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Smarter Analysis of Satellite Data for AQ Regulators

• Exploring the full capabilities of
the current generation of air
quality satellites, for uses in UK
air quality regulation.

• Developing new techniques to
process & analyse satellite data.

• Determining user needs to feed
into future mission design.

• Prepare regulators & others for
upcoming geostationary missions.

Fig 1. Tropospheric Nitrogen Dioxide column above the UK, for the beginning of 2019 & 2020, highlighting the 
contrast in emissions during Covid-19 lockdowns. (Potts et al, 2021)
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Environment Agency
• Ran a 1 year investigation into capability of current 

satellite instruments. 

• The EA acknowledges the potential of future missions, 
so want to understand how to process and analyse the 
data in preparation, assess limits and capabilities.

• Possible uses:
• Identify/monitor regulated sites, compare to emission estimates.
• Gap fill ground measurements/verify dispersion modelling.
• Better assignment of ground resources. 
• Emergency AQ event response.

Drax Power Station

Port Talbot Steel Works

Lindsey Oil Refinery
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TROPOspheric Monitoring Instrument (TROPOMI)

• TROPOspheric Monitoring 
Instrument (TROPOMI)

• Launched in 2017 by ESA

• Spatial resolution of 3.5km 
x 5.5km, 15 times greater 
than its predecessor OMI.

• Co-located data products 
include NO2, SO2, CH4, CO, 
O3, HCHO and Aerosol 
Index.

Fig 2. TROPOspheric Monitoring Instrument
(TROPOMI)

Fig 3. Observation of Belchatow Power station on 
03-06-2019 from OMI (top) and TROPOMI (bottom)
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Normal Temporal Average

• Combine all observations that 
satisfy the quality filters.

• Find average column 
concentration for each grid 
cell.

• No consideration for 
meteorological conditions.

• Plumes get averaged down, 
loose plume structure. 

Figure 4: Tropospheric column density of Nitrogen Dioxide over Belchatow 
Power Station, temporally averaged over 2 years.

Oct 2018 – Oct 2020 Temporal average for Belchatow, Poland

Normal Temporal Average
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Methods to enhance emission signal detection
Wind direction/wind speed conditional aggregation

Figure 5: Wind direction and wind speed conditionally aggregated plots for the main 8 wind 
directions, over the Belchatow Power Station, using ERA5 100m winds.

• Group observations with respect to 
their prevailing wind direction, and 
also into 3 wind speed groups. 

• Average down-wind enhancements 
against each other, i.e. always 
averaging plumes against plumes. 

• Prevents smearing and “averaging 
down” present in a normal 
temporal average. 

• Reduce number of observations 
being averaged together, as they 
are split up by wind direction. 
Lower data density.

N
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Methods to enhance emission signal detection

Wind Rotation Aggregation

Figure 7: Tropospheric column density of Nitrogen Dioxide over Belchatow 
Power Station, with a single overpass on 03-06-2019 (a), the same 

observation rotated (b) and a 2 year average of wind rotated observations 
(c), using ERA5 100m winds.

Oct 2018 – Oct 2020 wind rotated average for Belchatow, Poland

(a) (b)

(c)

Wind Rotation Aggregation

Figure 6: Tropospheric column density of Nitrogen Dioxide 
over Belchatow Power Station, temporally averaged over 2 

years.

Oct 2018 – Oct 2020 Temporal average for Belchatow, Poland

Normal Temporal Average• Rotate each observation with 
respect to the prevailing wind 
direction, so that every 
observation is aligned along 
a common axis.

• Lose geographical 
information, but enhances 
signal against background, 
whilst also preserving structure 
of the average plume. 

• Benefits visible when 
comparing the wind rotated 
average to temporal average. 
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Wind Rotation applied to UK sites

Figure 8: Wind rotated plots of Tropospheric NO2 for the Drax Power Station, the South Killingholme and 
Lindsey Oil Refineries and the Port Talbot Steel Works, using ERA5 winds at 950hPa.

Port Talbot Steel WorksDrax Power Station South Killingholme Oil Refinery

Temporal Average Temporal Average Temporal Average

Wind Rotated Average Wind Rotated Average Wind Rotated Average
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Dispersion Modelling

• ADMS-5 Point Source Dispersion Model.
• Used by EA and industry to model point 

source emissions.
• Intend to use it to evaluate satellite 

performance and capabilities. 
• Identify sites & scenarios with high signal-

to-noise, i.e.

• Few/no other strong local sources.

• “Clean” upwind background air
• High frequency of ideal wind conditions
• Continuous emitter

Fig 9: Map of the area showing monitoring locations (green dots) and 
refinery stacks (blue circles are Humber sources and blue squares are 

Lindsey sources).

Humber Refinery Sources
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Considerations when comparing S5P with ADMS

• S5P measures the full 
Tropospheric Column. ADMS 
outputs concentrations at 
specific heights. 

• S5P provides single daily 
snapshot at 13:30UT, have to 
model accordingly. 

• Different units
• Model = μg m-3

• Satellite =  molecules cm-2
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Fig 10: Visual demonstration of column measurements

As seen by TROPOMI



11/06/2021 11dap33@leicester.ac.uk

Conditional S5P Data Selection 

• Conditional analysis used to increase 
signal-to-noise ratio.*

• Identify conditions where plume is distinct
and not overlapped from other sources. 

• Are the favourable conditions frequent 
or rare?

• Identify sites where source is 
considerably higher than background, so 
satellite derived plume will be distinct.

Fig 11: ADMS-5 Model Screen

* A. Malby, D. Whyatt and R. Timmis. Conditional extraction of air-pollutant source signals from air-quality monitoring. Atmospheric Environment, 2013.
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Conditional Data Selection at the Humber Refineries 

Best case: 
• Winds from North Sea (0o-60o) 

over rural Lincolnshire. 
Unfortunately relatively infrequent. 

• Winds from Rural Lincolnshire
(180o-225o) out over North Sea, 
fairly frequent but higher chance 
of mixing with urban sources. 

S5P observations under 90o-135o

and 270o-350o should be discarded 
due to potential for urban 
contamination.

“Clean” air from 
North Sea

Relatively 
“Clean” air from 
rural Lincolnshire

Humber Refineries

AURN Stations

Contamination from Hull 
urban environment

Contamination from 
Grimsby urban & 

industrial environment

Fig 12: Map of region of interest
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Summary

• Working to integrate satellite data into 
regulation.

• Exploring capabilities/limitations. 

• Trailed a number of processing techniques to 
extract useful information.

• Looking to utilise dispersion modelling to give 
context to the satellite information.

Drax Power Station

Temporal Average

Wind Rotated Average


