
Urban NOx Chemistry

Thomas Karl
LFU - ACP group: Stichaner, Lamprecht, Striednig, Graus, Peron, Jud

JRC Unit C5: Jensen
NCAR: Lenschow, CASE Wester RU: Gurarie

WUR: Vila-Guerau de Arellano
Luftblick: Cede, Tiefengraber

ESA/EUMETSAT/ECMWF, 2023



Ozone in the EU - CAMS
Ozone ppbv – all year

O
3 [ppbv]

Effect of excessive NOx in Europe



O
3 [ppbv]

Ozone ppbv – JJA

Summer Time Ozone



Historical Trends for trop. O3

https://www.elementascience.org/articles/10.
12952/journal.elementa.000029/



NOx all year
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European NO2 AQ penalty due to climate policy dating back to Kyoto
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Global Emission Estimates: 
Trace Gases
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NOx_FT_2000

		National NOx emissions per source category

		Year: 2000

		Unit: Gg NO2

		Source: EDGAR FT

				01: CAN		02: USA		03: OECD EUROPE		04: OCEANICA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTH EAST ASIA		Grand Total

		B10-INDUSTRY		0.0		10.4		2.4		3.3		0.0		3.0		3.0		183.1		104.0		4.0		162.1		45.4		74.3		594.9

		B20-POWER GENERATION		3.6		107.5		126.0		8.8		38.4		3.4		23.7		47.1		3.0		2.5		6.5		0.0		5.1		375.5

		B30-CHARCOAL PRODUCTION		0.0		0.2		0.1		0.0		0.0		0.0		0.0		0.5		7.9		0.0		0.5		0.0		0.9		10.2

		B40-RCO: RESIDENTIAL		11.4		170.1		63.5		16.3		0.5		48.7		157.4		222.0		1762.6		75.2		2269.3		1528.5		849.6		7175.1

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		53.6		0.0		0.0		0.0		0.0		0.0		53.6

		F10-INDUSTRIAL SECTOR		156.5		2350.6		907.6		116.3		364.5		420.3		747.6		456.5		251.4		393.7		690.7		2520.6		253.6		9630.0

		F20-POWER GENERATION		439.5		4857.9		1636.6		675.0		268.7		969.8		3962.8		826.0		1107.2		989.2		2243.4		6119.5		696.3		24792.0

		F30-OTS (ALL)		41.7		391.7		275.7		25.9		119.0		192.8		392.7		132.0		50.7		119.5		57.4		396.1		64.5		2259.7

		F40-RCO SECTOR(RES+COM+OTH)		81.2		570.0		576.8		16.6		92.0		100.9		656.2		127.0		71.4		214.0		53.4		400.7		64.4		3024.5

		F51-ROAD TRANSP.(INCL. EVA)		1171.9		6316.5		4623.2		678.6		1269.4		718.2		757.9		3672.3		1447.0		2258.7		1711.1		2376.5		1469.7		28471.2

		F54-TRANS. LAND NON-ROAD		174.9		886.2		1788.4		121.1		143.2		51.7		945.1		541.5		71.6		19.1		159.7		842.7		115.5		5860.7

		F57-AIR TRANSPORT		56.1		897.1		491.3		53.5		107.5		14.1		108.5		126.4		73.2		134.1		38.1		136.8		91.3		2327.9

		F58-INTERNATIONAL SHIPPING		43.7		1928.9		2578.9		87.3		430.8		36.2		455.8		611.4		556.8		1066.6		63.6		836.1		878.1		9574.1

		F80-OIL PRODUCTION		4.4		3.5		68.7		58.3		0.1		20.8		11.0		31.1		98.8		121.2		5.5		3.8		20.1		447.3

		I10: IRO: IRON&STEEL		3.4		31.9		168.0		10.0		159.6		55.3		167.0		58.1		8.9		11.2		28.6		340.9		9.1		1051.9

		I20: NFE: NON-FERRO		27.1		114.2		466.3		4.2		11.8		59.9		89.0		31.3		18.8		28.6		7.4		142.5		7.3		1008.3

		I40: BUILDING MATERIALS		37.8		264.3		596.5		25.9		243.3		123.1		142.5		366.8		216.6		328.5		330.0		2013.6		275.6		4964.7

		I50-PAP: PULP & PAPER		19.5		70.7		31.5		1.6		14.7		2.9		5.6		14.8		2.3		0.3		3.5		3.3		7.3		177.9

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		62.2		0.0		0.0		0.0		2831.4		2391.7		0.0		91.8		16.7		852.9		6246.7

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		16.9		0.0		1004.6		0.0		0.0		0.0		4558.6		7935.0		0.4		135.7		62.8		1489.7		15203.7

		L43-BB-AGRIC. WASTE BURNING		6.9		46.2		38.1		28.6		4.2		58.5		87.4		130.5		99.9		97.6		26.4		16.4		99.1		739.7

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		120.0		111.6		0.3		32.7		0.7		0.0		243.3		42.2		9.1		0.0		0.0		0.0		0.0		559.9

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		41.7		194.7		38.2		350.8		7.6		12.8		351.3		555.6		278.2		5.3		26.9		53.6		0.0		1916.6

		W40-WASTE INCINER.(NON-ENERGY)		5.1		47.8		6.4		2.5		20.6		3.7		7.1		10.5		7.5		4.4		9.8		13.3		4.9		143.6

		Grand Total		2447		19389		14484		3384		3297		2896		9315		15630		16574		5874		8121		17870		7329		126610

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)		168.6		369.4		76.5		1478.8		12.5		71.3		682.0		8118.2		10714.0		103.3		280.8		149.4		2441.7		24667

		TOTAL BB (Tg)		0.17		0.37		0.08		1.48		0.01		0.07		0.68		8.12		10.71		0.10		0.28		0.15		2.44		25

		TOTAL ANTHRO (Tg)		2.3		19.0		14.4		1.9		3.3		2.8		8.6		7.5		5.9		5.8		7.8		17.7		4.9		102

		Total BB (Tg Nox) GFEDv2 ** Nox as NO																												10		Tg Nox as NO

		Total BB (Tg Nox) GFEDv2 ** Nox as NO																												16		Tg NO2

		TOTAL BB (Tg NOX) Andreaa (** Nox as NO)																												10		* Same as GFED

		Biogenic NOX																												7		TgN

		Yan, X., T. Ohara, and H. Akimoto (2005), Statistical modeling of global soil NOx emissions, Global Biogeochem. Cycles,																												12		TgNO2

		19, GB3019, doi:10.1029/2004GB002276.

		Yienger & Levy, 1995																												5.5		TgN

		Soil 4 to 21 Tg of nitrogen per year.																												9		TgNO2





CO

		National CO emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		B10-INDUSTRY				01: CAN		02: USA		03: OECD EUROPE		04: OCEANICA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTH EAST ASIA		Grand Total

		B20-POWER GENERATION		B10		0.0		0.1		1.5		12.1		0.0		0.0		0.0		1380.2		1256.5		47.9		1585.1		544.2		844.2		5672.3

		B30-CHARCOAL PRODUCTION		B20		2.0		62.2		76.4		5.0		21.9		2.1		13.2		25.9		1.7		1.4		3.6		0.0		2.8		218.0

		B40-RCO: RESIDENTIAL		B30		0.0		156.9		45.4		17.4		7.8		28.1		13.4		381.5		5541.5		9.2		349.0		0.0		623.8		7174.3

		B51-ROAD TRANSPORT		B40		380.5		5671.4		2169.9		553.9		24.1		1641.3		5253.7		7467.6		61000.0		2499.4		71386.4		50614.1		28696.2		237371.1

		F10-INDUSTRIAL SECTOR		B51		0.0		0.1		0.0		0.0		0.0		0.0		0.0		335.4		0.0		0.0		0.0		0.0		0.0		335.6

		F20-POWER GENERATION		F10		41.5		429.7		300.4		43.1		239.2		107.5		300.7		155.5		94.7		105.4		336.2		1430.5		80.6		3665.0

		F30-OTS (ALL)		F20		24.2		458.3		180.6		38.5		84.0		61.2		285.4		58.7		66.3		75.6		121.3		322.1		49.5		1826.3

		F40-RCO SECTOR(RES+COM+OTH)		F30		1.8		16.2		21.8		3.0		30.5		22.5		52.3		6.3		1.8		2.0		5.2		81.3		0.1		244.9

		F51-ROAD TRANSP.(INCL. EVA)		F40		93.9		873.4		2073.0		68.0		155.9		2415.9		6820.0		92.5		701.1		566.8		46.7		12901.0		605.0		27413.4

		F54-TRANS. LAND NON-ROAD		F51		6170.6		57949.6		16597.4		2489.8		5433.9		4579.6		6055.0		23681.0		9423.5		16162.0		5783.8		20591.7		10894.6		185914.8

		F57-AIR TRANSPORT		F54		32.4		2759.1		792.4		25.6		25.1		13.4		7429.3		182.3		72.5		3.7		29.0		1423.1		21.3		12809.3

		F58-INTERNATIONAL SHIPPING		F57		43.3		692.3		379.0		41.3		83.0		10.9		83.7		96.2		56.6		79.8		29.4		105.5		69.9		1771.5

		F80-OIL PRODUCTION		F58		0.5		21.2		28.5		1.0		4.0		0.4		5.3		6.8		5.9		9.8		0.7		9.2		8.7		101.9

		I10: IRO: IRON&STEEL		F80		98.8		78.2		1559.8		1322.5		2.8		472.6		248.6		706.1		2242.8		2754.9		124.9		86.3		446.3		10153.0

		I20: NFE: NON-FERRO		I10		321.2		2048.3		5508.5		339.4		4686.3		1505.1		5958.2		1908.5		376.0		478.3		1088.2		9291.6		218.7		33728.3

		I40: BUILDING MATERIALS		I20		9.5		14.7		15.2		8.2		0.0		2.7		14.7		8.7		4.5		4.7		2.6		11.2		0.6		97.2

		I50-PAP: PULP & PAPER		I50		72.9		268.3		115.5		4.5		6.7		36.0		8.8		44.4		48.6		40.9		0.0		10.4		7.2		664.1

		L41: TROPICAL FOREST FIRES*		L41*		0.0		0.0		0.0		1916.1		0.0		0.0		0.0		87238.9		73693.7		0.0		2828.6		515.2		25979.0		192470.5

		L42: SAVANNAH AND SHRUBS FIRES*		L42*		0.0		311.9		0.0		18555.2		0.0		0.0		0.0		84201.2		146567.8		8.0		2507.2		1159.9		27516.8		280828.0

		L43-BB-AGRIC. WASTE BURNING		L43		153.5		1023.4		843.7		633.4		94.1		1295.9		1936.9		2892.0		2215.5		2163.3		585.9		362.5		2196.7		16397.3

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		L44*		3696.4		3437.7		8.4		1354.4		21.1		0.0		7494.4		2300.1		349.6		0.0		0.0		0.5		0.0		18662.7

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		L47*		770.4		3597.2		705.5		6478.9		139.8		237.0		6489.4		10262.9		5138.1		97.0		496.3		989.3		0.0		35401.8

		W40-WASTE INCINER.(NON-ENERGY)		W40		137.1		1274.2		171.4		66.1		549.0		99.6		188.7		279.9		201.1		118.1		262.0		354.0		129.2		3830.6

		Grand Total		Grand Total		12050		81144		31595		33977		11609		12532		48652		223713		309060		25228		87572		100804		98391		1076752

				* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)				4620		9644		1729		27088		804		1633		16109		99936		154472		2386		3851		2866		29843		355120

		TOTAL BB (Tg)				5		10		2		27		1		2		16		100		154		2		4		3		30		355

		TOTAL ANTHRO (Tg)				7.4		72.8		30.0		5.0		11.4		11.0		32.7		36.8		81.1		23.0		81.2		97.8		42.7		533

		Total CO (tg) GFEDv2 2000																														338

		Total CO (Tg) Andreae																														366





NMHCs

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		iso3		01: CANADA		02: USA		03: OECD EUROPE		04: OCEANIA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTHEAST ASIA		Grand Total

		B10-INDUSTRY		0.0		0.7		0.5		0.9		0.0		0.2		0.2		339.9		133.8		3.1		196.2		29.5		67.4		772.2

		B20-POWER GENERATION		1.2		29.0		27.4		2.7		11.1		0.8		7.4		15.3		1.0		0.8		2.1		0.0		1.6		100.3

		B30-CHARCOAL PRODUCTION		0.0		38.1		11.0		4.2		1.9		6.8		3.3		92.7		1345.8		2.2		84.8		0.0		151.6		1742.3

		B40-RCO: RESIDENTIAL		45.6		680.6		249.5		64.8		1.6		193.2		629.2		882.8		6508.6		294.1		8348.1		6063.4		3366.2		27327.6

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		70.5		0.0		0.0		0.0		0.0		0.0		70.5

		F10-INDUSTRIAL SECTOR		6.6		35.0		36.5		6.7		27.2		17.0		48.0		23.1		13.3		16.6		46.3		190.7		12.1		479.0

		F20-POWER GENERATION		2.6		77.3		32.5		2.7		14.0		10.7		46.8		11.2		9.4		14.3		13.9		34.8		8.8		279.0

		F30-OTS (ALL)		82.8		539.8		298.6		70.1		235.1		61.4		1166.5		325.8		118.5		318.6		124.9		440.7		171.9		3954.7

		F40-RCO SECTOR(RES+COM+OTH)		9.1		72.6		107.7		3.4		8.2		84.2		296.5		8.5		30.0		28.3		3.0		517.0		24.6		1193.1

		F51-ROAD TRANSP.(INCL. EVA)		1310.8		6648.2		4197.6		765.1		1845.2		1031.7		748.2		4256.9		1517.6		2521.4		1941.9		3221.3		3747.9		33753.9

		F54-TRANS. LAND NON-ROAD		14.5		80.5		146.6		15.0		10.9		5.5		4123.4		58.3		5.6		1.6		13.5		96.8		9.6		4581.9

		F57-AIR TRANSPORT		13.6		216.5		118.6		12.9		25.9		3.4		26.2		30.3		17.7		21.3		9.2		33.0		22.0		550.5

		F58-INTERNATIONAL SHIPPING		0.1		3.4		4.5		0.1		0.8		0.1		0.8		1.1		1.0		1.9		0.1		1.5		1.5		16.8

		F80-OIL PRODUCTION		942.5		61.5		3001.4		134.1		5.1		125.1		3256.1		4421.5		3451.4		9785.7		331.7		1259.3		1188.8		27964.3

		F90-GAS PROD./TRANSM.		336.4		1506.5		164.9		34.5		60.7		142.6		2155.4		214.1		145.6		315.9		84.0		72.5		179.7		5412.8

		I10: IRO: IRON&STEEL		1.8		11.8		27.8		1.6		22.4		6.7		22.0		10.1		2.2		3.1		5.4		44.9		1.5		161.3

		I30: CHE: CHEMICALS		44.9		430.2		284.4		9.7		223.0		499.7		77.1		82.8		4.2		12.1		35.4		121.0		7.2		1831.7

		I50-PAP: PULP & PAPER		48.2		174.4		77.7		4.0		36.2		7.2		13.7		36.5		5.7		0.8		8.5		8.0		18.0		438.8

		I60: FOO: FOOD (BEER&WINE)		8.2		72.4		90.4		9.4		12.2		56.2		128.4		40.9		25.0		3.2		0.7		8.4		1.9		457.0

		I70: SOL: SOLVENT USE/MISC.		450.0		5787.3		4733.7		244.4		2144.6		731.2		2224.0		1476.4		797.0		582.5		761.0		2338.7		961.4		23232.1

		I90: MIS: IND. MISCELLANEOUS		14.3		174.0		125.4		3.5		93.4		13.5		34.1		31.8		2.0		2.6		6.5		44.7		2.5		548.3

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		133.0		0.0		0.0		0.0		6055.9		5115.6		0.0		196.4		35.8		1824.2		13360.8

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		25.8		0.0		1535.1		0.0		0.0		0.0		6966.1		12125.7		0.7		207.4		96.0		2276.5		23233.2

		L43-BB-AGRIC. WASTE BURNING		18.5		123.1		101.5		76.2		11.3		155.9		233.0		347.9		266.5		260.2		70.5		43.6		264.3		1972.6

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		1332.6		1239.4		3.0		615.8		7.6		0.0		2701.8		1198.3		151.6		0.0		0.0		0.2		0.0		7250.4

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		63.7		297.6		58.4		536.0		11.6		19.6		536.9		849.1		425.1		8.0		41.1		81.8		0.0		2928.8

		W40-WASTE INCINER.(NON-ENERGY)		17.1		159.3		21.4		8.3		68.6		12.5		23.6		35.0		25.1		14.8		32.8		44.2		16.2		478.8

		W50-MISC. WASTE HANDLING		43.5		557.7		477.1		23.5		213.0		75.1		229.3		141.4		74.8		54.0		73.0		170.5		89.6		2222.5

		Grand Total		4809		19043		14398		4318		5092		3260		18732		28024		32320		14268		12638		14998		14417		186315

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)		1415		1686		163		2896		31		176		3472		15417		18085		269		515		257		4365		48746

		TOTAL BB (Tg)		1		2		0		3		0		0		3		15		18		0		1		0		4		49

		TOTAL ANTHRO (Tg)		3		17		14		1		5		3		15		13		14		14		12		15		10		138

		Total NMHCs GFEDv2 (Tg)																												21

		Total NMHCs Andreae (Tg)																												29





Andreae

		

				Values are given in mass of species per year (Tg yrÿ1).

				Left off		Biofuel		CharcMak		CharcBurn

				TOTAL

		CO2		6275

		CO		366

		CH4		24

		NMHC		29

		C2H2		1

		C2H4		5

		C2H6		4

		C3H4		0

		C3H6		3

		C3H8		2

		1-butene		0

		i-butene		0

		tr-2-butene		0

		cis-2-butene		0

		butadiene		0

		n-butane		0

		i-butane		0

		1-pentene		0

		n-pentane		0

		2-Me-Butene		0

		2-Me-butane		0

		Isoprene		1

		cyclopentene		0

		cyclopentadiene		0

		4-me-1-pentene		0

		1-hexene		0

		n-hexane		0

		isohexanes		0

		heptane		0

		octenes		0

		terpenes		0

		benzene		2

		toluene		1

		xylenes		0

		ethylbenzene		0

		styrene		0

		PAH		0

		Methanol		12

		Ethanol		0

		1-Propanol		0

		Butanols		0

		cyclopentanol		0

		phenol		1

		Formaldehyde		6

		Acetald		6

		Hydroxyacetaldehyde		4

		Glyoxal		4

		Methylglyoxal		3

		Acolein		2

		Propanal		0

		Butanals		1

		Methacrolein		0

		Crotonaldehyde		0

		Hexanals		0

		Heptanals		0

		Acetone		3

		2-Butanone		2

		2,3-Butanedione		4

		Methyvinyl ketone		0

		Pentanones		0

		Heptanones		0

		Octanones		0

		Benzaldehyde		0

		Acetol (hydroxyacetone)		0

		Furan		2

		2-Me-Furan		2

		3-Me-Furan		0

		2-ethylfuran		0

		2,4-dime-furan		0

		2,5-Dime-furan		0

		Tetrahydrofuran		0

		2,3-dihydrofuran		0

		benzofuran		0

		Furfural		3

		Me-format		0

		Me-Acetate		0

		Acetonitrile		2

		Acrylonitrile

		Propionitrile

		pyrrole

		trimethypyazole

		methylamine

		dimethylamine

		ethylamine

		trimethylamine

		n-pentylamine

		2-me-1-butylamine

		HFo		4

		HAc		16

		H2		9

		NOx		10

		NOy

		HONO		1

		N2O		1

		NH3		5

		HCN		2

		cyanogen

		N2		11

		SO2		2

		DMS		0

		COS		0

		CH3Cl		0

		CH3Br		0

		CH3I

		Hg

		PM2.5

		TPM

		TC

		OC

		BC

		Levoglucosan

		K

		CN

		CCN (1% SS)

		N(acc)





GFEDv2

		GFEDv2 for 2000

		DATE		CO		CH4		BC		NOx		NMHC		OC		PM2p5		TPM

		20000115		35.71271		1.51306		0.25082		1.17074		2.13786		1.82639		2.88622		4.40112

		20000215		27.22534		1.34944		0.184		0.77377		1.78549		1.39911		2.27751		3.0444

		20000315		18.43676		1.04374		0.11903		0.44393		1.30824		0.96886		1.61335		1.87877

		20000415		25.65584		1.53604		0.16115		0.56476		1.87964		1.38103		2.31318		2.52289

		20000515		26.62614		1.28031		0.16231		0.7489		1.61655		1.77173		2.68757		3.59461

		20000615		22.24366		0.9592		0.14527		0.70186		1.29178		1.35701		2.06154		3.01445

		20000715		30.57208		1.27164		0.20893		1.00544		1.77707		1.70382		2.62737		3.99845

		20000815		40.05097		1.66854		0.27733		1.3218		2.34932		2.15338		3.3504		5.12602

		20000915		35.15782		1.47172		0.24597		1.16069		2.08226		1.83139		2.87429		4.40753

		20001015		23.72474		1.05318		0.15497		0.73224		1.40749		1.42448		2.18257		3.13474

		20001115		17.6212		0.71827		0.12154		0.5894		1.0156		0.96925		1.49417		2.31106

		20001215		34.76662		1.29448		0.25052		1.2475		1.93822		1.77673		2.74518		4.5742

		TOTAL		338		15		2		10		21		19		29		42





EPA_NEI2000

		2002 NEI		1 ton [short, US] = 9.0718474e-7 teragram

				CO (thousands of tons)		CO (tons)		CO (Tg)		Nox (thousands of tons)		NOx (tons)		NOx (Tg)		VOC (thousands of tons)		VOC (tons)		VOC (Tg)

		FIRES		12049		12049000		10.9		263		263000		0.2		615		615000		0.6

		TOTAL w/o fires		102418		102418000		92.9		22,335		22335000		20.3		16898		16898000		15.3





FOR_SLIDES

		Source		Amount Tg(NO2)		Amount Tg (CO)		Amount (Tg VOC)

		Anthro		102		533		138

		Biogenic		12		10		1200

		Fires		10		355		49

		New global budgets confirm that

		biogenic emissions and biomass burning are the two largest

		global sources of NMOC with an estimated production of approximately

		1000 (770–1400) and 500 (250–630) Tg/yr, respectively.

		Yokelson et al., ACP, 2008
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NOx_FT_2000

		National NOx emissions per source category

		Year: 2000

		Unit: Gg NO2

		Source: EDGAR FT

				01: CAN		02: USA		03: OECD EUROPE		04: OCEANICA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTH EAST ASIA		Grand Total

		B10-INDUSTRY		0.0		10.4		2.4		3.3		0.0		3.0		3.0		183.1		104.0		4.0		162.1		45.4		74.3		594.9

		B20-POWER GENERATION		3.6		107.5		126.0		8.8		38.4		3.4		23.7		47.1		3.0		2.5		6.5		0.0		5.1		375.5

		B30-CHARCOAL PRODUCTION		0.0		0.2		0.1		0.0		0.0		0.0		0.0		0.5		7.9		0.0		0.5		0.0		0.9		10.2

		B40-RCO: RESIDENTIAL		11.4		170.1		63.5		16.3		0.5		48.7		157.4		222.0		1762.6		75.2		2269.3		1528.5		849.6		7175.1

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		53.6		0.0		0.0		0.0		0.0		0.0		53.6

		F10-INDUSTRIAL SECTOR		156.5		2350.6		907.6		116.3		364.5		420.3		747.6		456.5		251.4		393.7		690.7		2520.6		253.6		9630.0

		F20-POWER GENERATION		439.5		4857.9		1636.6		675.0		268.7		969.8		3962.8		826.0		1107.2		989.2		2243.4		6119.5		696.3		24792.0

		F30-OTS (ALL)		41.7		391.7		275.7		25.9		119.0		192.8		392.7		132.0		50.7		119.5		57.4		396.1		64.5		2259.7

		F40-RCO SECTOR(RES+COM+OTH)		81.2		570.0		576.8		16.6		92.0		100.9		656.2		127.0		71.4		214.0		53.4		400.7		64.4		3024.5

		F51-ROAD TRANSP.(INCL. EVA)		1171.9		6316.5		4623.2		678.6		1269.4		718.2		757.9		3672.3		1447.0		2258.7		1711.1		2376.5		1469.7		28471.2

		F54-TRANS. LAND NON-ROAD		174.9		886.2		1788.4		121.1		143.2		51.7		945.1		541.5		71.6		19.1		159.7		842.7		115.5		5860.7

		F57-AIR TRANSPORT		56.1		897.1		491.3		53.5		107.5		14.1		108.5		126.4		73.2		134.1		38.1		136.8		91.3		2327.9

		F58-INTERNATIONAL SHIPPING		43.7		1928.9		2578.9		87.3		430.8		36.2		455.8		611.4		556.8		1066.6		63.6		836.1		878.1		9574.1

		F80-OIL PRODUCTION		4.4		3.5		68.7		58.3		0.1		20.8		11.0		31.1		98.8		121.2		5.5		3.8		20.1		447.3

		I10: IRO: IRON&STEEL		3.4		31.9		168.0		10.0		159.6		55.3		167.0		58.1		8.9		11.2		28.6		340.9		9.1		1051.9

		I20: NFE: NON-FERRO		27.1		114.2		466.3		4.2		11.8		59.9		89.0		31.3		18.8		28.6		7.4		142.5		7.3		1008.3

		I40: BUILDING MATERIALS		37.8		264.3		596.5		25.9		243.3		123.1		142.5		366.8		216.6		328.5		330.0		2013.6		275.6		4964.7

		I50-PAP: PULP & PAPER		19.5		70.7		31.5		1.6		14.7		2.9		5.6		14.8		2.3		0.3		3.5		3.3		7.3		177.9

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		62.2		0.0		0.0		0.0		2831.4		2391.7		0.0		91.8		16.7		852.9		6246.7

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		16.9		0.0		1004.6		0.0		0.0		0.0		4558.6		7935.0		0.4		135.7		62.8		1489.7		15203.7

		L43-BB-AGRIC. WASTE BURNING		6.9		46.2		38.1		28.6		4.2		58.5		87.4		130.5		99.9		97.6		26.4		16.4		99.1		739.7

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		120.0		111.6		0.3		32.7		0.7		0.0		243.3		42.2		9.1		0.0		0.0		0.0		0.0		559.9

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		41.7		194.7		38.2		350.8		7.6		12.8		351.3		555.6		278.2		5.3		26.9		53.6		0.0		1916.6

		W40-WASTE INCINER.(NON-ENERGY)		5.1		47.8		6.4		2.5		20.6		3.7		7.1		10.5		7.5		4.4		9.8		13.3		4.9		143.6

		Grand Total		2447		19389		14484		3384		3297		2896		9315		15630		16574		5874		8121		17870		7329		126610

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)		168.6		369.4		76.5		1478.8		12.5		71.3		682.0		8118.2		10714.0		103.3		280.8		149.4		2441.7		24667

		TOTAL BB (Tg)		0.17		0.37		0.08		1.48		0.01		0.07		0.68		8.12		10.71		0.10		0.28		0.15		2.44		25

		TOTAL ANTHRO (Tg)		2.3		19.0		14.4		1.9		3.3		2.8		8.6		7.5		5.9		5.8		7.8		17.7		4.9		102

		Total BB (Tg Nox) GFEDv2 ** Nox as NO																												10		Tg Nox as NO

		Total BB (Tg Nox) GFEDv2 ** Nox as NO																												16		Tg NO2

		TOTAL BB (Tg NOX) Andreaa (** Nox as NO)																												10		* Same as GFED

		Biogenic NOX																												7		TgN

		Yan, X., T. Ohara, and H. Akimoto (2005), Statistical modeling of global soil NOx emissions, Global Biogeochem. Cycles,																												12		TgNO2

		19, GB3019, doi:10.1029/2004GB002276.

		Yienger & Levy, 1995																												5.5		TgN

		Soil 4 to 21 Tg of nitrogen per year.																												9		TgNO2





CO

		National CO emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		B10-INDUSTRY				01: CAN		02: USA		03: OECD EUROPE		04: OCEANICA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTH EAST ASIA		Grand Total

		B20-POWER GENERATION		B10		0.0		0.1		1.5		12.1		0.0		0.0		0.0		1380.2		1256.5		47.9		1585.1		544.2		844.2		5672.3

		B30-CHARCOAL PRODUCTION		B20		2.0		62.2		76.4		5.0		21.9		2.1		13.2		25.9		1.7		1.4		3.6		0.0		2.8		218.0

		B40-RCO: RESIDENTIAL		B30		0.0		156.9		45.4		17.4		7.8		28.1		13.4		381.5		5541.5		9.2		349.0		0.0		623.8		7174.3

		B51-ROAD TRANSPORT		B40		380.5		5671.4		2169.9		553.9		24.1		1641.3		5253.7		7467.6		61000.0		2499.4		71386.4		50614.1		28696.2		237371.1

		F10-INDUSTRIAL SECTOR		B51		0.0		0.1		0.0		0.0		0.0		0.0		0.0		335.4		0.0		0.0		0.0		0.0		0.0		335.6

		F20-POWER GENERATION		F10		41.5		429.7		300.4		43.1		239.2		107.5		300.7		155.5		94.7		105.4		336.2		1430.5		80.6		3665.0

		F30-OTS (ALL)		F20		24.2		458.3		180.6		38.5		84.0		61.2		285.4		58.7		66.3		75.6		121.3		322.1		49.5		1826.3

		F40-RCO SECTOR(RES+COM+OTH)		F30		1.8		16.2		21.8		3.0		30.5		22.5		52.3		6.3		1.8		2.0		5.2		81.3		0.1		244.9

		F51-ROAD TRANSP.(INCL. EVA)		F40		93.9		873.4		2073.0		68.0		155.9		2415.9		6820.0		92.5		701.1		566.8		46.7		12901.0		605.0		27413.4

		F54-TRANS. LAND NON-ROAD		F51		6170.6		57949.6		16597.4		2489.8		5433.9		4579.6		6055.0		23681.0		9423.5		16162.0		5783.8		20591.7		10894.6		185914.8

		F57-AIR TRANSPORT		F54		32.4		2759.1		792.4		25.6		25.1		13.4		7429.3		182.3		72.5		3.7		29.0		1423.1		21.3		12809.3

		F58-INTERNATIONAL SHIPPING		F57		43.3		692.3		379.0		41.3		83.0		10.9		83.7		96.2		56.6		79.8		29.4		105.5		69.9		1771.5

		F80-OIL PRODUCTION		F58		0.5		21.2		28.5		1.0		4.0		0.4		5.3		6.8		5.9		9.8		0.7		9.2		8.7		101.9

		I10: IRO: IRON&STEEL		F80		98.8		78.2		1559.8		1322.5		2.8		472.6		248.6		706.1		2242.8		2754.9		124.9		86.3		446.3		10153.0

		I20: NFE: NON-FERRO		I10		321.2		2048.3		5508.5		339.4		4686.3		1505.1		5958.2		1908.5		376.0		478.3		1088.2		9291.6		218.7		33728.3

		I40: BUILDING MATERIALS		I20		9.5		14.7		15.2		8.2		0.0		2.7		14.7		8.7		4.5		4.7		2.6		11.2		0.6		97.2

		I50-PAP: PULP & PAPER		I50		72.9		268.3		115.5		4.5		6.7		36.0		8.8		44.4		48.6		40.9		0.0		10.4		7.2		664.1

		L41: TROPICAL FOREST FIRES*		L41*		0.0		0.0		0.0		1916.1		0.0		0.0		0.0		87238.9		73693.7		0.0		2828.6		515.2		25979.0		192470.5

		L42: SAVANNAH AND SHRUBS FIRES*		L42*		0.0		311.9		0.0		18555.2		0.0		0.0		0.0		84201.2		146567.8		8.0		2507.2		1159.9		27516.8		280828.0

		L43-BB-AGRIC. WASTE BURNING		L43		153.5		1023.4		843.7		633.4		94.1		1295.9		1936.9		2892.0		2215.5		2163.3		585.9		362.5		2196.7		16397.3

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		L44*		3696.4		3437.7		8.4		1354.4		21.1		0.0		7494.4		2300.1		349.6		0.0		0.0		0.5		0.0		18662.7

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		L47*		770.4		3597.2		705.5		6478.9		139.8		237.0		6489.4		10262.9		5138.1		97.0		496.3		989.3		0.0		35401.8

		W40-WASTE INCINER.(NON-ENERGY)		W40		137.1		1274.2		171.4		66.1		549.0		99.6		188.7		279.9		201.1		118.1		262.0		354.0		129.2		3830.6

		Grand Total		Grand Total		12050		81144		31595		33977		11609		12532		48652		223713		309060		25228		87572		100804		98391		1076752

				* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)				4620		9644		1729		27088		804		1633		16109		99936		154472		2386		3851		2866		29843		355120

		TOTAL BB (Tg)				5		10		2		27		1		2		16		100		154		2		4		3		30		355

		TOTAL ANTHRO (Tg)				7.4		72.8		30.0		5.0		11.4		11.0		32.7		36.8		81.1		23.0		81.2		97.8		42.7		533

		Total CO (tg) GFEDv2 2000																														338

		Total CO (Tg) Andreae																														366





NMHCs

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		iso3		01: CANADA		02: USA		03: OECD EUROPE		04: OCEANIA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTHEAST ASIA		Grand Total

		B10-INDUSTRY		0.0		0.7		0.5		0.9		0.0		0.2		0.2		339.9		133.8		3.1		196.2		29.5		67.4		772.2

		B20-POWER GENERATION		1.2		29.0		27.4		2.7		11.1		0.8		7.4		15.3		1.0		0.8		2.1		0.0		1.6		100.3

		B30-CHARCOAL PRODUCTION		0.0		38.1		11.0		4.2		1.9		6.8		3.3		92.7		1345.8		2.2		84.8		0.0		151.6		1742.3

		B40-RCO: RESIDENTIAL		45.6		680.6		249.5		64.8		1.6		193.2		629.2		882.8		6508.6		294.1		8348.1		6063.4		3366.2		27327.6

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		70.5		0.0		0.0		0.0		0.0		0.0		70.5

		F10-INDUSTRIAL SECTOR		6.6		35.0		36.5		6.7		27.2		17.0		48.0		23.1		13.3		16.6		46.3		190.7		12.1		479.0

		F20-POWER GENERATION		2.6		77.3		32.5		2.7		14.0		10.7		46.8		11.2		9.4		14.3		13.9		34.8		8.8		279.0

		F30-OTS (ALL)		82.8		539.8		298.6		70.1		235.1		61.4		1166.5		325.8		118.5		318.6		124.9		440.7		171.9		3954.7

		F40-RCO SECTOR(RES+COM+OTH)		9.1		72.6		107.7		3.4		8.2		84.2		296.5		8.5		30.0		28.3		3.0		517.0		24.6		1193.1

		F51-ROAD TRANSP.(INCL. EVA)		1310.8		6648.2		4197.6		765.1		1845.2		1031.7		748.2		4256.9		1517.6		2521.4		1941.9		3221.3		3747.9		33753.9

		F54-TRANS. LAND NON-ROAD		14.5		80.5		146.6		15.0		10.9		5.5		4123.4		58.3		5.6		1.6		13.5		96.8		9.6		4581.9

		F57-AIR TRANSPORT		13.6		216.5		118.6		12.9		25.9		3.4		26.2		30.3		17.7		21.3		9.2		33.0		22.0		550.5

		F58-INTERNATIONAL SHIPPING		0.1		3.4		4.5		0.1		0.8		0.1		0.8		1.1		1.0		1.9		0.1		1.5		1.5		16.8

		F80-OIL PRODUCTION		942.5		61.5		3001.4		134.1		5.1		125.1		3256.1		4421.5		3451.4		9785.7		331.7		1259.3		1188.8		27964.3

		F90-GAS PROD./TRANSM.		336.4		1506.5		164.9		34.5		60.7		142.6		2155.4		214.1		145.6		315.9		84.0		72.5		179.7		5412.8

		I10: IRO: IRON&STEEL		1.8		11.8		27.8		1.6		22.4		6.7		22.0		10.1		2.2		3.1		5.4		44.9		1.5		161.3

		I30: CHE: CHEMICALS		44.9		430.2		284.4		9.7		223.0		499.7		77.1		82.8		4.2		12.1		35.4		121.0		7.2		1831.7

		I50-PAP: PULP & PAPER		48.2		174.4		77.7		4.0		36.2		7.2		13.7		36.5		5.7		0.8		8.5		8.0		18.0		438.8

		I60: FOO: FOOD (BEER&WINE)		8.2		72.4		90.4		9.4		12.2		56.2		128.4		40.9		25.0		3.2		0.7		8.4		1.9		457.0

		I70: SOL: SOLVENT USE/MISC.		450.0		5787.3		4733.7		244.4		2144.6		731.2		2224.0		1476.4		797.0		582.5		761.0		2338.7		961.4		23232.1

		I90: MIS: IND. MISCELLANEOUS		14.3		174.0		125.4		3.5		93.4		13.5		34.1		31.8		2.0		2.6		6.5		44.7		2.5		548.3

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		133.0		0.0		0.0		0.0		6055.9		5115.6		0.0		196.4		35.8		1824.2		13360.8

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		25.8		0.0		1535.1		0.0		0.0		0.0		6966.1		12125.7		0.7		207.4		96.0		2276.5		23233.2

		L43-BB-AGRIC. WASTE BURNING		18.5		123.1		101.5		76.2		11.3		155.9		233.0		347.9		266.5		260.2		70.5		43.6		264.3		1972.6

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		1332.6		1239.4		3.0		615.8		7.6		0.0		2701.8		1198.3		151.6		0.0		0.0		0.2		0.0		7250.4

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		63.7		297.6		58.4		536.0		11.6		19.6		536.9		849.1		425.1		8.0		41.1		81.8		0.0		2928.8

		W40-WASTE INCINER.(NON-ENERGY)		17.1		159.3		21.4		8.3		68.6		12.5		23.6		35.0		25.1		14.8		32.8		44.2		16.2		478.8

		W50-MISC. WASTE HANDLING		43.5		557.7		477.1		23.5		213.0		75.1		229.3		141.4		74.8		54.0		73.0		170.5		89.6		2222.5

		Grand Total		4809		19043		14398		4318		5092		3260		18732		28024		32320		14268		12638		14998		14417		186315

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)		1415		1686		163		2896		31		176		3472		15417		18085		269		515		257		4365		48746

		TOTAL BB (Tg)		1		2		0		3		0		0		3		15		18		0		1		0		4		49

		TOTAL ANTHRO (Tg)		3		17		14		1		5		3		15		13		14		14		12		15		10		138

		Total NMHCs GFEDv2 (Tg)																												21

		Total NMHCs Andreae (Tg)																												29





Andreae

		

				Values are given in mass of species per year (Tg yrÿ1).

				Left off		Biofuel		CharcMak		CharcBurn

				TOTAL

		CO2		6275

		CO		366

		CH4		24

		NMHC		29

		C2H2		1

		C2H4		5

		C2H6		4

		C3H4		0

		C3H6		3

		C3H8		2

		1-butene		0

		i-butene		0

		tr-2-butene		0

		cis-2-butene		0

		butadiene		0

		n-butane		0

		i-butane		0

		1-pentene		0

		n-pentane		0

		2-Me-Butene		0

		2-Me-butane		0

		Isoprene		1

		cyclopentene		0

		cyclopentadiene		0

		4-me-1-pentene		0

		1-hexene		0

		n-hexane		0

		isohexanes		0

		heptane		0

		octenes		0

		terpenes		0

		benzene		2

		toluene		1

		xylenes		0

		ethylbenzene		0

		styrene		0

		PAH		0

		Methanol		12

		Ethanol		0

		1-Propanol		0

		Butanols		0

		cyclopentanol		0

		phenol		1

		Formaldehyde		6

		Acetald		6

		Hydroxyacetaldehyde		4

		Glyoxal		4

		Methylglyoxal		3

		Acolein		2

		Propanal		0

		Butanals		1

		Methacrolein		0

		Crotonaldehyde		0

		Hexanals		0

		Heptanals		0

		Acetone		3

		2-Butanone		2

		2,3-Butanedione		4

		Methyvinyl ketone		0

		Pentanones		0

		Heptanones		0

		Octanones		0

		Benzaldehyde		0

		Acetol (hydroxyacetone)		0

		Furan		2

		2-Me-Furan		2

		3-Me-Furan		0

		2-ethylfuran		0

		2,4-dime-furan		0

		2,5-Dime-furan		0

		Tetrahydrofuran		0

		2,3-dihydrofuran		0

		benzofuran		0

		Furfural		3

		Me-format		0

		Me-Acetate		0

		Acetonitrile		2

		Acrylonitrile

		Propionitrile

		pyrrole

		trimethypyazole

		methylamine

		dimethylamine

		ethylamine

		trimethylamine

		n-pentylamine

		2-me-1-butylamine

		HFo		4

		HAc		16

		H2		9

		NOx		10

		NOy

		HONO		1

		N2O		1

		NH3		5

		HCN		2

		cyanogen

		N2		11

		SO2		2

		DMS		0

		COS		0

		CH3Cl		0

		CH3Br		0

		CH3I

		Hg

		PM2.5

		TPM

		TC

		OC

		BC

		Levoglucosan

		K

		CN

		CCN (1% SS)

		N(acc)





GFEDv2

		GFEDv2 for 2000

		DATE		CO		CH4		BC		NOx		NMHC		OC		PM2p5		TPM

		20000115		35.71271		1.51306		0.25082		1.17074		2.13786		1.82639		2.88622		4.40112

		20000215		27.22534		1.34944		0.184		0.77377		1.78549		1.39911		2.27751		3.0444

		20000315		18.43676		1.04374		0.11903		0.44393		1.30824		0.96886		1.61335		1.87877

		20000415		25.65584		1.53604		0.16115		0.56476		1.87964		1.38103		2.31318		2.52289

		20000515		26.62614		1.28031		0.16231		0.7489		1.61655		1.77173		2.68757		3.59461

		20000615		22.24366		0.9592		0.14527		0.70186		1.29178		1.35701		2.06154		3.01445

		20000715		30.57208		1.27164		0.20893		1.00544		1.77707		1.70382		2.62737		3.99845

		20000815		40.05097		1.66854		0.27733		1.3218		2.34932		2.15338		3.3504		5.12602

		20000915		35.15782		1.47172		0.24597		1.16069		2.08226		1.83139		2.87429		4.40753

		20001015		23.72474		1.05318		0.15497		0.73224		1.40749		1.42448		2.18257		3.13474

		20001115		17.6212		0.71827		0.12154		0.5894		1.0156		0.96925		1.49417		2.31106

		20001215		34.76662		1.29448		0.25052		1.2475		1.93822		1.77673		2.74518		4.5742

		TOTAL		338		15		2		10		21		19		29		42





EPA_NEI2000

		2002 NEI		1 ton [short, US] = 9.0718474e-7 teragram

				CO (thousands of tons)		CO (tons)		CO (Tg)		Nox (thousands of tons)		NOx (tons)		NOx (Tg)		VOC (thousands of tons)		VOC (tons)		VOC (Tg)

		FIRES		12049		12049000		10.9		263		263000		0.2		615		615000		0.6

		TOTAL w/o fires		102418		102418000		92.9		22,335		22335000		20.3		16898		16898000		15.3





FOR_SLIDES

		Source		Amount Tg(NO2)		Amount Tg (CO)		Amount (Tg VOC)		VOC

		Anthro		102		533		138		138

		Biogenic		12		10		1200		1200

		Fires		10		355		49		500

		New global budgets confirm that

		biogenic emissions and biomass burning are the two largest

		global sources of NMOC with an estimated production of approximately

		1000 (770–1400) and 500 (250–630) Tg/yr, respectively.

		Yokelson et al., ACP, 2008





FOR_SLIDES
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NOx_FT_2000

		National NOx emissions per source category

		Year: 2000

		Unit: Gg NO2

		Source: EDGAR FT

				01: CAN		02: USA		03: OECD EUROPE		04: OCEANICA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTH EAST ASIA		Grand Total

		B10-INDUSTRY		0.0		10.4		2.4		3.3		0.0		3.0		3.0		183.1		104.0		4.0		162.1		45.4		74.3		594.9

		B20-POWER GENERATION		3.6		107.5		126.0		8.8		38.4		3.4		23.7		47.1		3.0		2.5		6.5		0.0		5.1		375.5

		B30-CHARCOAL PRODUCTION		0.0		0.2		0.1		0.0		0.0		0.0		0.0		0.5		7.9		0.0		0.5		0.0		0.9		10.2

		B40-RCO: RESIDENTIAL		11.4		170.1		63.5		16.3		0.5		48.7		157.4		222.0		1762.6		75.2		2269.3		1528.5		849.6		7175.1

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		53.6		0.0		0.0		0.0		0.0		0.0		53.6

		F10-INDUSTRIAL SECTOR		156.5		2350.6		907.6		116.3		364.5		420.3		747.6		456.5		251.4		393.7		690.7		2520.6		253.6		9630.0

		F20-POWER GENERATION		439.5		4857.9		1636.6		675.0		268.7		969.8		3962.8		826.0		1107.2		989.2		2243.4		6119.5		696.3		24792.0

		F30-OTS (ALL)		41.7		391.7		275.7		25.9		119.0		192.8		392.7		132.0		50.7		119.5		57.4		396.1		64.5		2259.7

		F40-RCO SECTOR(RES+COM+OTH)		81.2		570.0		576.8		16.6		92.0		100.9		656.2		127.0		71.4		214.0		53.4		400.7		64.4		3024.5

		F51-ROAD TRANSP.(INCL. EVA)		1171.9		6316.5		4623.2		678.6		1269.4		718.2		757.9		3672.3		1447.0		2258.7		1711.1		2376.5		1469.7		28471.2

		F54-TRANS. LAND NON-ROAD		174.9		886.2		1788.4		121.1		143.2		51.7		945.1		541.5		71.6		19.1		159.7		842.7		115.5		5860.7

		F57-AIR TRANSPORT		56.1		897.1		491.3		53.5		107.5		14.1		108.5		126.4		73.2		134.1		38.1		136.8		91.3		2327.9

		F58-INTERNATIONAL SHIPPING		43.7		1928.9		2578.9		87.3		430.8		36.2		455.8		611.4		556.8		1066.6		63.6		836.1		878.1		9574.1

		F80-OIL PRODUCTION		4.4		3.5		68.7		58.3		0.1		20.8		11.0		31.1		98.8		121.2		5.5		3.8		20.1		447.3

		I10: IRO: IRON&STEEL		3.4		31.9		168.0		10.0		159.6		55.3		167.0		58.1		8.9		11.2		28.6		340.9		9.1		1051.9

		I20: NFE: NON-FERRO		27.1		114.2		466.3		4.2		11.8		59.9		89.0		31.3		18.8		28.6		7.4		142.5		7.3		1008.3

		I40: BUILDING MATERIALS		37.8		264.3		596.5		25.9		243.3		123.1		142.5		366.8		216.6		328.5		330.0		2013.6		275.6		4964.7

		I50-PAP: PULP & PAPER		19.5		70.7		31.5		1.6		14.7		2.9		5.6		14.8		2.3		0.3		3.5		3.3		7.3		177.9

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		62.2		0.0		0.0		0.0		2831.4		2391.7		0.0		91.8		16.7		852.9		6246.7

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		16.9		0.0		1004.6		0.0		0.0		0.0		4558.6		7935.0		0.4		135.7		62.8		1489.7		15203.7

		L43-BB-AGRIC. WASTE BURNING		6.9		46.2		38.1		28.6		4.2		58.5		87.4		130.5		99.9		97.6		26.4		16.4		99.1		739.7

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		120.0		111.6		0.3		32.7		0.7		0.0		243.3		42.2		9.1		0.0		0.0		0.0		0.0		559.9

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		41.7		194.7		38.2		350.8		7.6		12.8		351.3		555.6		278.2		5.3		26.9		53.6		0.0		1916.6

		W40-WASTE INCINER.(NON-ENERGY)		5.1		47.8		6.4		2.5		20.6		3.7		7.1		10.5		7.5		4.4		9.8		13.3		4.9		143.6

		Grand Total		2447		19389		14484		3384		3297		2896		9315		15630		16574		5874		8121		17870		7329		126610

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)		168.6		369.4		76.5		1478.8		12.5		71.3		682.0		8118.2		10714.0		103.3		280.8		149.4		2441.7		24667

		TOTAL BB (Tg)		0.17		0.37		0.08		1.48		0.01		0.07		0.68		8.12		10.71		0.10		0.28		0.15		2.44		25

		TOTAL ANTHRO (Tg)		2.3		19.0		14.4		1.9		3.3		2.8		8.6		7.5		5.9		5.8		7.8		17.7		4.9		102

		Total BB (Tg Nox) GFEDv2 ** Nox as NO																												10		Tg Nox as NO

		Total BB (Tg Nox) GFEDv2 ** Nox as NO																												16		Tg NO2

		TOTAL BB (Tg NOX) Andreaa (** Nox as NO)																												10		* Same as GFED

		Biogenic NOX																												7		TgN

		Yan, X., T. Ohara, and H. Akimoto (2005), Statistical modeling of global soil NOx emissions, Global Biogeochem. Cycles,																												12		TgNO2

		19, GB3019, doi:10.1029/2004GB002276.

		Yienger & Levy, 1995																												5.5		TgN

		Soil 4 to 21 Tg of nitrogen per year.																												9		TgNO2





CO

		National CO emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		B10-INDUSTRY				01: CAN		02: USA		03: OECD EUROPE		04: OCEANICA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTH EAST ASIA		Grand Total

		B20-POWER GENERATION		B10		0.0		0.1		1.5		12.1		0.0		0.0		0.0		1380.2		1256.5		47.9		1585.1		544.2		844.2		5672.3

		B30-CHARCOAL PRODUCTION		B20		2.0		62.2		76.4		5.0		21.9		2.1		13.2		25.9		1.7		1.4		3.6		0.0		2.8		218.0

		B40-RCO: RESIDENTIAL		B30		0.0		156.9		45.4		17.4		7.8		28.1		13.4		381.5		5541.5		9.2		349.0		0.0		623.8		7174.3

		B51-ROAD TRANSPORT		B40		380.5		5671.4		2169.9		553.9		24.1		1641.3		5253.7		7467.6		61000.0		2499.4		71386.4		50614.1		28696.2		237371.1

		F10-INDUSTRIAL SECTOR		B51		0.0		0.1		0.0		0.0		0.0		0.0		0.0		335.4		0.0		0.0		0.0		0.0		0.0		335.6

		F20-POWER GENERATION		F10		41.5		429.7		300.4		43.1		239.2		107.5		300.7		155.5		94.7		105.4		336.2		1430.5		80.6		3665.0

		F30-OTS (ALL)		F20		24.2		458.3		180.6		38.5		84.0		61.2		285.4		58.7		66.3		75.6		121.3		322.1		49.5		1826.3

		F40-RCO SECTOR(RES+COM+OTH)		F30		1.8		16.2		21.8		3.0		30.5		22.5		52.3		6.3		1.8		2.0		5.2		81.3		0.1		244.9

		F51-ROAD TRANSP.(INCL. EVA)		F40		93.9		873.4		2073.0		68.0		155.9		2415.9		6820.0		92.5		701.1		566.8		46.7		12901.0		605.0		27413.4

		F54-TRANS. LAND NON-ROAD		F51		6170.6		57949.6		16597.4		2489.8		5433.9		4579.6		6055.0		23681.0		9423.5		16162.0		5783.8		20591.7		10894.6		185914.8

		F57-AIR TRANSPORT		F54		32.4		2759.1		792.4		25.6		25.1		13.4		7429.3		182.3		72.5		3.7		29.0		1423.1		21.3		12809.3

		F58-INTERNATIONAL SHIPPING		F57		43.3		692.3		379.0		41.3		83.0		10.9		83.7		96.2		56.6		79.8		29.4		105.5		69.9		1771.5

		F80-OIL PRODUCTION		F58		0.5		21.2		28.5		1.0		4.0		0.4		5.3		6.8		5.9		9.8		0.7		9.2		8.7		101.9

		I10: IRO: IRON&STEEL		F80		98.8		78.2		1559.8		1322.5		2.8		472.6		248.6		706.1		2242.8		2754.9		124.9		86.3		446.3		10153.0

		I20: NFE: NON-FERRO		I10		321.2		2048.3		5508.5		339.4		4686.3		1505.1		5958.2		1908.5		376.0		478.3		1088.2		9291.6		218.7		33728.3

		I40: BUILDING MATERIALS		I20		9.5		14.7		15.2		8.2		0.0		2.7		14.7		8.7		4.5		4.7		2.6		11.2		0.6		97.2

		I50-PAP: PULP & PAPER		I50		72.9		268.3		115.5		4.5		6.7		36.0		8.8		44.4		48.6		40.9		0.0		10.4		7.2		664.1

		L41: TROPICAL FOREST FIRES*		L41*		0.0		0.0		0.0		1916.1		0.0		0.0		0.0		87238.9		73693.7		0.0		2828.6		515.2		25979.0		192470.5

		L42: SAVANNAH AND SHRUBS FIRES*		L42*		0.0		311.9		0.0		18555.2		0.0		0.0		0.0		84201.2		146567.8		8.0		2507.2		1159.9		27516.8		280828.0

		L43-BB-AGRIC. WASTE BURNING		L43		153.5		1023.4		843.7		633.4		94.1		1295.9		1936.9		2892.0		2215.5		2163.3		585.9		362.5		2196.7		16397.3

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		L44*		3696.4		3437.7		8.4		1354.4		21.1		0.0		7494.4		2300.1		349.6		0.0		0.0		0.5		0.0		18662.7

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		L47*		770.4		3597.2		705.5		6478.9		139.8		237.0		6489.4		10262.9		5138.1		97.0		496.3		989.3		0.0		35401.8

		W40-WASTE INCINER.(NON-ENERGY)		W40		137.1		1274.2		171.4		66.1		549.0		99.6		188.7		279.9		201.1		118.1		262.0		354.0		129.2		3830.6

		Grand Total		Grand Total		12050		81144		31595		33977		11609		12532		48652		223713		309060		25228		87572		100804		98391		1076752

				* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)				4620		9644		1729		27088		804		1633		16109		99936		154472		2386		3851		2866		29843		355120

		TOTAL BB (Tg)				5		10		2		27		1		2		16		100		154		2		4		3		30		355

		TOTAL ANTHRO (Tg)				7.4		72.8		30.0		5.0		11.4		11.0		32.7		36.8		81.1		23.0		81.2		97.8		42.7		533

		Total CO (tg) GFEDv2 2000																														338

		Total CO (Tg) Andreae																														366





NMHCs

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		iso3		01: CANADA		02: USA		03: OECD EUROPE		04: OCEANIA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTHEAST ASIA		Grand Total

		B10-INDUSTRY		0.0		0.7		0.5		0.9		0.0		0.2		0.2		339.9		133.8		3.1		196.2		29.5		67.4		772.2

		B20-POWER GENERATION		1.2		29.0		27.4		2.7		11.1		0.8		7.4		15.3		1.0		0.8		2.1		0.0		1.6		100.3

		B30-CHARCOAL PRODUCTION		0.0		38.1		11.0		4.2		1.9		6.8		3.3		92.7		1345.8		2.2		84.8		0.0		151.6		1742.3

		B40-RCO: RESIDENTIAL		45.6		680.6		249.5		64.8		1.6		193.2		629.2		882.8		6508.6		294.1		8348.1		6063.4		3366.2		27327.6

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		70.5		0.0		0.0		0.0		0.0		0.0		70.5

		F10-INDUSTRIAL SECTOR		6.6		35.0		36.5		6.7		27.2		17.0		48.0		23.1		13.3		16.6		46.3		190.7		12.1		479.0

		F20-POWER GENERATION		2.6		77.3		32.5		2.7		14.0		10.7		46.8		11.2		9.4		14.3		13.9		34.8		8.8		279.0

		F30-OTS (ALL)		82.8		539.8		298.6		70.1		235.1		61.4		1166.5		325.8		118.5		318.6		124.9		440.7		171.9		3954.7

		F40-RCO SECTOR(RES+COM+OTH)		9.1		72.6		107.7		3.4		8.2		84.2		296.5		8.5		30.0		28.3		3.0		517.0		24.6		1193.1

		F51-ROAD TRANSP.(INCL. EVA)		1310.8		6648.2		4197.6		765.1		1845.2		1031.7		748.2		4256.9		1517.6		2521.4		1941.9		3221.3		3747.9		33753.9

		F54-TRANS. LAND NON-ROAD		14.5		80.5		146.6		15.0		10.9		5.5		4123.4		58.3		5.6		1.6		13.5		96.8		9.6		4581.9

		F57-AIR TRANSPORT		13.6		216.5		118.6		12.9		25.9		3.4		26.2		30.3		17.7		21.3		9.2		33.0		22.0		550.5

		F58-INTERNATIONAL SHIPPING		0.1		3.4		4.5		0.1		0.8		0.1		0.8		1.1		1.0		1.9		0.1		1.5		1.5		16.8

		F80-OIL PRODUCTION		942.5		61.5		3001.4		134.1		5.1		125.1		3256.1		4421.5		3451.4		9785.7		331.7		1259.3		1188.8		27964.3

		F90-GAS PROD./TRANSM.		336.4		1506.5		164.9		34.5		60.7		142.6		2155.4		214.1		145.6		315.9		84.0		72.5		179.7		5412.8

		I10: IRO: IRON&STEEL		1.8		11.8		27.8		1.6		22.4		6.7		22.0		10.1		2.2		3.1		5.4		44.9		1.5		161.3

		I30: CHE: CHEMICALS		44.9		430.2		284.4		9.7		223.0		499.7		77.1		82.8		4.2		12.1		35.4		121.0		7.2		1831.7

		I50-PAP: PULP & PAPER		48.2		174.4		77.7		4.0		36.2		7.2		13.7		36.5		5.7		0.8		8.5		8.0		18.0		438.8

		I60: FOO: FOOD (BEER&WINE)		8.2		72.4		90.4		9.4		12.2		56.2		128.4		40.9		25.0		3.2		0.7		8.4		1.9		457.0

		I70: SOL: SOLVENT USE/MISC.		450.0		5787.3		4733.7		244.4		2144.6		731.2		2224.0		1476.4		797.0		582.5		761.0		2338.7		961.4		23232.1

		I90: MIS: IND. MISCELLANEOUS		14.3		174.0		125.4		3.5		93.4		13.5		34.1		31.8		2.0		2.6		6.5		44.7		2.5		548.3

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		133.0		0.0		0.0		0.0		6055.9		5115.6		0.0		196.4		35.8		1824.2		13360.8

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		25.8		0.0		1535.1		0.0		0.0		0.0		6966.1		12125.7		0.7		207.4		96.0		2276.5		23233.2

		L43-BB-AGRIC. WASTE BURNING		18.5		123.1		101.5		76.2		11.3		155.9		233.0		347.9		266.5		260.2		70.5		43.6		264.3		1972.6

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		1332.6		1239.4		3.0		615.8		7.6		0.0		2701.8		1198.3		151.6		0.0		0.0		0.2		0.0		7250.4

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		63.7		297.6		58.4		536.0		11.6		19.6		536.9		849.1		425.1		8.0		41.1		81.8		0.0		2928.8

		W40-WASTE INCINER.(NON-ENERGY)		17.1		159.3		21.4		8.3		68.6		12.5		23.6		35.0		25.1		14.8		32.8		44.2		16.2		478.8

		W50-MISC. WASTE HANDLING		43.5		557.7		477.1		23.5		213.0		75.1		229.3		141.4		74.8		54.0		73.0		170.5		89.6		2222.5

		Grand Total		4809		19043		14398		4318		5092		3260		18732		28024		32320		14268		12638		14998		14417		186315

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors

		TOTAL BB (gg)		1415		1686		163		2896		31		176		3472		15417		18085		269		515		257		4365		48746

		TOTAL BB (Tg)		1		2		0		3		0		0		3		15		18		0		1		0		4		49

		TOTAL ANTHRO (Tg)		3		17		14		1		5		3		15		13		14		14		12		15		10		138

		Total NMHCs GFEDv2 (Tg)																												21

		Total NMHCs Andreae (Tg)																												29





Andreae

		

				Values are given in mass of species per year (Tg yrÿ1).

				Left off		Biofuel		CharcMak		CharcBurn

				TOTAL

		CO2		6275

		CO		366

		CH4		24

		NMHC		29

		C2H2		1

		C2H4		5

		C2H6		4

		C3H4		0

		C3H6		3

		C3H8		2

		1-butene		0

		i-butene		0

		tr-2-butene		0

		cis-2-butene		0

		butadiene		0

		n-butane		0

		i-butane		0

		1-pentene		0

		n-pentane		0

		2-Me-Butene		0

		2-Me-butane		0

		Isoprene		1

		cyclopentene		0

		cyclopentadiene		0

		4-me-1-pentene		0

		1-hexene		0

		n-hexane		0

		isohexanes		0

		heptane		0

		octenes		0

		terpenes		0

		benzene		2

		toluene		1

		xylenes		0

		ethylbenzene		0

		styrene		0

		PAH		0

		Methanol		12

		Ethanol		0

		1-Propanol		0

		Butanols		0

		cyclopentanol		0

		phenol		1

		Formaldehyde		6

		Acetald		6

		Hydroxyacetaldehyde		4

		Glyoxal		4

		Methylglyoxal		3

		Acolein		2

		Propanal		0

		Butanals		1

		Methacrolein		0

		Crotonaldehyde		0

		Hexanals		0

		Heptanals		0

		Acetone		3

		2-Butanone		2

		2,3-Butanedione		4

		Methyvinyl ketone		0

		Pentanones		0

		Heptanones		0

		Octanones		0

		Benzaldehyde		0

		Acetol (hydroxyacetone)		0

		Furan		2

		2-Me-Furan		2

		3-Me-Furan		0

		2-ethylfuran		0

		2,4-dime-furan		0

		2,5-Dime-furan		0

		Tetrahydrofuran		0

		2,3-dihydrofuran		0

		benzofuran		0

		Furfural		3

		Me-format		0

		Me-Acetate		0

		Acetonitrile		2

		Acrylonitrile

		Propionitrile

		pyrrole

		trimethypyazole

		methylamine

		dimethylamine

		ethylamine

		trimethylamine

		n-pentylamine

		2-me-1-butylamine

		HFo		4

		HAc		16

		H2		9

		NOx		10

		NOy

		HONO		1

		N2O		1

		NH3		5

		HCN		2

		cyanogen

		N2		11

		SO2		2

		DMS		0

		COS		0

		CH3Cl		0

		CH3Br		0

		CH3I

		Hg

		PM2.5

		TPM

		TC

		OC

		BC

		Levoglucosan

		K

		CN

		CCN (1% SS)

		N(acc)





GFEDv2

		GFEDv2 for 2000

		DATE		CO		CH4		BC		NOx		NMHC		OC		PM2p5		TPM

		20000115		35.71271		1.51306		0.25082		1.17074		2.13786		1.82639		2.88622		4.40112

		20000215		27.22534		1.34944		0.184		0.77377		1.78549		1.39911		2.27751		3.0444

		20000315		18.43676		1.04374		0.11903		0.44393		1.30824		0.96886		1.61335		1.87877

		20000415		25.65584		1.53604		0.16115		0.56476		1.87964		1.38103		2.31318		2.52289

		20000515		26.62614		1.28031		0.16231		0.7489		1.61655		1.77173		2.68757		3.59461

		20000615		22.24366		0.9592		0.14527		0.70186		1.29178		1.35701		2.06154		3.01445

		20000715		30.57208		1.27164		0.20893		1.00544		1.77707		1.70382		2.62737		3.99845

		20000815		40.05097		1.66854		0.27733		1.3218		2.34932		2.15338		3.3504		5.12602

		20000915		35.15782		1.47172		0.24597		1.16069		2.08226		1.83139		2.87429		4.40753

		20001015		23.72474		1.05318		0.15497		0.73224		1.40749		1.42448		2.18257		3.13474

		20001115		17.6212		0.71827		0.12154		0.5894		1.0156		0.96925		1.49417		2.31106

		20001215		34.76662		1.29448		0.25052		1.2475		1.93822		1.77673		2.74518		4.5742

		TOTAL		338		15		2		10		21		19		29		42





EPA_NEI2000

		2002 NEI		1 ton [short, US] = 9.0718474e-7 teragram

				CO (thousands of tons)		CO (tons)		CO (Tg)		Nox (thousands of tons)		NOx (tons)		NOx (Tg)		VOC (thousands of tons)		VOC (tons)		VOC (Tg)

		FIRES		12049		12049000		10.9		263		263000		0.2		615		615000		0.6

		TOTAL w/o fires		102418		102418000		92.9		22,335		22335000		20.3		16898		16898000		15.3





FOR_SLIDES

		Source		Amount Tg(NO2)		Amount Tg (CO)		Amount (Tg VOC)

		Anthro		102		533		138

		Biogenic		12		10		1200

		Fires		10		355		49

		New global budgets confirm that

		biogenic emissions and biomass burning are the two largest

		global sources of NMOC with an estimated production of approximately

		1000 (770–1400) and 500 (250–630) Tg/yr, respectively.

		Yokelson et al., ACP, 2008





FOR_SLIDES
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Tropospheric Reactive Nitrogen
• NOx (NO + NO2)
• N2O5
• HNO3 (HONO2)
• HONO
• HOONO2
• PANs    (RC(O)OONO2)
• Alkyl Nitrates  (RONO2) 
• XONO2  (X = halogen)

• NO3 radical
• NO3

- nitrate aerosol  

• NH3, Amines

NOy, or 
odd nitrogenNOz = NOy-NOx

NOy reservoir
species



Combustion source for NOx
• No nitrogen in fuel
N2 + O   =  NO + N    +314 kJ/mol
N   + O2  =  NO + O  
N   + OH =  NO + H    (not important)

• Nitrogen in Fuel
HCN(g), RCN(g), NH3, etc + OH/O   NOx

Alentec Inc.

This is why most modern car engines have an exhaust gas recirculation (EGR) system
(„Abgasrueckfuehrung“)
Note: The easiest tuning method in cars: close the „Abgasrueckfuehrungsventil“ – will give
you more PS



Blue: gasoline
Gray: Diesel

NOx

Austria wide: about 50% 
from mobile sources

Note that locally these
numbers could be quite

different! 

Source, ÖAMTC, 2014,
UBA, 2013

Engine optimization: see previous slide

Further reduction
only achievable

with exchaust
treatment

technology



Recent update:WHO recommends lower AQ 
standards



Historical Note on AQ management in Austria
• Austria was among the first European countries to

adopt rigorous US emission vehicle standards in 1987

Source, ÖAMTC, 2014



Non-attainment area for NO2



Players:
VOC (or NMVOC): volatile organic compounds
NOx: nitrogen oxides
ROx: peroxy radicals
HOx: hydroxy radicals
hv: radiation

+ O2

+ O2
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O

x
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Decomposition
isomerization



2021 Spring Campaign

We detected about 1300 ions (~NMVOC) being emitted into the urban atmosphere

Example: blue line

-> Aromatics BTEX

Total median NMVOC flux ~ 8-12 nmol/m2/s
Total median CH4 flux: 10 nmol/m2/s
Total median NOx flux: 7-8 nmol/m2/s

ion



Net Ozone Production in Innsbruck

x Transition during lockdown
Ox mixing ratio no change

O3 mixing ratio +24%

NOx limited 

VOC limited 

Ox = O3 +NO2



NO, O3
NO2

k

j

ROx

OVOC, O3

1 to 2 x 109

1 to 2 x 108

OH

HNO3

1.5 to 3 x 107

IAO – Urban conditions: Rates in [molecules/cm3/s]

1 to 2 x 109



The Photostationary State (PSS) of
NO-NO2-O3

Leighton, P., Photochemistry of Air Pollution, 1961

„Under daylight in polluted conditions the photolysis of NO2 and the reaction of NO+O3  occur at higher rates
than most other reactions, and the ratio approaches 1.“

“O3 and NOx live in photostationary state”

τchem = 100-200 s at IAO



Early observations of the LRatio in LA

Calvert et al., ES&T, 1976

LA, Urban Atmosphere, 1973
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CAMS vs EEA (midday JJA) Obs/Model = 1.85 ± 0.43 ~ 1/PSS
Models overestimate PSS



CMAQ – US - JJA

Appel et al., 2007 „ Overprediction biases at low O3 levels are more sensitive to the boundary
condition (BC) O3 levels near the surface than BC concentrations aloft „

Insensitive to
chemical
mechanism

Models overpredict
mixing and PBL in 
SBL ?

But 8h O3 average

-> biased towards
daytime convective
conditions



AQMEII: AQM intercomparision

Im et al., Atm. Env., 2015

EU USA

Only May – September 8h maximum data – skewed towards daytime



From Emission to Concentrations
Science to support decisions

A complicated problem
• From a modeling point of view: need accurate emissions, chemistry 

and transport

• High end observations can address some issues in support of 
modeling activities (e.g. city scale top down constraints on emissions)

• Big uncertainty is the spatial and temporal distribution of pollutants



Different approaches to estimate emissions

• Bottom-up emission modeling (local – global)

• Inverse modeling (regional – global)

• Direct flux observations (local – regional)
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https://doi.org/10.1175/BAMS-D-19-0270.1

Eddy Covariance Fluxes are measured for:

O3
NO/NO2/NOx
CO2/H2O
CH4
NMVOC
CO, C2H6(2023)
UFP (2023)

zm = 42 m

https://doi.org/10.1175/BAMS-D-19-0270.1


TROPOMI NO2 Euregio (Ti-STi-Tr)



Turbulence Observations

1 3 2

Ward et al., ACP, https://doi.org/10.5194/acp-22-6559-2022

„Eddy Covariance Measurements“

zm ~ 42 m



Mountaintop cubesat demonstrator for urban AQ 
monitoring at sub-hectometer spatial resolution

Mapping NO2



How comparable are surface and valley average 
observations - comparison between in-situ and 
remote sensing concentrations of NO2



PANDORA PBL NO2



O3 – NO – NO2 Fluxes Longterm O3 and NOx
Eddy Covariance

Observations

High urban NOx triggers a substantial 
chemical downward flux of ozone

https://www.science.org/doi/full/
10.1126/sciadv.add2365



Observations at IAO

Karl et al., Sci Adv., 2023 Dahmköhler numbers = 0.3- 1.15
Flux Dahmköhler numbers = 0.3-0.55

Impact of chemistry on diffusion gradients



PSS Assumption

0 =
𝜕𝜕 𝑁𝑁𝑁𝑁
𝜕𝜕𝑡𝑡

= 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3

Steady state = 0 and well mixed

Φ =
]𝑗𝑗𝑛𝑛𝑛𝑛2[𝑁𝑁𝑁𝑁2
]𝑘𝑘3 𝑁𝑁𝑁𝑁 [𝑂𝑂3

Leighton, P. 1961

Karl et al., Sci Adv., 2023



Revisit PSS Assumption

𝜕𝜕 𝑁𝑁𝑁𝑁
𝜕𝜕𝑡𝑡

= −
𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

+ 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

…after Reynolds decomposition

Steady 
state = 0

𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

= 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

Flux Divergence Incomplete mixing

Karl et al., Sci Adv., 2023



Revisit PSS Assumption

𝜕𝜕 𝑁𝑁𝑁𝑁
𝜕𝜕𝑡𝑡

= −
𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

+ 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

…after Reynolds decomposition

𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

= 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

Incomplete mixing

Karl et al., Sci Adv., 2023



Effect of Segregation between NO and O3

𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

= 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

𝐼𝐼𝑆𝑆 =
[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′
𝑁𝑁𝑁𝑁 � 𝑂𝑂3

SOMCRUS



Revisit PSS Assumption

𝜕𝜕 𝑁𝑁𝑁𝑁
𝜕𝜕𝑡𝑡

= −
𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

+ 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

…after Reynolds decomposition

𝜕𝜕𝐹𝐹𝑁𝑁𝑁𝑁
𝜕𝜕𝑧𝑧

= 𝑗𝑗𝑁𝑁𝑁𝑁2 𝑁𝑁𝑁𝑁2 − 𝑘𝑘3 𝑁𝑁𝑁𝑁 � 𝑂𝑂3 − 𝑘𝑘3[𝑁𝑁 ]𝑂𝑂 ′[𝑂𝑂3]′

Flux divergence

Karl et al., Sci Adv., 2023



So where does the flux divergency go to zero
and PSS approaches 1?
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l1?

Look at length scale l1 for the triad reaction

l1 ~100-200 m



Comparing In-situ and Remote Sensing Data

2nd order closure model SOMCRUS driven by in-
situ fluxes scaled by flux footprint

Summer Scenario

IAO



Season for Noon (12LT)

2nd order closure model SOMCRUS driven by in-
situ fluxes scaled by flux footprint

Summer Scenario

IAO



Can we find a 
relationship between

NOx Emissions and 
NO2 columns above
the urban Area of

Innsbruck?

Outlook

SOMCRUS – IAO Flux



Evolution of NO2 and NOx in IBK

Remote sensing vs
in-situ OBS



Traffic activity reduction: -61%
NOx flux reduction: -59%
CO2 flux reduction: -38%
AVOC flux reduction: -56%

Air pollution decline during
COVID lockdown in 2020

Lamprecht et al., ACP, 2021



Modeling the Impact on Urban O3 Pollution
Mixing Ratio Changes of NOx ,Ox and O3

Lockdown repartitioning NO2 ↔ O3 – little change in Ox 24% increase in O3 (+11 ppbv)

Predicted using machine learning to define reference

Lamprecht et al., ACP, 2021



Have NOx Emissions Changed?
Evidence from in-situ flux observations

Look at NOx / CO2 flux
and emission ratios

Ratio decreases by 2.5 
between 2015 and 
2023



Other Evidence for decreasing NOx

Direct NOx Flux
decreases from 70 
to about 33 
nmol/m2/s



NO2 Footprint @ IAO

Can be calculated from EC flux obs

Spatial Resolution



Mapping URBAN NOx

URBAN NOx Emissions validated at IAO Synthetic KARLOS product: Gaussian filter size 100  

What is the physical limit of horizontal resolution



Summary
• Urban air pollution is still largely controlled by NOx and remains a key

regulatory pollutant in Europe
• As a consequence urban/suburban O3 production is largely VOC sensitive 
• Urban NOx emissions are still largely controlled by the mobility sector and 

emissions seem to go down
• We are currently in a transitional regime
• Integrated longterm remote sensing and in-situ observations can help to

validate models and test AQ projections
• Direct Eddy Covariance Observations can provide a ground-truth for

emissions



IAO funding

Project related funding
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