristic drawback of most global MRIO databases like R-MRIO is that they often present data that is not up-to-date, raising concerns about their relevance for decision-support and policy applications addressing contemporary economic and environmental challenges. Moreover, outdated MRIO tables may not reflect new products and technologies, the effect of exogenous shocks (e.g., wars, pandemics) or interventions on production and consumption. Like financial reports, MRIO tables present annual inter-industry transactions and final consumption in a particular country; it points to their static nature, making them only applicable to measuring consumption’s social and environmental pressures in the retrospective years. In this study, we deployed the R-MRIO database from 1995 to 2015 in our footprint computations. Recent developments in MRIO database construction mean a few global MRIO databases exist from past years to date. Today, developers build more recent global MRIO tables using the nowcasting technique, which uses historical macroeconomic data and production recipes of countries/regions to make predictions of technical coefficients, production, trade and consumption. Only recently has the R-MRIO database been expanded to cover 1995 to 2022. While having current global MRIO databases is a step forward in the IO field, one of the leading emerging concerns is the reliability and uncertainty related to the ‘nowcasted’ data points. However, when writing this paper, the latest version of the database was for 2015. Although the current study was undertaken from 1995 to 2018, the findings certainly add to our understanding of Africa’s raw material footprint trends, which are indispensable for decoupling resource use from population and economic growth.
This study's major limitation is the R-MRIO database's highly aggregated sectoral resolution. We have applied the Eora26, which uses a harmonised sectoral classification for all countries represented in Eora, adding up to 26 sectors per country. Several studies have addressed the so-called aggregation bias associated with the lack of detailed products/industries in the MRIO database that distort the Leontief inverse multipliers 78–81. Since monetary IO tables are founded on economic principles, their broad sectoral groupings make it difficult/impossible for users to distinguish the environmental footprint results of environmentally intensive sectors from others considered under the same industry category 82. Moreover, highly aggregated IO tables can be a source of uncertainty by underrepresenting the differences between firms in the same industry by presenting weighted averages of their production recipes. For example, the 26 sectors of Eora26 include the mining and quarrying sector. This sector can be further disaggregated into detailed and specific “precious metals” or the “other non-ferrous metals” sectors with varying material extraction profiles and material footprints. Recent studies assess and compare the material footprint deviations from applying MRIO models with different levels of sectoral aggregation 83,84. Notwithstanding, there are promising ongoing efforts in the IO community to provide MRIO databases with a finer resolution for primary and manufacturing sectors that are typically heterogeneous and whose disaggregation has been called to the attention of researchers to support climate policy interventions 85–87. A key downside of compiling highly detailed MRIO databases is its data-intensive and time-consuming nature and the sensitive assumptions required to reconcile data inputs from different classifications and sources while balancing the IO table.
Another source of uncertainty concerning using MRIO frameworks for material footprint assessment is the material extraction extensions of EE MRIO databases. A growing number of studies highlight the implausible allocation of materials to individual sectors in the IO table, which highly aggregated sectors may complicate, leading to unreliable material footprint outcomes. Schaffartzik et al. (2015) illustrate the challenge of allocating natural resources (e.g., grass and crop residues) to distinguished livestock sectors within the monetary and physical IO frameworks. Other scholars systematically address the expansion of the material extraction satellite accounts to cover data on highly detailed material types necessary for understanding the diversity and evolution in the composition of and aggregate material requirements of industries and households for effective SDG and circular economy policy initiatives 89,90. The current study is based on an environmental extension with only 36 material types. Therefore, further research might explore the material satellite accounts that provide additional material types, such as the GLORIA and Eurostat Raw Material Equivalent models with >56 material types 89,91.   
Finally, besides South Africa, most IO tables of other African nations under R-MRIO are not based on IO tables published originally by African statistical agencies. Most African countries do not publish IO tables or have produced IO tables that lag for at least 8-10 years. 92 constructed the IO proxy tables of African countries lacking IO data using an iterative imputation method underpinned by their macroeconomic data combined with the weighted average of IO tables of countries like China, Australia, Japan and the USA. Further explanations of the imputation method based on specific optimisation procedures are documented by 93. The quantified uncertainties of the data points of such tables are available on the R-MRIO website to allow users to assess the reliability of the raw national and global statistics and imputed IO data for countries with missing IO tables. However, the database’s uncertainties illustrated by diagnostic images have been assumed to be relatively unchanging over time. More work is needed to address those sources of uncertainty. 
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