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High-resolution air quality mapping in Great Britain (2003-
2021) with ensemble machine-learning and remote sensing 
data
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Air pollution and health

• Air pollution is a global problem

• WHO air quality guidelines unmet for 99% of people in 2019

• 4.2 million annual premature deaths (outdoor only)

• Short and long-term effects
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Ambient outdoor air 
pollution exposure 
assessment

• Health data needs to be 
linked to environmental 
exposure

• AP is spatially continuous 
and heterogeneous*

• Many administrative areas 
are unmonitored at the 
national level
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• Chemistry Transport Models (CTM)

• Land-use regression

• Machine-learning
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Data
• Air pollution observations

• CTM

• Reanalysis, Satellite

• Land features

• UK Air quality networks

• EMEP4UK

• ERA’s, Terra/Aqua, OMI

• Nightlight, roads, traffic, 
elevation, vegetation, use 
type, …
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• Different data types

• To a gridded support

• To a common support

• Training dataset assembly
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Predictive modelling

• Ensemble make-up
• Random Forest, Extreme Gradient Boosting, LightGBM, Lasso, 

Ridge

• Non-Negative Least Squares

• Performance evaluation
• 10x by-monitor cross-validation

• R2, RMSE
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Results: observed~predicted, 2019

R2 (min-max)
RMSE 

(ug/m3) Inter. Slope
NO2 0.691 (0.611-0.792) 12.267 1.623 1.01

PM10 0.706 (0.609-0.786) 6.301 0.204 1.029
PM2.5 0.822 (0.746-0.888) 3.115 0.105 1.022
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Results: base model contribution
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Results
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Linkage and exposure series
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Final slide for conclusion
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Limitations

• Monitor clustering and only one CV type used

• Sparse observations in early years

• Feature resolution
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Air pollution summary data from monitors
NO2 PM10 PM2.5

Year Obs. Mon. Mean (ug/m3) Obs. Mon. Mean (ug/m3) Obs. Mon. Mean (ug/m3)

2003 101,697 322 42.04 60,996 179 29.03 3,435 10 16.65

2004 103,968 322 38.14 71,667 209 24.91 3,426 10 14.93

2005 112,733 347 37.69 72,504 217 25.66 4,714 14 14.25

2006 119,377 370 37.86 79,783 238 26.17 5,297 17 14.65

2007 125,175 397 37.21 79,476 238 24.3 5,088 16 13.01

2008 139,012 426 37.29 100,862 301 22.38 9,091 52 12.09

2009 142,418 436 36.78 98,502 302 21.62 23,329 77 12.53

2010 138,769 435 38.18 92,824 284 21.61 26,486 83 13.3

2011 138,375 430 35.2 90,189 272 22.78 25,596 82 14.18

2012 137,768 430 36.54 87,882 263 20.55 27,897 84 12.93

2013 139,315 427 34.87 83,598 252 21.33 26,780 82 13.04

2014 134,480 425 34.37 84,546 258 19.76 28,427 91 12.27

2015 154,133 470 32.01 88,808 268 18.25 34,854 109 10.1

2016 172,965 528 33.6 103,521 309 18.1 50,101 157 10.28

2017 182,779 538 30.97 106,485 316 17.12 55,945 175 9.48

2018 179,341 530 29.09 100,771 296 17.75 57,711 172 9.33

2019 190,214 568 28.33 112,599 337 17.15 66,175 198 9.14

2020 232,436 700 20.33 110,651 323 15.4 68,243 204 7.49

2021 230,039 697 21.87 111,654 326 14.84 74,954 226 7.62

Mean 151,315 463.05 33.81 91,438 273.05 20.98 31,450 97.84 11.96

Total 2,874,994 1,737,318 597,549
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Air pollution trends from full grid 
predictions
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Feature importance

Rank
NO2 PM10 PM2.5

RF XGB LGBM RF XGB LGBM RF XGB LGBM

1 EMEP_NO2 EMEP_NO2 EMEP_NO2 EMEP_pm25rh50 EMEP_pm25rh50 EMEP_pm25rh50 EMEP_pm25rh50 EMEP_pm25rh50 EMEP_pm25rh50

2 EMEP_NO EMEP_NO d2hs EMEP_pm10rh50 EMEP_pm10rh50 EMEP_pm10rh50 EMEP_pm10rh50 EMEP_pm10rh50 EMEP_pm10rh50

3 d2hs d2hs EMEP_NO EMEP_SO4 EMEP_SO4 doy EMEP_SO4 EMEP_SO4 doy

4 DEFRA_no2 DEFRA_no2 respop precipitation winddirection precipitation winddirection doy EMEP_SO4

5 d2bkg respop DEFRA_no2 winddirection precipitation winddirection blh00 winddirection idw1background

6 workpop d2bkg temp2m mslp doy mslp precipitation blh00 winddirection

7 idw2background workpop doy blh00 mslp idw1background idw1background precipitation idw2hotspot

8 idw1background temp2m windspeed doy blh00 EMEP_SO4 idw2background mslp precipitation

9 respop idw1background idw2hotspot EMEP_dust EMEP_dust EMEP_dust idw2hotspot idw1background blh00

10 idw1hotspot windspeed d2bkg EMEP_SO2 temp2m blh00 doy idw2background idw2background

11 idw2hotspot idw1hotspot workpop idw1background idw1background d2hs EMEP_SO2 idw2hotspot mslp

12 temp2m idw2background idw1hotspot idw1hotspot d2hs idw1hotspot mslp EMEP_seasalt EMEP_seasalt

13 windspeed doy idw2background idw2hotspot EMEP_seasalt idw2hotspot EMEP_seasalt EMEP_dust EMEP_dust

14 nightlight idw2hotspot idw1background temp2m idw1hotspot EMEP_seasalt EMEP_dust idw1hotspot temp2m

15 imperviousness blh00 blh00 EMEP_seasalt idw2hotspot temp2m idw1hotspot blh12 idw1hotspot
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Future directions

• More effective use of EMEP4UK CTM  and vector type data

• Test robustness with different cv-strategies

• Quantify uncertainty

• Deep-learning
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