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Å ᶏ lightGBM ̂ѿ ԍ ML ̃ CMAQ PM2.5 Ẓ

Å CMAQ PM2.5 ҙ

Å ̔Ҭ ;  ̔2019 ῃ
Å ̔MEIC2019; ̔WRF v4.1 (FNL)

ẘ ⌡

Wang et al., GMD 2023



CMAQ Ẓ ̂ %̃

Å PM2.5 №Ҭ̆SOA Ҍ

PM2.5 Ẓ

Å BTH ̆ ⱬ Ẓ
-------- WRF Ҍ ̂ RMSEҹ20.38% ̃
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CMAQ Ẓ ̂ %̃

Å PPM SNA PM2.5 Ẓ

Ȃ Ҍ ҙ PM2.5

̆Ӟ ⌠ԅ Ȃ

ҙ CMAQ Ẓ ̂%̃

Region PM2.5_res PM2.5_pow PM2.5_tra PM2.5_arg PM2.5_ind EC Other

BTH 0.20 0.16 0.14 0.13 0.10 0.14 0.12

China 0.16 0.16 0.14 0.14 0.13 0.13 0.14

FWP 0.18 0.18 0.13 0.12 0.12 0.14 0.14

NWCHN 0.18 0.15 0.12 0.15 0.13 0.13 0.14

PRD 0.17 0.14 0.14 0.13 0.13 0.14 0.15

SCB 0.16 0.15 0.16 0.14 0.12 0.13 0.13

YRD 0.18 0.16 0.15 0.13 0.12 0.14 0.12

Wang et al., GMD 2023
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PM2.5T R2, RMSE, and MAE №≢ ԅ0.04, -3.74 ɛg/m3, and -2.27 ɛg/m3

Spec Type
R2 RMSE (µg/m3) MAE (µg/m 3)

Test Train Test Train Test Train

PM2.5 Original 0.79 0.87 37.27 29.13 21.72 18.31 

Spatial 0.80 0.89 35.73 27.35 20.65 17.20 

Temporal 0.82 0.90 34.09 25.75 19.85 16.40 

Spatio-temporal 0.83 0.90 33.53 24.88 19.45 15.92 

PM10 Original 0.81 0.89 63.27 48.87 40.69 33.41 

Spatial 0.82 0.90 61.62 46.79 39.41 31.94 

Temporal 0.83 0.91 59.80 44.09 38.25 30.41 

Spatio-temporal 0.84 0.92 58.38 42.23 37.21 29.28 

Wang et al. AE
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Ѧᶁ2000-2020Ẉ Ῑ ◓≥ẘᾎὊ σַּז↔ Ԝ֫‘ᾭὯ ᴌῐ ỵғᵝ CMAQ₩Ẫ ‛ ᶆᶊַּז ᾭὯιᶢ҈
lightGBM₩ᶚιӾᶪ AOD￼ ᷂ᾭὯιⱡᵅḾѕ Ểⅎ￼ ⱶ╟ẙ ӂ ε PM2.5, PM10, ᴝ PM2.5-10 ζ

PM2.5, PM10, PM2.5-10 2014-2020 out-of-sample

Ҍ ӊ

Model Fit time
R2 RMSE(µg/m3) MAE (µg/m3)

Test Train Test Train Test Train

MLR 1.00 0.49 0.49 24.22 24.22 14.98 14.98

PolyR 37.16 0.64 0.64 20.31 20.16 12.59 12.52

ERTs 223.54 0.72 0.77 17.98 16.09 10.45 9.27

RF 1330.70 0.77 0.85 16.11 13.12 9.21 7.20

XGB 1175.64 0.83 1.00 13.91 0.00 8.00 0.00

LGB 26.24 0.83 0.88 13.85 11.51 8.70 7.83

Å Out-of-sample ̔PM2.5, PM10, PM2.5-10 ‰
̆ (delta R2: 0.07-0.12;delta 

RMSE: 4-6.7 ɛg/m3)Ȃ

Å LightGBM XGBoostΐ ᵌ ̆ᵖ ╠
’ ̆ ғ ̕



2000 2020 Ҭ ҈

ṿ̆ ῒ № ̂10 km̃ ̔

Å № PM10 PM2.5-10

ҍ Ԋᴆ ῏̕

Å‏ ֤ ῟ PM2.5 ̆ ҍ

ȁҌ≠ ᴆ ῏Ȃ

Species Region Spring Summer Autumn Winter Annual

PM2.5 China 35.28¤ 3.17 25.07¤ 2.93 31.19¤ 3.89 43.95¤ 3.61 33.87¤ 7.68

BTH 48.78¤ 5.40 39.70¤ 6.71 52.48¤ 7.42 77.30¤ 7.50 54.57¤ 15.52

YRD 45.27¤ 4.78 32.22¤ 5.38 43.91¤ 6.54 67.78¤ 8.59 47.29¤ 14.43

PRD 30.19¤ 3.26 19.90¤ 3.04 35.99¤ 6.49 46.64¤ 7.05 33.18¤ 11.03

SCB 38.92¤ 7.16 27.83¤ 4.84 36.32¤ 7.11 61.43¤ 9.33 41.13¤ 14.4

NWCHN 49.26¤ 8.37 33.05¤ 4.61 30.67¤ 3.46 37.68¤ 3.24 37.67¤ 8.90

Wang et al., Chemosphere 2023



ᴌẘ1980-2022Ẉ Ῑ ◓≥ẘᾎὊ σPM2.5u PM10

Å Machine learning model̔ LightGBM

Å Meteorology: ERA5-Land; Emission: MERRA2

Å Cross-validation: out-of-sample CV,out-of-site CV, out-of-year CV.

Å Train set: 2018-2022; test set: 202301-202306.

Å Mortality estimation: 2000-2019 (GBD 2019)

Data description IndLongPM dataset

Data type Gridded

File format NetCDF

Specie PM2.5, PM10

Spatial reference WGS 84

Horizontal resolution 0.1£ 0.1£ (å10 km ¦ 10 km)

Horizontal coverage
India, [60£ E, 100£ E], [5.0£ N, 40.0£

N]

Temporal coverage 1980-2022



ᴌẘ1980-2022Ẉ Ῑ ◓≥ẘᾎὊ σPM2.5u PM10

Spec Type
R2 RMSE (µg/m3) MAE (µg/m 3)

Test Train Test Train Test Train

PM2.5
out-of-sample 0.77 0.79 29.57 28.51 18.76 18.25 

out-of-site 0.70 0.79 31.73 27.90 20.32 17.78 

out-of-year 0.66 0.79 35.35 27.61 21.54 17.61 

PM10
out-of-sample 0.76 0.77 51.63 50.11 35.42 34.52 

out-of-site 0.65 0.77 57.37 49.42 39.92 33.94 

out-of-year 0.66 0.78 60.65 49.06 40.74 33.72 

Training and testing results of out-of-sample CV, out-of-site CV, and out-of-year CVfor 

daily PM2.5 and PM10 (2018-2022). RSME and MAE unit: µg/m3.

Comparisonbetweenobservationsandpredictionsof out-of-

sampleCV for daily and monthly PM2.5 and PM10. Dashed

lines denote1:1 line. Solid lines denote linear regression

fitting. The samplenumbers(N), linear regressionfunction,

R2, RMSE, and MAE are also shown. Units of RMSE and

MAE areɛg/m3.

₮ ‰ ̆ ԍ PM2.5 PM10̆

CV R2№≢ҹ 0.77 0.76̆ RMSE №≢ҹ 29.57 

51.63 ɛg/m3Ȃ

Wang et al., ESSD



ᴌẘ1980-2022Ẉ Ῑ ◓≥ẘᾎὊ σPM2.5u PM10

Spatial patterns of seasonal PM2.5 and PM10 anomalies 

(the difference between seasonal mean and annual mean) 

in India during 1980-2022.

Å ̔
‏ ̆

Åᵞ ̔
̆

Å1980-1999̔ PM2.5 ⱴ

Å2000-2017̔ ⱴ

Å2018-2022̔ Ҋ
Wang et al., ESSD
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Disparities in global PM1 exposure

O3 NO2

Li et al., EIMeng et al., EP



Data sources OpenAQandERA5+MERRA2

Type Variable Description Spatial Resolution

ERA5 SSRD Surface solar radiation 0.1£¦ 0.1£
EVAP Evaporation 0.1£¦ 0.1£

TEMP2 2m air temperature 0.1£¦ 0.1£
DEWP2 2m dewpoint temperature 0.1£¦ 0.1£

SP Surface pressure 0.1£¦ 0.1£
TPREC Total precipitation 0.1£¦ 0.1£

UWIND10 10m u component of wind 0.1£¦ 0.1£
VWIND10 10m v component of wind 0.1£¦ 0.1£

BLH Boundary layer height 0.25£¦ 0.25£
TCLOUD Total cloud cover 0.25£¦ 0.25£

MERRA2 BCSMASS Black Carbon 0.5 £¦ 0.625 £
OCSMASS Organic Carbon 0.5 £¦ 0.625 £

DUSMASS25 DustïPM2.5 0.5 £¦ 0.625 £
DUSMASS Dust 0.5 £¦ 0.625 £

SO2SSMASS sulfur dioxide (SO2) 0.5 £¦ 0.625 £
SO4SMASS Sulfate 0.5 £¦ 0.625 £

TOTEXTTAU Total Aerosol Extinction 0.5 £¦ 0.625 £

Disparities in global PM1 exposure:

Å ⅞№ԅ ҩ ṿ̔L1>=10µg m-3 , L2 =20µg m-3, L3=30µg m-3, L4=40µg m-3Ȃ

Å ̔ ѿ Ҭ PM1 ‰ṿ ᶛ̕

Å ̔ PM1 ṿ ᶛ

Flow Chart

Meteorology Observations

PM components

AOD

TRAIN TEST

Feature Label

in preparation
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Disparities in global PM1 exposure

̔2021 ῃ №≢ 77%ȁ71% 51% ֲ
ѿ ȁѿ ѿҩ Ҍẫ PM1̂> 15 ɛg m-3̃ҬȂ

: 2021 Ҭ֒98% ̆ 98% ̆
֒79% Ҍẫ PM1̂ > 10ɛg m-3̃Ҭ̆

ֽ25% ̆ ≠ֽ֒22% ̆ ֽ23%

Ҍẫ PM1̂ > 10ɛg m-3̃ҬȂ

ῃ ῤ̆ ҍֲ ⱴ PM1 ῏̕

ᵞ PM1

PM1Ὴ ⅎ



1. ῃ ῤ̆ ҍֲ

ⱴ PM1 ῏̕

ҹ 0.59̆ Ҭ ҹ-0.12̕

2. ᵞ

PM1 ̕

3. ҍѿ ῏ ̆

ȁ ᶛ

ҍ PWC ̕

4. ⱬȁ

ҍ PWC ῏Ȃ

in preparation

PM1 disparities


