



[bookmark: _GoBack]Journal of Geophysical Research: Atmospheres
Supporting Information for
Urban and power plant NOx emissions in Sub-Saharan Africa inferred from TROPOMI
Eloise A. Marais1,2, Nana Wei1,*, Eric Y. P. Tan3, Gongda Lu4, Sekou Keita5, Mogesh Naidoo6, Rebecca M. Garland2 
1Department of Geography, University College London, London, UK
2Department of Geography, Geoinformatics and Meteorology, University of Pretoria, Pretoria, South Africa
3Department of Physics and Astronomy, University College London, London, UK
4Satellite Application Center for Ecology and Environment, Ministry of Ecology and Environment, Beijing, China
5Département Mathématiques-Physique-Chimie, Université Peleforo Gon Coulibaly, BP 1328 Korhogo, Cote d’Ivoire
6Council for Scientific and Industrial Research (CSIR), Pretoria, South Africa
* Now at: School of Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham, UK
Corresponding author: Eloise A. Marais (e.marais@ucl.ac.uk)
 
Contents of this file 

Tables S1 to S3, Figure S1

Introduction 
Tables include classification information for each Sub-Saharan Africa hotspot targeted, annual nitrogen oxides (NOx) emissions from top-down and bottom-up approaches, and hotspot-specific error estimates. Top-down values for each successfully retrieved hotspot also includes the effective NOx lifetime and the average wind speed. The figure illustrates the success of the EMG fit despite hotspot proximity to intense biomass burning.




Table S1. Hotspot names, classifications and centre latitudes and longitudes a
	Hotspot name b
	Hotspot country
	Model Domain c
	Type
	Longitude
	Latitude

	Abidjan
	Ivory Coast
	West Africa
	Urban
	4.0W
	5.4N

	Abuja
	Nigeria
	West Africa
	Urban
	7.5E
	9.1N

	Accra
	Ghana
	West Africa
	Urban
	0.1E
	5.7N

	Addis Ababa
	Ethiopia
	East Africa
	Urban
	38.7E
	9.0N

	Antananarivo
	Madagascar
	NA
	Urban
	47.5E
	18.9S

	Bamako
	Mali
	West Africa
	Urban
	8.0W
	12.6N

	Cape Town
	South Africa
	Southern Africa
	Urban
	18.6E
	34.0S

	Dakar
	Senegal
	West Africa
	Urban
	17.4W
	14.7N

	Douala
	Cameroon
	West Africa
	Urban
	9.8E
	4.1N

	Durban
	South Africa
	Southern Africa
	Urban
	31.0E
	29.9S

	Harare
	Zimbabwe
	Southern Africa
	Urban
	31.0E
	17.8S

	Hwange
	Zimbabwe
	Southern Africa
	Power plant
	26.4E
	18.4S

	Johannesburg
	South Africa
	Southern Africa
	Urban
	28.2E
	26.2S

	Kampala
	Uganda
	East Africa
	Urban
	32.6E
	0.3N

	Kaduna
	Nigeria
	West Africa
	Urban
	7.4E
	10.5N

	Kano
	Nigeria
	West Africa
	Urban
	8.5E
	12.0N

	Khartoum
	Sudan
	East Africa
	Urban
	32.5E
	15.5N

	Kinshasa
	DRC d
	NA
	Urban
	15.3E
	4.3S

	Kumasi
	Ghana
	West Africa
	Urban
	1.6W
	6.7N

	Lagos
	Nigeria
	West Africa
	Urban
	3.4E
	6.6N

	Lethabo e
	South Africa
	Southern Africa
	Power plant
	28.0E
	26.75S

	Luanda
	Angola
	NA
	Urban
	13.4E
	8.9S

	Lusaka
	Zambia
	Southern Africa
	Urban
	28.3E
	15.4S

	Majuba
	South Africa
	Southern Africa
	Power plant
	29.8E
	27.1S

	Maputo
	Mozambique
	Southern Africa
	Urban
	32.5E
	25.9S

	Matimba
	South Africa
	Southern Africa
	Power plant
	27.6E
	23.7S

	Nairobi
	Kenya
	East Africa
	Urban
	36.8E
	1.3S

	Niamey
	Niger
	West Africa
	Urban
	2.1E
	13.5N

	Ouagadougou
	Burkina Faso
	West Africa
	Urban
	1.5W
	12.4N

	Pretoria
	South Africa
	Southern Africa
	Urban
	28.3E
	25.8S

	Yaounde
	Cameroon
	West Africa
	Urban
	11.5E
	3.8N


a Used to wind rotate TROPospheric Monitoring Instrument (TROPOMI) pixels, as centre point for rescaling the global Community Emissions Data System (CEDS) inventory, and to sample bottom-up inventories for comparison to top-down estimates.
b Hotspots are those with successful and unsuccessful EMG fits (see main manuscript for details).
c GEOS-Chem model domain of individual hotspots (NA if not simulated) (see Figure 1).
d DRC = Democratic Republic of the Congo
e Lethabo latitude intentionally more precise (2 decimal points) than all other hotspots (1 decimal point).
Table S2. Hotspot NOx emissions, NOx effective lifetimes and wind speeds a 
	Hotspot
	Multiyear EMG
	2019 EMG
	Bottom-up Emissions [mol s-1] b

	
	Fits
	Emissions [mol s-1] c
	Lifetime
[h]
	Wind speed
[m s-1] d
	Fits
	Emissions [mol s-1]
	DACCIWA
	CEDS

	Abidjan
	21
	9.1 ± 4.1
	2.0 ± 0.8
	3.7
	24
	6.8 ± 3.3 e
	21.3
	6.28

	Abuja
	12
	10.4 ± 4.9
	3.1 ± 1.1
	2.7
	10
	9.2 ± 5.0 e
	4.50
	9.88

	Accra
	16
	7.9 ± 4.0
	2.0 ± 0.8
	4.3
	15
	11.4 ± 4.3 e
	3.06
	1.94

	Addis Ababa
	18
	5.2 ± 2.2
	3.4 ± 1.2
	3.4
	19
	5.4 ± 2.8 e
	12.3
	5.08

	Antananarivo
	6
	1.6 ± 0.6
	3.5 ± 1.3
	3.3
	4
	1.5 ± 0.6
	9.50
	1.78

	Bamako
	7
	4.7 ± 2.3
	3.8 ± 1.6
	3.8
	9
	4.1 ± 2.5
	8.75
	1.14

	Cape Town
	30
	19.5 ± 8.6
	2.5 ± 0.9
	6.8
	35
	20.7 ± 8.9
	53.2
	33.7

	Dakar
	29
	18.9 ± 8.3
	2.5 ± 0.9
	6.6
	32
	16.2 ± 6.8
	40.0
	16.4

	Douala
	21
	3.5 ± 2.1
	3.2 ± 1.5
	2.8
	9
	2.4 ± 1.2 e
	3.11
	1.72

	Durban
	25
	25.4 ± 20.1
	1.8 ± 0.9
	6.7
	20
	27.8 ± 26.1 e
	36.3
	30.2

	Hwange
	19
	2.7 ± 1.0
	2.7 ± 0.9
	3.6
	18
	3.1 ± 1.2
	12.6
	0.13

	Kampala
	18
	3.1 ± 1.9
	3.0 ± 1.4
	3.7
	7
	2.4 ± 1.2 e
	12.1
	2.99

	Kano
	16
	5.2 ± 2.8
	4.6 ± 2.0
	3.7
	17
	4.6 ± 2.5
	26.8
	6.11

	Khartoum
	18
	14.3 ± 6.8
	2.6 ± 1.1
	5.6
	18
	14.9 ± 7.0
	4.17
	29.9

	Kumasi
	6
	4.4 ± 2.6
	1.5 ± 0.6
	2.9
	7
	4.4 ± 3.0 e
	13.0
	3.25

	Lagos
	21
	27.7 ± 12.6
	3.0 ± 1.2
	3.7
	24
	28.6 ± 12.8 e
	163.4
	21.3

	Lethabo f
	3
	70.2 ± 65.2
	8.6 ± 5.2
	4.1
	1
	63.9 ± 59.3
	99.6
	76.7

	Luanda
	12
	9.0 ± 6.5
	4.6 ± 2.8
	2.9
	16
	10.4 ± 7.7 e
	22.6
	17.3

	Lusaka
	13
	2.5 ± 1.4
	2.7 ± 2.1
	3.6
	8
	2.1 ± 1.0
	9.07
	4.16

	Matimba f,g
	33
	69.8 ± 43.9
	5.0 ± 1.8
	3.7
	33
	70.0 ± 43.4
	78.5
	1.2

	Nairobi
	13
	4.8 ± 2.9
	4.5 ± 2.1
	3.3
	13
	4.4 ± 2.2
	21.3
	14.2

	Niamey
	16
	2.5 ± 1.0
	3.1 ± 1.2
	4.5
	12
	2.0 ± 0.9
	2.30
	2.47

	Ouagadougou
	11
	3.4 ± 1.7
	5.3 ± 2.3
	3.6
	6
	3.0 ± 1.2
	9.07
	7.41

	Yaounde
	4
	3.2 ± 2.1
	2.2 ± 0.9
	2.6
	–
	– e
	6.44
	1.48


a Location of hotspots are in Figure 1. Failed hotspots not in the table include Johannesburg, Pretoria, Majuba, Harare, Kinshasa, and Kano.
b Bottom-up emissions are divided by 0.77 for urban hotspots and by 0.85 for power plants to match midday emissions sampled by TROPOMI (Section 2.3).
c Emissions are mean ± uncertainty. Uncertainty is estimated by adding all error contributions in quadrature (Section 2.2). 
d Wind speed standard deviations not given, as these are 0 m s-1 for most (15) cities and at most 0.1 m s-1 for all other cities.
e Indicates cities where multiyear rather than 2019 emissions are used to update CEDS (Section 2.3) or to compare to bottom-up inventories if no successful fits, if large amount of data gap filling needed, or if wind rotated data are noisy (Section 2.2).
f A 50% error estimate assumed for the NOx/NO2 ratio applied to Lethabo and combined Matimba and Medupi power plant hotspots (Section 2.1).
g Combined Matimba and Medupi power plant plumes, dominated by Matimba (Section 3.2).

Table S3. Random errors in multiyear EMG fits  and  a
	Hotspot
	Relative errors [%] b

	
	
	

	Abidjan
	20.0
	21.1

	Abuja
	28.7
	13.8

	Accra
	27.3
	23.7

	Addis Ababa
	20.4
	12.7

	Antananarivo
	12.5
	13.1

	Bamako
	21.3
	27.6

	Cape Town
	23.1
	14.3

	Dakar
	23.3
	12.1

	Douala
	32.3
	34.3

	Durban
	59.2
	39.5

	Hwange
	10.0
	9.2

	Kampala
	40.0
	31.0

	Kano
	31.8
	26.5

	Khartoum
	22.8
	22.8

	Kumasi
	42.1
	23.7

	Lagos
	22.4
	18.6

	Lethabo
	50.0
	50.0

	Luanda
	38.2
	50.9

	Lusaka
	25.0
	36.3

	Matimba f
	12.9
	12.8

	Nairobi
	38.3
	30.9

	Niamey
	14.3
	16.3

	Ouagadougou
	24.5
	28.5

	Yaounde
	50.0
	22.1


a Errors calculated as standard deviation of fit value for all successful fits obtained with 3 years of TROPOMI data (multiyear mean in Table S2).
b Standard deviation divided by mean of fit value for all successful fits. 
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Figure S1. Wind-rotated plumes and EMG fits for the Luanda (Angola) hotspot located in an intense biomass burning region (Figure 1). Features and values are the same as in Figure 3. Additional values are the mean background best-fit parameter, B (Equation (3); Section 2.1) for the ±0.25 and ±0.5 across-wind boxes. No successful fits obtained for the ±0.75 across-wind boxes.
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(b) Line densities and EMG fits

(a) Wind-rotated plume
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