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Divergence:

• Reduced signal for area sources

• Very powerful method for localizing point sources

and quantifying their emissions





NOx point source catalog

Algorithm applied to 4 years of TROPOMI data (PAL dataset):
• Data processing & corrections: 

• AMF adjustment: correct the NO2 enhancement for a vertical profile of 500 m altitude

• Upscale NO2 to NOx: based on monthly O3 climatology

• Calculate derivative on TROPOMI grid (de Foy and Schauer, 2022)

• Apply topographic correction (Sun, 2022)

• (V∙w) = V∙w + Vw Divergence → Advection

• Temporal mean on regular lat-lon grid

• Automated detection of point sources - No a-priori information needed
(area sources and unclear scenes removed)

• Quantification of NOx emissions

• Spatial integration within 15 km radius

• Lifetime correction



Why 15 km?

Advection needs to be integrated over radius R

• TROPOMI pixel size

• Numerical derivative: at least 3x3 TROPOMI pixels needed

• Conversion of NO emissions: downwind source of NO2

• Effects of plume AMF (→ talk by Thomas Wagner): virtual downwind source of NO2

R should not be too large:

• Interference with other sources (Highveld!)

• Uncertainty of lifetime correction increases

• For w=2 m/s: 15 km corresponds to 2 hours

R=15 km: good compromise



NOx point source catalog

Algorithm applied to 4 years of TROPOMI data (PAL dataset):
• Data processing & corrections: 

• AMF adjustment: correct the NO2 enhancement for a vertical profile of 500 m altitude

• Upscale NO2 to NOx: based on monthly O3 climatology

• Calculate derivative on TROPOMI grid (de Foy and Schauer, 2022)

• Apply topographic correction (Sun, 2022)

• (V∙w) = V∙w + Vw Divergence → Advection

• Temporal mean on regular lat-lon grid

• Automated detection of point sources - No a-priori information needed
(area sources and unclear scenes removed)

• Quantification of NOx emissions

• Spatial integration within 15 km radius

• Lifetime correction

• Catalog of annual mean NOx emissions included in ESA project
→ talk by Grégoire Broquet



Can we derive daily NOx emissions?

Algorithm applied to individual TROPOMI orbits:
• Data processing & corrections: 

• AMF adjustment: correct the NO2 enhancement for a vertical profile of 500 m altitude

• Upscale NO2 to NOx: based on monthly O3 climatology

• Calculate derivative on TROPOMI grid (de Foy and Schauer, 2022)

• Apply topographic correction (Sun, 2022)

• (V∙w) = V∙w + Vw Divergence → Advection

• Temporal mean on regular lat-lon grid

• Automated detection of point sources – Point source locations from catalog

• Quantification of NOx emissions

• Spatial integration within 15 km radius

• Lifetime correction

→ World Emission phase 3



Sample results
#1: Matla, 2.76 kg/s #71: Niederaußem/Neurath, 0.71 kg/s



#1: Matla, 2.76 kg/s #71: Niederaußem/Neurath, 0.71 kg/s

#297: New Madrid (USA), 0.32 kg/s

cloud free, w > 2 m/s



Impact of wind fluctuations on the performance 
of the divergence method: How steady is the state?

• Standard deviation of wind speed

• Derivative of wind speed

• Persistence of wind direction

calculated for
• temporal 

• vertical
dimension

• Central assumption of divergence (and other) methods: steady state
• Violation of steady state: emission estimate fails
• Quantify „steadiness“ of state by stability of wind fields



#1: Matla, 2.76 kg/s #71: Niederaußem/Neurath, 0.71 kg/s

cloud free, w > 2 m/s
& persistent wind

#297: New Madrid (USA), 0.32 kg/s

→ The selection of stable wind conditions
is not really beneficial



What causes the negative results?

• Negative emissions related to influx of NO2 into 15 km circle
• New filter: influx < 0.5*E_cat



#1: Matla, 2.76 kg/s #71: Niederaußem/Neurath, 0.71 kg/s

cloud free, w > 2 m/s
& low influx

#297: New Madrid (USA), 0.32 kg/s



Daily emission estimates

• High variability

• Noise?

• Real?

→ Validation



#71: Niederaußem/Neurath, 0.71 kg/s



#71: Niederaußem/Neurath, 0.71 kg/s

R=0.62



#297: New Madrid (USA), 0.32 kg/s

R=0.66

Bottom-up: EPA, Clean Air Markets Program Data. Available at: https://campd.epa.gov/

https://campd.epa.gov/


Conclusions

1. Steadiness of state cannot easily be defined by wind field properties

2. Daily NOx emissions from strong point sources can be estimated from space

if you have

• favourable conditions (cloud free within ~20 km, w>2 m/s)

• no significant influx

• a great instrument such as TROPOMI (small pixel size, high S/N)


