Appendix A: Data References
	Variable category
	Variable
	Time Range
	Data Source

	Consumption
	World copper consumption by application (Construction, Electrical, Industrial, Transport, Other; 000 metric ton)
	1960-2022
	(CRU Group 2023a; International Copper Study Group 2010)

	Consumption
	U.S. copper consumption by application (Building Construction, Electrical and Electronic Products, Industrial Machinery and Equipment, Transportation Equipment, Consumer and General Products; metric ton)
	2003-2022
	(Copper Development Association Inc. 2024)

	Consumption
	World silver fabrication demand by-application (Jewelry, Electrical/Electronics, Photography, Coins & Medals, Other fabrication; metric ton)
	1990-2022
	(CRU Group 2023b)

	Consumption
	World platinum consumption (000oz)
	1975-2023
	(Johnson Mattey 2024)

	Consumption
	World rhodium consumption (000oz)
	1985-2023
	(Johnson Mattey 2024)

	Consumption
	World total rare earth oxide (TREO) consumption
	1970-2023
	(Zhou et al. 2017; Jackson and Christiansen 1993; Project Blue 2024a)

	Consumption
	World total rare earth oxide (TREO) consumption by application (Catalytic Converters, Glass Polishing & Ceramics, Metallurgy, FCCs, Magnets, Lighting, Other)
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World La consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Ce consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Pr consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Nd consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Sm consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Eu consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Gd consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Tb consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Dy consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Ho consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Er consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Tm consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Yb consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Lu consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	World Y consumption
	1970-2023
	 Authors' calculation (Refer to Appendix B)

	Consumption
	NdFeB alloy demand (metric ton of magnet alloy)
	2012-2022
	Authors' calculation

	Consumption
	U.S. hafnium consumption
	1959-2023
	(U.S. Geological Survey 2024)

	Consumption
	U.S. titanium dioxide pigment apparent consumption (metric tons gross weight)
	1950-2023
	(U.S. Geological Survey 2024)

	Consumption
	Chromium demand by application (Stainless steel, Alloy steels, Chemicals, Non-ferrous alloys, Foundry, Refractories; kilo ton Cr)
	2010-2023
	(Project Blue 2024b)

	Consumption
	Synthetic graphite demand by application (Batteries, Electrodes, Refractories, Recarburising, Lubricants, Foundries, Graphite shapes, Friction products, Other; kilo ton content)
	2010-2023
	(Project Blue 2024c)

	Consumption
	Molybdenum demand by application (Structural & Engineering, Stainless, Alloy tool & high speed, Super alloy, Mo metal, Cast Iron, Chemicals; kilo ton content)
	2011-2023
	(Project Blue 2023, 2024d)

	Consumption
	Palladium consumption by application (Auto including pollution, Chemical, Electrical & Electronics, Jewelry, Other including Dental & Biomedical; 000 oz)
	2005-2023
	(Johnson Mattey 2024)

	Consumption
	Platinum consumption by application (Chemical, Dental & Biomedical, Electrical & Electronics, Glass, Jewelry, Petroleum, Other including Auto and Pollution Control; 000 oz)
	2005-2023
	(Johnson Mattey 2024)

	Consumption
	Niobium consumption by application (Steel, Chemicals, Superalloys, Metal forms, sputtering targets, and Superconductors, specialty/HP alloys; metric ton)
	2002-2023
	(Roskill Information Services Ltd. 2018a, 2020a; Project Blue 2024e)

	Consumption
	World tantalum consumption by application (Capacitors, Chemicals, Ingots/Alloy additives, Mill products, Sputtering Targets, Carbides; metric ton)
	1995-2022
	(Roskill Information Services Ltd. 2009, 2012, 2018b, 2020b)

	Consumption
	U.S.
	2002-2020
	(Padilla and Nassar 2023)

	Price
	Lithium price (global average, US$ per metric ton)
	1952-2023
	(U.S. Geological Survey 2013; S&P Global Market Intelligence 2024a; Industrial Minerals)

	Price
	U.S. Crude Oil First Purchase Price (US$ per Barrel)
	1859-2023
	(U.S. Energy Information Administration 2024a)

	Price
	Manganese content price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	U.S. cobalt spot prices (US$ per metric ton)
	1937-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Nickel price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Copper price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Natural graphite price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Gallium price (Low-purity, US$ per metric ton)
	1943-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Zinc price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Silicon price (US cents per pound)
	1945-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Bauxite price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Germanium metal price (US$ per kilogram)
	1945-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Tantalum price (US$ per kilogram Ta content)
	1940-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Niobium price (65% Nb FOB US warehouse $/kg)
	1940-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Vanadium pentoxide price (annual average, US$ per pound)
	1959-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Iron ore price (average unit value reported by mines, US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Iridium price (annual average, US$ per troy ounce)
	1911-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Palladium price (annual average, US$ per troy ounce)
	1911-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Platinum price (annual average, US$ per troy ounce)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Rare Earth Elements price (US $ per metric ton)
	1970-2023
	(U.S. Geological Survey 2024, 2013; Asian Metals 2025)

	Price
	Rhodium price (annual average, US$ per troy ounce)
	1930-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Ruthenium price (annual average, US$ per troy ounce)
	1930-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Titanium price (rutile concentrate, US$ per metric ton)
	1941-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Titanium price (sponge, US$ per metric ton)
	1941-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Antimony metal price (US $ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Gold price (US $ per metric ton)
	1968-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Aluminum price (annual average primary, US$ per kilogram)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Alumina price (unit value, US$ per ton)
	1961-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Silver price
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	U.S. gasoline price
	1976-2023
	U.S. Energy Information Administration (2024b)

	Price
	Lead price (producer price, $/metric ton)
	1909-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Tin price (producer price, $/metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Arsenic price (US$ per metric ton)
	1959-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Ferrochromium price (US$ per metric ton Cr content)
	1947-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Molybdenum price ($/metric ton)
	1912-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Barite price (unit value of US imports, US$ per metric ton)
	1928-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	 Fluorspar price (weighted average of metallurgical grade and Acid grade unit values of U.S. imports)
	1932-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Beryllium metal price (US$ per pound)
	1947-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Helium price (US$ per metric ton)
	1938-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Magnesium price (metal ingot, US$ per metric ton)
	1915-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Magnesium compounds price (unit value of import, US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Potash price (fob mine; 60% K2O; US $ per metric ton of K2O equivalent)
	1941-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Silicon metal price (US$ per metric ton)
	1959-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Ferrosilicon price (50% Ferro-silicon, US$ per metric ton elemental)
	1959-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	U.S. Natural Gas Wellhead Price (US$ per Thousand Cubic Feet)
	1922-2023
	U.S. Energy Information Administration (2024d)

	Price
	Natural gas price (US$ per MMBtu)
	1960-2024
	World Bank Group (2024f)

	Price
	Phosphate rock price (US$ per metric ton)
	1960-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Nitrogen price (US$ per metric ton)
	1950-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Feldspar price (unit value of production, US$ per metric ton)
	1950-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Tungsten price (US$ per metric ton)
	1959-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Zirconium ores and concentrates price (gross weight, US$ per metric ton)
	1928-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Indium price (US$ per metric ton)
	1936-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Cadmium metal price (US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Bismuth price (US$ per metric ton)
	1906-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Bromine price (elemental, import cif)
	1943-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Boron price per (borate compounds, US$ per metric ton B2O3 content, cif)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Rhenium price (US$ per metric ton)
	1942-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Hafnium unwrought price (US$ per metric ton)
	1961-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Gypsum price (FOB U.S. mine unit value, crude, US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Lutetium oxide price (US$ per metric ton)
	1969-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Thulium oxide price (US$ per metric ton)
	1970-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Iodine price (crude I2, average cif value, US$ per metric ton)
	1970-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Natural scrap and flake mica price (U.S. unit value, US$ per metric ton)
	1923-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Natural mica sheet price (U.S. unit value, US$ per metric ton)
	1900-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Selenium price (US$ per metric ton)
	1911-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Strontium compounds, metal, and minerals price (unit value of import, US$ per metric ton)
	1917-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Tellurium price (US$ per metric ton)
	1960-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Titanium dioxide pigment price (U.S. unit value, US$ per metric ton)
	1939-2023
	(U.S. Geological Survey 2024, 2013)

	Price
	Petroleum coke price (unit value of import, US$ per metric ton)
	1990-2024
	Global Trade Tracker (2025)

	Production
	World lithium production (metric ton LCE, excluding USA)
	1925-2023
	 (U.S. Geological Survey 2024)

	Production
	Raw steel production (metric ton)
	1943-2023
	 (U.S. Geological Survey 2024)

	Production
	World manganese production (metric ton Mn content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World cobalt mine production (metric ton Co content)
	1901-2023
	 (U.S. Geological Survey 2024)

	Production
	World cobalt refinery production (metric ton Co content)
	1968-2023
	 (U.S. Geological Survey 2024)

	Production
	World nickel mine production (metric ton Ni content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World copper mine production (metric ton Cu content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World copper refinery production (metric ton Cu content)
	1960-2023
	(CRU Group 2023a; International Copper Study Group 2010)

	Production
	World natural graphite production (metric ton gross weight, excluding USA)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World gallium production
	1973-2023
	 (U.S. Geological Survey 2024)

	Production
	World zinc mine production (metric ton)
	1945-2023
	 (U.S. Geological Survey 2024)

	Production
	World bauxite production (metric ton gross weight, excluding USA)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World germanium refinery production (metric ton)
	1957-2023
	 (U.S. Geological Survey 2024)

	Production
	World tantalum production (metric ton Ta content)
	1969-2023
	 (U.S. Geological Survey 2024)

	Production
	World niobium production (metric ton Nb content)
	1964-2023
	 (U.S. Geological Survey 2024)

	Production
	World vanadium production (metric ton V content)
	1960-2023
	 (U.S. Geological Survey 2024)

	Production
	Crude steel production in electric arc furnaces
	2002-2023
	(World Steel Association 2024)

	Production
	World iron ore production (metric tons gross weight)
	1904-2023
	 (U.S. Geological Survey 2024)

	Production
	World tin production (metric tons tin content, excluding USA)
	1905-2023
	 (U.S. Geological Survey 2024)

	Production
	Australia lithium mine production (metric tons gross weight)
	1982-2023
	 (U.S. Geological Survey 2024)

	Production
	South Africa titanium slag production (metric tons gross weight)
	1990-2020
	 (U.S. Geological Survey 2024)

	Production
	South Africa platinum production 
	1925-2023
	 (U.S. Geological Survey 2024)

	Production
	World ruthenium production
	1964-2023
	(U.S. Geological Survey 2024)

	Production
	World iridium production
	1910-2023
	(U.S. Geological Survey 2024)

	Production
	World platinum secondary production (000oz)
	1982-2023
	(Johnson Mattey 2024)

	Production
	World palladium secondary production (000oz)
	1984-2023
	(Johnson Mattey 2024)

	Production
	World rhodium secondary production (000oz)
	1985-2023
	(Johnson Mattey 2024)

	Production
	South Africa rhodium production (000oz)
	1964-2023
	(Johnson Mattey 2024)

	Production
	Russia rhodium production (000oz)
	1964-2024
	(Johnson Mattey 2024)

	Production
	South Africa platinum production (000oz)
	1961-2025
	(Johnson Mattey 2024)

	Production
	Russia platinum production (000oz)
	1961-2026
	(Johnson Mattey 2024)

	Production
	World antimony production (metric tons Sb content, excluding USA)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	China iron ore production (gross weight, 000 metric tons)
	1968-2023
	 (U.S. Geological Survey 2024)

	Production
	World total petroleum and other liquids production (Mb/d)
	1980-2023
	(U.S. Energy Information Administration 2024a)

	Production
	World total rare earth oxide (TREO) production
	1970-2023
	(U.S. Geological Survey 2024)

	Production
	World La production
	1970-2024
	 Authors' calculation (Refer to Appendix B)

	Production
	World Ce production
	1970-2025
	 Authors' calculation (Refer to Appendix B)

	Production
	World Pr production
	1970-2026
	 Authors' calculation (Refer to Appendix B)

	Production
	World Nd production
	1970-2027
	 Authors' calculation (Refer to Appendix B)

	Production
	World Sm production
	1970-2028
	 Authors' calculation (Refer to Appendix B)

	Production
	World Eu production
	1970-2029
	 Authors' calculation (Refer to Appendix B)

	Production
	World Gd production
	1970-2030
	 Authors' calculation (Refer to Appendix B)

	Production
	World Tb production
	1970-2031
	 Authors' calculation (Refer to Appendix B)

	Production
	World Dy production
	1970-2032
	 Authors' calculation (Refer to Appendix B)

	Production
	World Ho production
	1970-2033
	 Authors' calculation (Refer to Appendix B)

	Production
	World Er production
	1970-2034
	 Authors' calculation (Refer to Appendix B)

	Production
	World Tm production
	1970-2035
	 Authors' calculation (Refer to Appendix B)

	Production
	World Yb production
	1970-2036
	 Authors' calculation (Refer to Appendix B)

	Production
	World Lu production
	1970-2037
	 Authors' calculation (Refer to Appendix B)

	Production
	World Y production
	1970-2038
	 Authors' calculation (Refer to Appendix B)

	Production
	Magnets (sintered Nd-Fe-B) production
	1985-2017
	(Marchio 2024)

	Production
	World gold production (metric tons Au content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	China gold production (metric tons Au content)
	1990-2023
	 (U.S. Geological Survey 2024)

	Production
	World lead production (metric ton Pb content)
	1919-2023
	 (U.S. Geological Survey 2024)

	Production
	World aluminum production (metric ton Al content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World alumina production (metric ton gross weight)
	1968-2023
	 (U.S. Geological Survey 2024)

	Production
	World silver production (metric ton Ag content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World silver mine production (by-country, metric ton Ag content)
	2000-2023
	 (U.S. Geological Survey 2024)

	Production
	World arsenic production (metric tons As content, excluding Peru)
	1910-2023
	 (U.S. Geological Survey 2024)

	Production
	World chromium production (metric tons Cr content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World molybdenum production (metric tons Mo content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	U.S. molybdenum production (metric tons Mo content)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World barite production (metric tons gross weight)
	1919-2023
	 (U.S. Geological Survey 2024)

	Production
	World fluorspar production (metric tons gross weight)
	1913-2023
	 (U.S. Geological Survey 2024)

	Production
	World beryllium mine production (metric tons Be content)
	1935-2023
	 (U.S. Geological Survey 2024)

	Production
	World helium production (metric tons He content)
	1964-2023
	 (U.S. Geological Survey 2024)

	Production
	World helium production (metric tons He content, excluding stocks)
	1941-2023
	 (U.S. Geological Survey 2024)

	Production
	World magnesium metal production (metric tons Mg content, excluding USA)
	1937-2023
	 (U.S. Geological Survey 2024)

	Production
	World magnesium compound production (metric tons gross weight)
	1913-2023
	 (U.S. Geological Survey 2024)

	Production
	World potash production (metric tons)
	1919-2023
	 (U.S. Geological Survey 2024)

	Production
	World silicon metal and ferrosilicon production (metric tons Si content)
	1964-2023
	 (U.S. Geological Survey 2024)

	Production
	World ferrosilicon production
	1992-2023
	 (U.S. Geological Survey 2024)

	Production
	World silicon metal production
	1992-2023
	 (U.S. Geological Survey 2024)

	Production
	World nitrogen production
	1946-2023
	 (U.S. Geological Survey 2024)

	Production
	World phosphate rock production (metric tons gross weight) 
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World feldspar production (metric tons gross weight)
	1908-2023
	 (U.S. Geological Survey 2024)

	Production
	U.S. natural gas production (gross withdrawals, MMcf)
	1936-2023
	(U.S. Energy Information Administration 2024b)

	Production
	World tungsten production (metric tons tungsten content, excluding USA)
	1905-2023
	 (U.S. Geological Survey 2024)

	Production
	World zirconium mineral concentrates production (metric tons gross weight, excluding USA) 
	1944-2023
	 (U.S. Geological Survey 2024)

	Production
	World titanium ilmenite and slag  production (metric ton gross weight)
	1925-2023
	 (U.S. Geological Survey 2024)

	Production
	U.S. titanium dioxide production (metric tons gross weight)
	1950-2023
	 (U.S. Geological Survey 2024)

	Production
	World indium refinery production (metric tons indium content)
	1972-2023
	 (U.S. Geological Survey 2024)

	Production
	World cadmium production (metric ton Cd content) 
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World bismuth refinery production (metric tons gross weight)
	1984-2023
	 (U.S. Geological Survey 2024)

	Production
	World bromine production (gross weight)
	1961-2023
	 (U.S. Geological Survey 2024)

	Production
	World boron production (metric tons gross weight, excluding USA)
	1976-2023
	 (U.S. Geological Survey 2024)

	Production
	World rhenium production (metric tons rhenium content)
	1973-2023
	 (U.S. Geological Survey 2024)

	Production
	World gypsum production (metric tons gross weight)
	1924-2023
	 (U.S. Geological Survey 2024)

	Production
	World lutetium mine production (metric ton)
	1970-2023
	 (U.S. Geological Survey 2024)

	Production
	World thulium mine production (metric ton)
	1970-2023
	 (U.S. Geological Survey 2024)

	Production
	World iodine production (metric tons gross weight, excluding USA)
	1960-2023
	 (U.S. Geological Survey 2024)

	Production
	World natural sheet mica production (metric tons gross weight)
	1900-2023
	 (U.S. Geological Survey 2024)

	Production
	World selenium production (metric tons Se content, excluding USA)
	1938-2023
	 (U.S. Geological Survey 2024)

	Production
	World's strontium production (metric tons Sr content)
	1960-2023
	 (U.S. Geological Survey 2024)

	Production
	World copper concentrate production
	1900-2023
	ICSG World Copper Factbook 2024 (International Copper Study Group 2010)

	Production
	World natural scrap and flake mica production (thousand metric tons, excluding China)
	1968-2023
	 (U.S. Geological Survey 2024)

	Production
	Chromium supply by country and product type (product type: ores & concentrates, HC FeCr, Cr chemicals, Cr metal; kilo ton)
	2010-2023
	(Project Blue 2024b)

	Production
	Synthetic graphite supply by country (kilo ton content)
	2010-2023
	(Project Blue 2024c)

	Industrial production
	OECD industrial production indicator
	1919-2024
	(OECD 2024)

	Industrial production
	U.S. computer and electronic products industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024a)

	Industrial production
	U.S. Mining: Drilling Oil and Gas Wells industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024b)

	Industrial production
	U.S. Medical Equipment and Supplies industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024c)

	Industrial production
	U.S. Agriculture, Construction, and Mining Machinery industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024d)

	Industrial production
	U.S. Nuclear Electric Power Generation industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024e)

	Industrial production
	U.S. Construction Supplies industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024f)

	Industrial production
	U.S. Pottery, Ceramics, and Plumbing Fixture industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024g)

	Industrial production
	U.S. Aerospace Product and Parts industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024h)

	Industrial production
	U.S. Semiconductor and Other Electronic Component industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024i)

	Industrial production
	U.S. Computers, Video and Audio Equipment industrial production
	1967-2024
	(Board of Governors of the Federal Reserve System (US) 2024j)

	Industrial production
	U.S. Paint and Coating industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024k)

	Industrial production
	U.S. Total Index industrial production
	1919-2024
	(Board of Governors of the Federal Reserve System (US) 2024l)

	Industrial production
	U.S. Glass and Glass Product industrial production
	1972-2024
	(Board of Governors of the Federal Reserve System (US) 2024m)

	Producer price index
	Mining Machinery and Equipment PPI
	1947-2024
	(U.S. Bureau of Labor Statistics 2024a)

	Producer price index
	U.S. Producer Price Index: all commodities
	1913-2024
	(U.S. Bureau of Labor Statistics 2024b)

	Producer price index
	Rubber and Plastic Products PPI
	1926-2023
	(U.S. Bureau of Labor Statistics 2024c)

	Producer price index
	Basic Inorganic Chemicals PPI
	1974-2023
	(U.S. Bureau of Labor Statistics 2024d)

	Producer price index
	Fertilizer Materials PPI
	1933-2023
	(U.S. Bureau of Labor Statistics 2024e)

	Producer price index
	Clay Floor and Wall Tile PPI
	1947-2023
	(U.S. Bureau of Labor Statistics 2024f)

	Producer price index
	Clay, Ceramic, and Refractory Minerals Mining PPI
	1985-2023
	(U.S. Bureau of Labor Statistics 2024g)

	Producer price index
	Battery Manufacturing PPI
	1947-2023
	(U.S. Bureau of Labor Statistics 2024h)

	Producer price index
	Cement Manufacturing PPI
	1965-2023
	(U.S. Bureau of Labor Statistics 2024i)

	Producer price index
	Paint Materials PPI
	1935-2023
	(U.S. Bureau of Labor Statistics 2024j)

	Producer price index
	Household Appliances PPI
	1947-2023
	(U.S. Bureau of Labor Statistics 2024k)

	
	GDP (constant 2015 US$)
	1960-2023
	(World Bank Group 2024a)

	
	GDP (current US$)
	1960-2023
	(World Bank Group 2024b)

	
	GDP per capita (constant 2015 US$)
	1960-2023
	(World Bank Group 2024c)

	
	World mineral rents (% of GDP)
	1970-2021
	(World Bank Group 2024d)

	
	World electric vehicles sale (units)
	2010-2023
	(International Energy Agency 2020, 2023)

	
	U.S. manufactured general aviation airplane shipments
	1946-2023
	(General Aviation Manufacturers Association 2023)

	
	Vehicle production
	1950-2023
	(International Organization of Motor Vehicle Manufacturers 2023)

	
	World Wind energy Electricity Installed Capacity (MW)
	1980-2023
	(International Renewable Energy Agency 2024)

	
	World CO2 emissions (MM ton CO2)
	1949-2023
	(U.S. Energy Information Administration 2024c)

	
	USA Total reserves (includes gold, current US$)
	1960-2023
	(World Bank Group 2024e)

	
	Solar PV installation (GWp)
	2008-2023
	(International Energy Agency 2024)

	
	Computers, Peripherals, and Semiconductors US Export Price Index
	1981-2023
	(U.S. Bureau of Labor Statistics 2024)

	
	Nuclear power generation (TWh)
	1971-2023
	(World Nuclear Association 2025)

	
	U.S. military airplane production (F35)
	1997-2024
	 

	
	U.S. Net farm income
	1967-2023
	(U.S. Bureau of Economic Analysis 2024)

	
	LME-Copper Warehouse Stocks (metric ton)
	1971-2023
	(S&P Global Market Intelligence 2024b)

	
	Cu mining reagents cost (US$ per pound)
	1991-2023
	(S&P Global Market Intelligence 2024a)



Appendix B: Rare Earth Data Estimation
Estimating price elasticity of demand (PED) and supply (PES) for rare earths requires long timeseries for production, consumption and price.  The more historical data that are available, the more robust the resulting estimate because the estimation techniques can discern more variability in the data over time.  The problem with rare earths is the lack of long historical timeseries at sufficient levels of granularity.  Further, as some end-uses for rare earths may be more sensitive to price than others, detailed data on consumption by end-use application is desirable but lacking.  
Multiple sources must be used to construct long historical timeseries for rare earths.  This requires the analyst to splice timeseries together from several sources which often requires various smoothing techniques for consistency while also capturing trends over the course of several business cycles.  An additional complication is that the reporting of rare earth consumption and production is often at the total rare earth oxide (TREO) level.  TREO does not provide sufficient insight into the market dynamics of demand for individual rare earths, each of which is a function of distinct market drivers.  Lanthanum, for example, is used as a fluid cracking catalyst (FCC) and is tied to the production and refining of crude oil.  Neodymium, on the other hand, is used extensively in the production of rare earth permanent magnets and its demand is influenced by the production of electric vehicles, wind turbines, and various electronic products.  
The challenge of breaking TREO consumption into its constituent individual rare earth oxide is two-fold.  First, TREO needs to be apportioned to its end-uses at what is commonly referred to as “mid supply chain” or “first use”.  Common end-use categories include batteries, catalysts, ceramics, glass, magnets, metallurgy, phosphors, pigments, polishing, and other.  More granular breakdowns of end-use are possible for some mid supply chain end-uses.  Catalysts, for example, can be broken down into FCC, auto-catalysts, and additives while magnets can be further broken down into magnets for motors, drivetrains, generators, etc.  The level of granularity possible for estimating rare earth consumption by end-use depends on the availability of technical reports in engineering, metallurgy, electronics, chemicals, etc.  Given the amount of time and effort required to find this information, the analyst typically relies on estimates made by other subject matter experts.  
Once TREO is distributed to each end-use, the second challenge is to apportion each individual rare earth oxide (REO) by each end-use.  Here too the analyst relies on engineering data on what would comprise the “typical” rare earth formulation for each end-use.  For example, a “typical” nickel metal hydride battery has a certain chemistry which includes the rare earth lanthanum.  In a similar vein, rare earth polishing powders have a formula that includes cerium while a “typical” neodymium iron boron magnet contains a certain percentage of neodymium in addition to smaller quantities of praseodymium, dysprosium, terbium and lanthanum depending on the grade of the magnet.  In this fashion, the analyst can assemble a reasonable estimate of each rare earth oxide for each major end-use category.  The process involves “sharing” out using percentages such that the sum should equal TREO by each end-use and the double sum of each REO by each end-use should total back to TREO over all end-uses.  
Historical data for rare earth consumption and production was assembled for the years 1970- 2023 from several sources. Data for U.S. TREO demand for the years 1970 – 2012 was obtained from the United States Geological Survey (USGS) Mineral Yearbooks for those years (U.S. Geological Survey 2024).  U.S. consumption by end-use for the years 1970 – 2012 was also sourced from USGS Mineral Yearbooks  (U.S. Geological Survey 2024).  Data for global TREO demand for the years 1970-2009 was sourced from Zhou et al. (2017).  Global TREO demand was broken out into individual REOs by end-use using USGS  (U.S. Geological Survey 2024) as a guide with necessary adjustments for timeseries consistency.  
 In 2009 China temporarily blocked trade of rare earths with Japan due to a diplomatic situation involving fishermen in a contested geographical zone.  As a result, the public’s demand for information on this sector increased and several think tanks and consulting companies began publishing their statistics.  Global TREO demand by end-use for the years 2010 – 2022 was sourced from UK-based consulting and data provider, Project Blue (2024a).  Global TREO demand for individual REOs for the years 2010 – 2022 was estimated using rare earth formulations based on engineering reports. 
Estimates for rare earth production use the composition of known rare earth deposits.  Each deposit contains rare earths in certain percentages depending on the host ore type.  For the years 1970 – 1990, U.S. mine supply was sourced from USGS ([years]).  For the years, 1991 – 2022, U.S. mine supply was sourced from USGS (U.S. Geological Survey 2024) while data for 2023 was sourced from Project Blue (2024a).  Global mine supply for the years 1970 – 1982 was sourced from the USGS DS140 reports (U.S. Geological Survey 2024).  For the years 1983 – 2020, global mine supply was sourced from USGS. For the years 2021 and 2022, global mine supply was sourced from USGS FY25 Requirements Report prepared for Defense Logistics Agency (DLA) Strategic Materials and is withheld due to its sensitive nature. 
Appendix C-1: Price Elasticity of Demand Results
	Commodity
	Static
	Short run
	Long run
	Speed of adjustment
	Representative Sector
	Region

	Alumina
	
	-0.12
	-0.77
	-0.16
	Primary Demand
	Global

	Aluminum
	
	-0.17
	-0.86
	-0.2
	Primary Demand
	Global

	Antimony
	
	-0.12
	-0.86
	-0.14
	Primary Demand
	Global

	Arsenic
	
	-0.03
	-0.05
	-0.59
	Primary Demand
	Global

	Barite
	
	-0.38
	-0.88
	-0.44
	Primary Demand
	Global

	Bauxite
	
	-0.23
	-2.41
	-0.09
	Primary Demand
	Global

	Beryllium
	
	-0.39
	-2.98
	-0.13
	Primary Demand
	Global

	Bismuth
	
	-0.14
	-0.32
	-0.43
	Primary Demand
	Global

	Boron
	
	-0.36
	-0.52
	-0.69
	Primary Demand
	Global

	Bromine
	
	-0.10
	-0.17
	-0.59
	Primary Demand
	Global

	Cadmium
	
	-0.07
	-0.16
	-0.45
	Primary Demand
	Global

	Cerium
	
	-0.08
	-0.28
	-0.3
	Consumption
	Global

	Chromium
	-0.13
	
	
	
	Consumption
	Global

	Chromium
	
	-0.40
	-0.58
	-0.7
	Consumption
	United States

	Chromium
	
	-0.13
	-0.31
	-0.43
	Primary Demand
	Global

	Cobalt
	-0.45
	
	
	
	Consumption
	Global

	Cobalt
	
	-0.17
	-0.39
	-0.44
	Primary Demand
	Global

	Copper
	-0.05
	-0.07
	-0.12
	-0.59
	Consumption
	Global

	Copper
	-0.22
	
	
	
	Consumption
	United States

	Copper
	-0.07
	
	
	
	Total Demand
	Global

	Dysprosium
	
	-0.11
	-0.76
	-0.15
	Consumption
	Global

	Erbium
	
	-0.12
	-0.36
	-0.33
	Consumption
	Global

	Europium
	
	-0.29
	-0.86
	-0.34
	Consumption
	Global

	Feldspar
	
	-0.31
	-0.56
	-0.55
	Primary Demand
	Global

	Fluorspar
	
	-0.30
	-0.67
	-0.45
	Primary Demand
	Global

	Gadolinium
	
	-0.21
	-0.76
	-0.28
	Consumption
	Global

	Gallium
	-0.53
	
	
	
	Consumption
	Global

	Gallium
	
	-0.50
	-0.94
	-0.53
	Primary Demand
	Global

	Germanium
	
	-0.24
	
	
	Consumption
	United States

	Germanium
	
	-0.29
	-1.08
	-0.3
	Primary Demand
	Global

	Gold
	
	-0.19
	-0.68
	-0.28
	Primary Demand
	Global

	Graphite, Natural
	-0.37
	
	
	
	Consumption
	Global

	Graphite, Natural
	
	-0.38
	-1.01
	-0.37
	Primary Demand
	Global

	Graphite, Synthetic
	-0.45
	
	
	
	Consumption
	Global

	Gypsum
	
	-0.35
	-0.65
	-0.54
	Primary Demand
	Global

	Hafnium
	
	-0.26
	-0.75
	-0.35
	Consumption
	United States

	Heavy REO
	
	-0.08
	-0.47
	-0.17
	Consumption
	Global

	Helium
	
	-0.23
	-1.40
	-0.17
	Consumption
	Global

	Holmium
	
	-0.06
	-0.18
	-0.31
	Consumption
	Global

	Indium
	
	-0.18
	-1.05
	-0.17
	Primary Demand
	Global

	Iodine
	
	-0.13
	-0.25
	-0.5
	Primary Demand
	Global

	Iridium
	
	-0.24
	-2.22
	-0.11
	Primary Demand
	Global

	Iron ore
	
	-0.11
	-0.25
	-0.43
	Primary Demand
	Global

	Lanthanum
	
	-0.06
	-0.23
	-0.28
	Consumption
	Global

	Lead
	
	-0.05
	-0.38
	-0.14
	Primary Demand
	Global

	light REO
	
	-0.21
	-0.48
	-0.45
	Consumption
	Global

	Lithium
	-0.11
	
	
	
	Consumption
	Global

	Lutetium
	
	-0.08
	-0.18
	-0.43
	Primary Demand
	Global

	Magnesium compounds
	
	-0.31
	-0.61
	-0.5
	Primary Demand
	Global

	Magnesium metal
	
	-0.23
	-0.88
	-0.26
	Primary Demand
	Global

	Manganese
	-0.04
	
	
	
	Consumption
	Global

	Manganese
	
	-0.30
	-1.23
	-0.25
	Primary Demand
	Global

	Mica (Natural, scrap and flake)
	
	-0.14
	-0.46
	-0.3
	Primary Demand
	Global

	Mica (Natural, sheet)
	
	-0.50
	-1.52
	-0.33
	Primary Demand
	Global

	Molybdenum
	-0.10
	
	
	
	Consumption
	Global

	Neodymium
	
	-0.07
	-0.66
	-0.11
	Consumption
	Global

	Nickel
	-0.09
	
	
	
	Consumption
	Global

	Niobium
	-0.31
	
	
	
	Consumption
	Global

	Niobium
	
	-0.51
	-0.68
	-0.75
	Consumption
	United States

	Niobium
	
	-0.48
	-0.72
	-0.67
	Primary Demand
	Global

	Palladium
	-0.40
	
	
	
	Consumption
	Global

	Palladium
	
	-0.25
	-0.31
	-0.79
	Primary Demand
	Global

	Palladium
	-0.45
	
	
	
	Total Demand
	Global

	Phosphate rock 
	
	-0.13
	-0.63
	-0.2
	Primary Demand
	Global

	Platinum
	-0.58
	-0.47
	-0.72
	-0.64
	Consumption
	Global

	Potash
	
	-0.35
	-0.59
	-0.59
	Primary Demand
	Global

	Praseodymium
	
	-0.14
	-0.70
	-0.19
	Consumption
	Global

	REE total
	
	-0.17
	-0.29
	-0.58
	Consumption
	Global

	Rhenium
	
	-0.45
	-1.31
	-0.34
	Primary Demand
	Global

	Rhodium
	
	-0.09
	-0.35
	-0.26
	Consumption
	Global

	Rhodium
	
	-0.1
	-0.64
	-0.16
	Total Demand
	Global

	Ruthenium
	
	-0.27
	-0.88
	-0.31
	Primary Demand
	Global

	Samarium
	
	-0.04
	-0.18
	-0.21
	Consumption
	Global

	Silicon (ferrosilicon)
	
	-0.24
	-1.15
	-0.21
	Primary Demand
	Global

	Silicon metal
	
	-0.18
	-0.74
	-0.24
	Primary Demand
	Global

	Silver
	-0.40
	
	
	
	Consumption
	Global

	Strontium
	
	-0.38
	-1.94
	-0.2
	Primary Demand
	Global

	Tantalum
	-0.39
	
	
	
	Consumption
	Global

	Tantalum
	-0.51
	
	
	
	Consumption
	United States

	Tantalum
	
	-0.31
	-0.73
	-0.42
	Primary Demand
	Global

	Tellurium
	-0.09
	
	
	
	Consumption
	Global

	Terbium
	
	-0.18
	-0.23
	-0.81
	Consumption
	Global

	Thulium
	
	-0.30
	-0.77
	-0.38
	Consumption
	Global

	Tin
	
	-0.07
	-0.19
	-0.37
	Primary Demand
	Global

	Titanium dioxide
	
	-0.19
	-0.35
	-0.55
	Consumption
	United States

	Titanium metal
	-0.60
	
	
	
	Consumption
	Global

	Tungsten
	-0.19
	
	
	
	Consumption
	Global

	Tungsten
	
	-0.08
	-0.97
	-0.08
	Primary Demand
	Global

	Vanadium
	-0.29
	
	
	
	Consumption
	Global

	Vanadium
	-0.58
	
	
	
	Consumption
	United States

	Vanadium
	
	-0.17
	-0.49
	-0.34
	Primary Demand
	Global

	Ytterbium
	
	-0.04
	-0.11
	-0.39
	Consumption
	Global

	Yttrium
	
	-0.06
	-0.08
	-0.71
	Consumption
	Global

	Zinc
	
	-0.12
	-0.36
	-0.33
	Primary Demand
	Global

	Zirconium
	
	-0.16
	-0.41
	-0.38
	Primary Demand
	Global




Appendix C-1: Price Elasticity of Supply Estimation Results
	Commodity
	Static
	Short run
	Long run
	Speed of adjustment
	Representative Sector
	Region

	Alumina
	
	0.66
	0.91
	-0.73
	Primary Refined Supply
	Global

	Aluminum
	
	0.14
	0.39
	-0.36
	Primary Refined Supply
	Global

	Antimony
	
	0.27
	0.6
	-0.45
	Primary Mined Supply
	Global

	Arsenic
	
	0.26
	0.48
	-0.53
	Primary Refined Supply
	Global

	Barite
	
	0.55
	0.97
	-0.57
	Primary Mined Supply
	Global

	Bauxite
	
	0.71
	1.3
	-0.55
	Primary Mined Supply
	Global

	Beryllium
	
	0.41
	1.16
	-0.35
	Primary Mined Supply
	Global

	Bismuth
	
	0.15
	0.63
	-0.24
	Primary Refined Supply
	Global

	Boron
	
	0.41
	0.96
	-0.42
	Primary Mined Supply
	Global

	Bromine
	
	0.16
	0.78
	-0.2
	Primary Refined Supply
	Global

	Cadmium
	
	0.03
	0.12
	-0.3
	Primary Refined Supply
	Global

	Cerium
	
	0.02
	0.02
	-0.94
	Primary Mined Supply
	Global

	Cerium
	
	0.14
	0.21
	-0.64
	Total Refined Supply
	Global

	Chromium
	
	0.24
	0.31
	-0.79
	Primary Mined Supply
	Global

	Cobalt
	
	0.16
	0.57
	-0.29
	Primary Mined Supply
	Global

	Copper
	
	0.08
	0.34
	-0.23
	Primary Mined Supply
	Global

	Copper
	
	0.11
	0.42
	-0.25
	Primary Refined Supply
	Global

	Dysprosium
	
	0.13
	0.14
	-0.92
	Total Refined Supply
	Global

	Erbium
	
	0.37
	0.85
	-0.44
	Primary Refined Supply
	Global

	Europium
	
	0.06
	
	
	Primary Refined Supply
	Global

	Feldspar
	
	0.63
	2
	-0.32
	Primary Mined Supply
	Global

	Fluorspar
	
	0.49
	1.05
	-0.47
	Primary Mined Supply
	Global

	Gadolinium
	
	0.15
	0.5
	-0.29
	Total Refined Supply
	Global

	Gallium
	
	0.4
	0.55
	-0.73
	Primary Refined Supply
	Global

	Germanium
	
	0.5
	1.04
	-0.48
	Primary Refined Supply
	Global

	Gold
	
	0.04
	0.29
	-0.13
	Primary Mined Supply
	Global

	Graphite, Natural
	
	0.31
	0.56
	-0.54
	Primary Mined Supply
	Global

	Graphite, Synthetic
	0.59
	
	
	
	Primary Refined Supply
	Global

	Gypsum
	
	0.19
	0.52
	-0.37
	Primary Mined Supply
	Global

	Hafnium
	
	0.18
	0.28
	-0.65
	Total Refined Supply
	United States

	Helium
	
	0.58
	2.97
	-0.19
	Primary Refined Supply
	Global

	Holmium
	
	0.05
	0.11
	-0.43
	Primary Mined Supply
	Global

	Holmium
	
	0.09
	0.12
	-0.72
	Total Refined Supply
	Global

	Indium
	
	0.3
	0.53
	-0.57
	Primary Refined Supply
	Global

	Iodine
	
	0.1
	0.28
	-0.35
	Primary Mined Supply
	Global

	Iridium
	
	0.09
	0.27
	-0.34
	Primary Mined Supply
	Global

	Iron ore
	
	0.3
	0.64
	-0.47
	Primary Mined Supply
	Global

	Lanthanum
	
	0.02
	0.02
	-0.95
	Primary Mined Supply
	Global

	Lanthanum
	
	0.21
	0.22
	-0.94
	Total Refined Supply
	Global

	Lead
	
	0.07
	0.26
	-0.26
	Primary Mined Supply
	Global

	Lithium
	
	0.33
	0.6
	-0.56
	Primary Mined Supply
	Global

	Lutetium
	
	0.07
	0.12
	-0.53
	Primary Mined Supply
	Global

	Magnesium compounds
	
	0.3
	
	
	Primary Mined Supply
	Global

	Magnesium compounds
	
	0.43
	1.23
	-0.35
	Primary Mined Supply
	United States

	Magnesium metal
	
	0.38
	1.57
	-0.24
	Primary Mined Supply
	Global

	Manganese
	
	0.46
	2.24
	-0.21
	Primary Mined Supply
	Global

	Mica (Natural, scrap and flake)
	
	0.28
	0.95
	-0.29
	Primary Mined Supply
	Global

	Mica (Natural, sheet)
	
	0.18
	0.59
	-0.31
	Primary Mined Supply
	Global

	Molybdenum
	
	0.14
	0.46
	-0.31
	Primary Mined Supply
	Global

	Molybdenum
	
	0.2
	0.46
	-0.44
	Primary Mined Supply
	United States

	Neodymium
	
	0.18
	0.2
	-0.9
	Total Refined Supply
	Global

	Nickel
	
	0.31
	0.72
	-0.43
	Primary Mined Supply
	Global

	Niobium
	
	0.48
	0.6
	-0.79
	Primary Mined Supply
	Global

	Palladium
	
	0.09
	0.16
	-0.56
	Primary Mined Supply
	Global

	Palladium
	
	0.28
	0.41
	-0.69
	Total Supply
	Global

	PGM total
	
	0.15
	1.93
	-0.08
	Primary Mined Supply
	Global

	Phosphate rock 
	
	0.07
	0.45
	-0.16
	Primary Mined Supply
	Global

	Platinum
	
	0.27
	0.96
	-0.28
	Primary Mined Supply
	Global

	Platinum
	
	0.29
	1.41
	-0.2
	Total Supply
	Global

	Potash
	
	0.11
	1.34
	-0.08
	Primary Mined Supply
	Global

	Praseodymium
	
	0.15
	0.2
	-0.77
	Total Refined Supply
	Global

	REE total
	
	0.06
	
	
	Primary Mined Supply
	Global

	REE total
	
	0.15
	
	
	Primary Refined Supply
	Global

	Rhenium
	
	0.35
	0.95
	-0.36
	Primary Mined Supply
	Global

	Rhodium
	
	0.03
	0.06
	-0.53
	Primary Mined Supply
	Global

	Rhodium
	
	0.04
	0.12
	-0.32
	Total Supply
	Global

	Ruthenium
	
	0.11
	0.18
	-0.62
	Primary Mined Supply
	Global

	Samarium
	
	0.06
	0.48
	-0.13
	Total Refined Supply
	Global

	Silicon (ferrosilicon)
	
	0.28
	1.09
	-0.25
	Primary Refined Supply
	Global

	Silicon metal
	
	0.28
	0.73
	-0.38
	Primary Refined Supply
	Global

	Silver
	0.36
	
	
	
	Primary Mined Supply
	Global

	Strontium
	
	0.29
	0.65
	-0.45
	Primary Mined Supply
	Global

	Tantalum
	0.65
	0.45
	2.46
	-0.19
	Primary Mined Supply
	Global

	Tellurium
	0.18
	
	
	
	Primary Refined Supply
	Global

	Terbium
	
	0.09
	0.11
	-0.87
	Primary Mined Supply
	Global

	Thulium
	
	0.53
	1.13
	-0.47
	Total Refined Supply
	Global

	Tin
	
	0.25
	0.73
	-0.34
	Primary Mined Supply
	Global

	Titanium & titanium dioxide
	
	0.16
	0.81
	-0.2
	Total Refined Supply
	United States

	Titanium metal
	0.27
	
	
	
	Primary Mined Supply
	Global

	Tungsten
	
	0.08
	0.14
	-0.54
	Primary Mined Supply
	Global

	Vanadium
	
	0.12
	0.6
	-0.21
	Primary Mined Supply
	Global

	Ytterbium
	
	0.01
	0.01
	-0.97
	Primary Mined Supply
	Global

	Ytterbium
	
	0.06
	0.09
	-0.73
	Total Refined Supply
	Global

	Yttrium
	
	0.14
	0.44
	-0.32
	Total Refined Supply
	Global

	Zinc
	
	0.06
	0.36
	-0.16
	Primary Mined Supply
	Global

	Zirconium
	
	0.24
	0.45
	-0.54
	Primary Mined Supply
	Global




Appendix D: Abbreviations
	Abbreviation
	Definition

	Ag
	Silver

	Al
	Aluminum

	Al2O3
	Alumina

	As
	Arsenic

	Au
	Gold

	B
	Boron

	BaSO4
	Barite

	Be
	Beryllium

	Bi
	Bismuth

	Br
	Bromine

	C
	Graphite

	Ca3(PO4)2
	Phosphate Rock

	CaF2
	Fluorspar

	CaSO4
	Gypsum

	Cd
	Cadmium

	Ce
	Cerium (Rare Earths)

	Co
	Cobalt

	Cr
	Chromium

	Cs
	Cesium

	Cu
	Copper

	Dy
	Dysprosium (Rare Earths)

	Er
	Erbium (Rare Earths)

	Eu
	Europium (Rare Earths)

	Fe
	Iron Ore

	Ga
	Gallium

	Gd
	Gadolinium (Rare Earths)

	GDP
	Gross Domestic Product

	Ge
	Germanium

	He
	Helium

	Hf
	Hafnium

	Ho
	Holmium (Rare Earths)

	I
	Iodine

	In
	Indium

	IP
	Industrial production

	Ir
	Iridium (Platinum-Group Metals)

	K
	Potassium

	KCl
	Potash

	La
	Lanthanum (Rare Earths)

	Li
	Lithium

	Lu
	Lutetium (Rare Earths)

	Mg
	Magnesium

	Mn
	Manganese

	Mo
	Molybdenum

	N
	Nitrogen

	Nb
	Niobium

	Nd
	Neodymium (Rare Earths)

	Ni
	Nickel

	Os
	Osmium (Platinum-Group Metals)

	Pb
	Lead

	Pd
	Palladium (Platinum-Group Metals)

	PPI
	Producer Price Index

	Pr
	Praseodymium (Rare Earths)

	Rb
	Rubidium

	Re
	Rhenium

	Rh
	Rhodium (Platinum-Group Metals)

	Ru
	Ruthenium (Platinum-Group Metals)

	Sb
	Antimony

	Sc
	Scandium (Rare Earths)

	Se
	Selenium

	Si
	Silica

	SiC
	Silicon Carbide (Manufactured Abrasives)

	Sm
	Samarium (Rare Earths)

	Sn
	Tin

	Sr
	Strontium

	Ta
	Tantalum

	Tb
	Terbium (Rare Earths)

	TCRC
	Treatment Charge and Refining Charge

	Te
	Tellurium

	Th
	Thorium

	Tm
	Thulium (Rare Earths)

	Ti
	Titanium

	TiO2
	Titanium Dioxide

	Tl
	Thallium

	TREO
	Total rare earth oxide

	V
	Vanadium

	W
	Tungsten

	Y
	Yttrium (Rare Earths)

	Yb
	Ytterbium (Rare Earths)

	Zn
	Zinc

	Zr
	Zirconium


 Appendix E-1: Comparisons of Price Elasticity of Demand (PED) with literature and between mineral commodities
	Commodity
	Static
	Short run
	Long run
	Speed of adjustment
	Representative Sector
	Region
	Other studies

	Alumina
	
	-0.12
	-0.77
	-0.16
	Primary Demand
	Global
	

	Aluminum
	
	-0.17
	-0.86
	-0.2
	Primary Demand
	Global
	-0.7 to -0.07 in SR and -1.35 to -0.45 in LR (Blomberg and Hellmer 2000; Varon and Takeuchi 1973; Evans and Lewis 2002; Stuermer 2017; Hojman 1981)

	Antimony
	
	-0.12
	-0.86
	-0.14
	Primary Demand
	Global
	

	Arsenic
	
	-0.03
	-0.05
	-0.59
	Primary Demand
	Global
	

	Barite
	
	-0.38
	-0.88
	-0.44
	Primary Demand
	Global
	

	Bauxite
	
	-0.23
	-2.41
	-0.09
	Primary Demand
	Global
	

	Beryllium
	
	-0.39
	-2.98
	-0.13
	Primary Demand
	Global
	

	Bismuth
	
	-0.14
	-0.32
	-0.43
	Primary Demand
	Global
	

	Boron
	
	-0.36
	-0.52
	-0.69
	Primary Demand
	Global
	

	Bromine
	
	-0.10
	-0.17
	-0.59
	Primary Demand
	Global
	

	Cadmium
	
	-0.07
	-0.16
	-0.45
	Primary Demand
	Global
	

	Cerium
	
	-0.08
	-0.28
	-0.3
	Consumption
	Global
	

	Chromium
	-0.13
	
	
	
	Consumption
	Global
	-0.228 to -0.1 in SR (Evans and Lewis 2002; Radetzki 1984)

	Chromium
	
	-0.13
	-0.31
	-0.43
	Primary Demand
	Global
	Do.

	Chromium
	
	-0.40
	-0.58
	-0.7
	Consumption
	USA
	

	Cobalt
	-0.45
	
	
	
	Consumption
	Global
	-0.5 in SR and -0.54 to -0.43 in LR (Radetzki 1984; Rafati 1984a)

	Cobalt
	
	-0.17
	-0.39
	-0.44
	Primary Demand
	Global
	Do.

	Copper
	-0.05
	-0.07
	-0.12
	-0.59
	Consumption
	Global
	-0.4 to -0.03 in SR and -0.82 to -0.12 in LR (Stuermer 2017; Wagenhals 1985; Banks 1974; Fisher et al. 1972; Behrman 1975)

	Copper
	-0.07
	
	
	
	Total Demand
	Global
	Do.

	Copper
	-0.22
	
	
	
	Consumption
	USA
	-0.42 to -0.22 in SR and -0.28 in LR (MacKinnon and Olewiler 1980; Shojaeinia 2023)

	Dysprosium
	
	-0.11
	-0.76
	-0.15
	Consumption
	Global
	

	Erbium
	
	-0.12
	-0.36
	-0.33
	Consumption
	Global
	

	Europium
	
	-0.29
	-0.86
	-0.34
	Consumption
	Global
	

	Feldspar
	
	-0.31
	-0.56
	-0.55
	Primary Demand
	Global
	

	Fluorspar
	
	-0.30
	-0.67
	-0.45
	Primary Demand
	Global
	

	Gadolinium
	
	-0.21
	-0.76
	-0.28
	Consumption
	Global
	

	Gallium
	-0.53
	
	
	
	Consumption
	Global
	

	Gallium
	
	-0.50
	-0.94
	-0.53
	Primary Demand
	Global
	

	Germanium
	
	-0.24
	
	
	Consumption
	USA
	

	Germanium
	
	-0.29
	-1.08
	-0.3
	Primary Demand
	Global
	

	Gold
	
	-0.19
	-0.68
	-0.28
	Primary Demand
	Global
	Average -0.41 (Evans and Lewis 2002)

	Graphite, Natural
	-0.37
	
	
	
	Consumption
	Global
	

	Graphite, Natural
	
	-0.38
	-1.01
	-0.37
	Primary Demand
	Global
	

	Graphite, Synthetic
	-0.45
	
	
	
	Consumption
	Global
	

	Gypsum
	
	-0.35
	-0.65
	-0.54
	Primary Demand
	Global
	

	Hafnium
	
	-0.26
	-0.75
	-0.35
	Consumption
	USA
	

	heavy REO
	
	-0.08
	-0.47
	-0.17
	Consumption
	Global
	

	Helium
	
	-0.23
	-1.40
	-0.17
	Consumption
	Global
	

	Holmium
	
	-0.06
	-0.18
	-0.31
	Consumption
	Global
	

	Indium
	
	-0.18
	-1.05
	-0.17
	Primary Demand
	Global
	-0.26 to -0.05 (Polli 2016)

	Iodine
	
	-0.13
	-0.25
	-0.5
	Primary Demand
	Global
	

	Iridium
	
	-0.24
	-2.22
	-0.11
	Primary Demand
	Global
	

	Iron ore
	
	-0.11
	-0.25
	-0.43
	Primary Demand
	Global
	-0.64 to -0.04 in SR and -0.9 to 0 in LR (Dahl 2020)

	Lanthanum
	
	-0.06
	-0.23
	-0.28
	Consumption
	Global
	

	Lead
	
	-0.05
	-0.38
	-0.14
	Primary Demand
	Global
	Average -0.22 to -0.11 in SR/static (Evans and Lewis 2002; Stuermer 2017) 

	light REO
	
	-0.21
	-0.48
	-0.45
	Consumption
	Global
	

	Lithium
	-0.11
	
	
	
	Consumption
	Global
	

	Lutetium
	
	-0.08
	-0.18
	-0.43
	Primary Demand
	Global
	

	Magnesium compounds
	
	-0.31
	-0.61
	-0.5
	Primary Demand
	Global
	

	Magnesium metal
	
	-0.23
	-0.88
	-0.26
	Primary Demand
	Global
	

	Manganese
	-0.04
	
	
	
	Consumption
	Global
	Average -0.10 review (Radetzki 1984)

	Manganese
	
	-0.30
	-1.23
	-0.25
	Primary Demand
	Global
	

	Mica (Natural, scrap and flake)
	
	-0.14
	-0.46
	-0.3
	Primary Demand
	Global
	

	Mica (Natural, sheet)
	
	-0.50
	-1.52
	-0.33
	Primary Demand
	Global
	

	Molybdenum
	-0.10
	
	
	
	Consumption
	Global
	

	Neodymium
	
	-0.07
	-0.66
	-0.11
	Consumption
	Global
	

	Nickel
	-0.09
	
	
	
	Consumption
	Global
	-0.04 in SR (Evans and Lewis 2002) and -1.22 to -0.1 in LR (Rafati 1984b)

	Niobium
	-0.31
	
	
	
	Consumption
	Global
	Static -0.29 (Evans and Lewis 2002); -0.3 review (Radetzki 1984)

	Niobium
	
	-0.48
	-0.72
	-0.67
	Primary Demand
	Global
	Do.

	Niobium
	
	-0.51
	-0.68
	-0.75
	Consumption
	USA
	

	Palladium
	-0.40
	
	
	
	Consumption
	Global
	-0.2 in SR and (-1 to -.4) in LR review (Burrows 1974)

	Palladium
	
	-0.25
	-0.31
	-0.79
	Primary Demand
	Global
	

	Palladium
	-0.45
	
	
	
	Total Demand
	Global
	

	Phosphate rock 
	
	-0.13
	-0.63
	-0.2
	Primary Demand
	Global
	

	Platinum
	-0.58
	-0.47
	-0.72
	-0.64
	Consumption
	Global
	-0.7 to -0.28 (TIAX 2004; Evans and Lewis 2002; Burrows 1974)

	Potash
	
	-0.35
	-0.59
	-0.59
	Primary Demand
	Global
	

	Praseodymium
	
	-0.14
	-0.70
	-0.19
	Consumption
	Global
	

	REE total
	
	-0.17
	-0.29
	-0.58
	Consumption
	Global
	

	Rhenium
	
	-0.45
	-1.31
	-0.34
	Primary Demand
	Global
	

	Rhodium
	
	-0.09
	-0.35
	-0.26
	Consumption
	Global
	

	Rhodium
	
	-0.1
	-0.64
	-0.16
	Total Demand
	Global
	

	Ruthenium
	
	-0.27
	-0.88
	-0.31
	Primary Demand
	Global
	

	Samarium
	
	-0.04
	-0.18
	-0.21
	Consumption
	Global
	

	Silicon (ferrosilicon)
	
	-0.24
	-1.15
	-0.21
	Primary Demand
	Global
	

	Silicon metal
	
	-0.18
	-0.74
	-0.24
	Primary Demand
	Global
	

	Silver
	-0.40
	
	
	
	Consumption
	Global
	-0.856 to -0.28 (Evans and Lewis 2002)

	Strontium
	
	-0.38
	-1.94
	-0.2
	Primary Demand
	Global
	

	Tantalum
	-0.39
	
	
	
	Consumption
	Global
	

	Tantalum
	-0.51
	
	
	
	Consumption
	USA
	

	Tantalum
	
	-0.31
	-0.73
	-0.42
	Primary Demand
	Global
	

	Tellurium
	-0.09
	
	
	
	Consumption
	Global
	-0.65 to -0.14 in SR and -0.26 static (Polli 2016)

	Terbium
	
	-0.18
	-0.23
	-0.81
	Consumption
	Global
	

	Thulium
	
	-0.30
	-0.77
	-0.38
	Consumption
	Global
	

	Tin
	
	-0.07
	-0.19
	-0.37
	Primary Demand
	Global
	-0.49 to -0.10 in SR and -1.6 to -0.41 in LR (Chhabra et al. 1979; Evans and Lewis 2002)

	Titanium & titanium dioxide
	
	-0.19
	-0.35
	-0.55
	Consumption
	USA
	

	Titanium metal
	-0.60
	
	
	
	Consumption
	Global
	0.69 static (Evans and Lewis 2002)

	Tungsten
	-0.19
	
	
	
	Consumption
	Global
	-0.5 to -0.15 in SR -0.37 in LR review (Radetzki 1984; Burrows 1974)

	Tungsten
	
	-0.08
	-0.97
	-0.08
	Primary Demand
	Global
	

	Vanadium
	-0.29
	
	
	
	Consumption
	Global
	-0.3 t o-0.25 in SR (Radetzki 1984; Evans and Lewis 2002)

	Vanadium
	
	-0.17
	-0.49
	-0.34
	Primary Demand
	Global
	

	Vanadium
	-0.58
	
	
	
	Consumption
	USA
	

	Ytterbium
	
	-0.04
	-0.11
	-0.39
	Consumption
	Global
	

	Yttrium
	
	-0.06
	-0.08
	-0.71
	Consumption
	Global
	

	Zinc
	
	-0.12
	-0.36
	-0.33
	Primary Demand
	Global
	-0.47 to -0.06 in SR (Behrman 1975; Evans and Lewis 2002)

	Zirconium
	
	-0.16
	-0.41
	-0.38
	Primary Demand
	Global
	



Appendix E-2: Comparisons of Price Elasticity of Supply (PES) with literature and between mineral commodities
	Commodity
	Static
	Short run
	Long run
	Speed of adjustment
	Representative Sector
	Region
	Other studies

	Alumina
	
	0.66
	0.91
	-0.73
	Primary Mined
	Global
	

	Aluminum
	
	0.14
	0.39
	-0.36
	Total Refined
	Global
	0.05 to 0.17 in SR and 0.07 to 3.29 in LR (Hojman 1981; Behrman 1975)

	Antimony
	
	0.27
	0.6
	-0.45
	Primary Mined
	Global
	

	Arsenic
	
	0.26
	0.48
	-0.53
	Primary Refined
	Global
	

	Barite
	
	0.55
	0.97
	-0.57
	Primary Mined
	Global
	

	Bauxite
	
	0.71
	1.3
	-0.55
	Primary Mined
	Global
	

	Beryllium
	
	0.41
	1.16
	-0.35
	Primary Mined
	Global
	

	Bismuth
	
	0.15
	0.63
	-0.24
	Primary Refined
	Global
	

	Boron
	
	0.41
	0.96
	-0.42
	Primary Mined
	Global
	

	Bromine
	
	0.16
	0.78
	-0.2
	Primary Refined
	Global
	

	Cadmium
	
	0.03
	0.12
	-0.3
	Primary Refined
	Global
	

	Cerium
	
	0.02
	0.02
	-0.94
	Primary Mined
	Global
	

	Cerium
	
	0.14
	0.21
	-0.64
	Total Refined
	Global
	

	Chromium
	
	0.24
	0.31
	-0.79
	Primary Mined
	Global
	

	Cobalt
	
	0.16
	0.57
	-0.29
	Primary Mined
	Global
	0.21 to 0.25 in SR and 0.35 to 0.44 in LR (Rafati 1984a); 0.32 in SR and 0.86 in LR (Boer et al. 2021)

	Copper
	
	0.08
	0.34
	-0.23
	Primary Mined
	Global
	0.06 to 0.45 in SR and 0.87 to 1.67 in LR (Fisher et al. 1972; Wagenhals 1985; Pobukadee 1980)

	Copper
	
	0.11
	0.42
	-0.25
	Primary Refined
	Global
	Do.

	Dysprosium
	
	0.13
	0.14
	-0.92
	Total Refined
	Global
	

	Erbium
	
	0.37
	0.85
	-0.44
	Primary Refined
	Global
	

	Europium
	
	0.06
	
	
	Primary Refined
	Global
	

	Feldspar
	
	0.63
	2
	-0.32
	Primary Mined
	Global
	

	Fluorspar
	
	0.49
	1.05
	-0.47
	Primary Mined
	Global
	

	Gadolinium
	
	0.15
	0.5
	-0.29
	Total Refined
	Global
	

	Gallium
	
	0.4
	0.55
	-0.73
	Primary Refined
	Global
	

	Germanium
	
	0.5
	1.04
	-0.48
	Primary Refined
	Global
	

	Gold
	
	0.04
	0.29
	-0.13
	Primary Mined
	Global
	Average -0.36 in SR and 0.62 in LR (Dahl 2020)

	Graphite, Natural
	
	0.31
	0.56
	-0.54
	Primary Mined
	Global
	

	Graphite, Synthetic
	0.59
	
	
	
	Primary Refined
	Global
	

	Gypsum
	
	0.19
	0.52
	-0.37
	Primary Mined
	Global
	

	Hafnium
	
	0.18
	0.28
	-0.65
	Total Refined
	USA
	

	Helium
	
	0.58
	2.97
	-0.19
	Primary Refined
	Global
	

	Holmium
	
	0.05
	0.11
	-0.43
	Primary Mined
	Global
	

	Holmium
	
	0.09
	0.12
	-0.72
	Total Refined
	Global
	

	Indium
	
	0.3
	0.53
	-0.57
	Primary Refined
	Global
	0.08 in SR and 0.14 in LR (Polli 2016)

	Iodine
	
	0.1
	0.28
	-0.35
	Primary Mined
	Global
	

	Iridium
	
	0.09
	0.27
	-0.34
	Primary Mined
	Global
	

	Iron ore
	
	0.3
	0.64
	-0.47
	Primary Mined
	Global
	0.04 to 0.55 in SR and 0.06 to 1.63 in LR (Pnovolos 1987)

	Lanthanum
	
	0.02
	0.02
	-0.95
	Primary Mined
	Global
	

	Lanthanum
	
	0.21
	0.22
	-0.94
	Total Refined
	Global
	

	Lead
	
	0.07
	0.26
	-0.26
	Primary Mined
	Global
	0.24 in SR (Bogmans et al. 2024) ; 0.109 in SR (Choe 1990) and 0.31 to 0.33 in LR (Fisher et al. 1972)

	Lithium
	
	0.33
	0.6
	-0.56
	Primary Mined
	Global
	1.69 in SR and 2.55 in LR (Boer et al. 2021)

	Lutetium
	
	0.07
	0.12
	-0.53
	Primary Mined
	Global
	

	Magnesium compounds
	
	0.3
	
	
	Primary Mined
	Global
	

	Magnesium compounds
	
	0.43
	1.23
	-0.35
	Primary Mined
	USA
	

	Magnesium metal
	
	0.38
	1.57
	-0.24
	Primary Mined
	Global
	

	Manganese
	
	0.46
	2.24
	-0.21
	Primary Mined
	Global
	0.1 in SR and 0.56 (Dahl 2020); >1 (Brooks 1966)

	Mica (Natural, scrap and flake)
	
	0.28
	0.95
	-0.29
	Primary Mined
	Global
	

	Mica (Natural, sheet)
	
	0.18
	0.59
	-0.31
	Primary Mined
	Global
	

	Molybdenum
	
	0.14
	0.46
	-0.31
	Primary Mined
	Global
	

	Molybdenum
	
	0.2
	0.46
	-0.44
	Primary Mined
	USA
	

	Neodymium
	
	0.18
	0.2
	-0.9
	Total Refined
	Global
	

	Nickel
	
	0.31
	0.72
	-0.43
	Primary Mined
	Global
	0.71 in SR and 1.3 in LR (Boer et al. 2021); 0.356 to 1.28 in SR and 1.2 to 5.5 in LR (Rafati 1984b)

	Niobium
	
	0.48
	0.6
	-0.79
	Primary Mined
	Global
	

	Palladium
	
	0.09
	0.16
	-0.56
	Primary Mined
	Global
	

	Palladium
	
	0.28
	0.41
	-0.69
	Total
	Global
	

	PGM total
	
	0.15
	1.93
	-0.08
	Primary Mined
	Global
	

	Phosphate rock 
	
	0.07
	0.45
	-0.16
	Primary Mined
	Global
	

	Platinum
	
	0.27
	0.96
	-0.28
	Primary Mined
	Global
	

	Platinum
	
	0.29
	1.41
	-0.2
	Total
	Global
	

	Potash
	
	0.11
	1.34
	-0.08
	Primary Mined
	Global
	

	Praseodymium
	
	0.15
	0.2
	-0.77
	Total Refined
	Global
	

	REE total
	
	0.06
	
	
	Primary Mined
	Global
	

	REE total
	
	0.15
	
	
	Primary Refined
	Global
	

	Rhenium
	
	0.35
	0.95
	-0.36
	Primary Mined
	Global
	

	Rhodium
	
	0.03
	0.06
	-0.53
	Primary Mined
	Global
	

	Rhodium
	
	0.04
	0.12
	-0.32
	Total
	Global
	

	Ruthenium
	
	0.11
	0.18
	-0.62
	Primary Mined
	Global
	

	Samarium
	
	0.06
	0.48
	-0.13
	Total Refined
	Global
	

	Silicon (ferrosilicon)
	
	0.28
	1.09
	-0.25
	Primary Refined
	Global
	

	Silicon metal
	
	0.28
	0.73
	-0.38
	Primary Refined
	Global
	

	Silver
	0.36
	
	
	
	Primary Mined
	Global
	

	Strontium
	
	0.29
	0.65
	-0.45
	Primary Mined
	Global
	

	Tantalum
	0.65
	0.45
	2.46
	-0.19
	Primary Mined
	Global
	

	Tellurium
	0.18
	
	
	
	Primary Refined
	Global
	Average 0.02 in SR and 0.03 in LR (Polli 2016)

	Terbium
	
	0.09
	0.11
	-0.87
	Primary Mined
	Global
	

	Thulium
	
	0.53
	1.13
	-0.47
	Total Refined
	Global
	

	Tin
	
	0.25
	0.73
	-0.34
	Primary Mined
	Global
	

	Titanium & titanium dioxide
	
	0.16
	0.81
	-0.2
	Total Refined
	USA
	

	Titanium metal
	0.27
	
	
	
	Primary Mined
	Global
	

	Tungsten
	
	0.08
	0.14
	-0.54
	Primary Mined
	Global
	0.11 in SR and 0.39 to 0.95 in LR (Burrows 1974; Tan 1977)

	Vanadium
	
	0.12
	0.6
	-0.21
	Primary Mined
	Global
	

	Ytterbium
	
	0.01
	0.01
	-0.97
	Primary Mined
	Global
	

	Ytterbium
	
	0.06
	0.09
	-0.73
	Total Refined
	Global
	

	Yttrium
	
	0.14
	0.44
	-0.32
	Total Refined
	Global
	

	Zinc
	
	0.06
	0.36
	-0.16
	Primary Mined
	Global
	0.085 static (Choe 1990)

	Zirconium
	
	0.24
	0.45
	-0.54
	Primary Mined
	Global
	



Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government. 
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