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Region  PM,s s PMys o PMys s PMys oy PMys g 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
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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

Mean +China <¢BTH YRD OPRD 0OSCB |[ANWCHN
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R? RMSE (Lg/m3) MAE (jg/m?)
Spec Type Test Train Test Train Test Train
PM,. 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
PM,, 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 (.84 0.92 58.38 42.23 37.21 29.28

RI==IFERIIAIRS 7 1RBL RN
PM, i B ¥JR2, RMSE, and MAE 4351325 10.04, -3.74 pug/m3, and -2.27 pg/m?

Wang et al. AE
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FRE|2000- 2020 HAFIAIMRIERIRSS : AIRSRBOEUE. PEER™ M. CMAQERIER. TMFIRSEEE, ET
lightGBMIREY, STIEAMAODRIRRSCERE, AEX=MIRBRIERNRERITHEE (PM,ys, PMg, F1 PM,5 44)

iTest. RMSE ~ OTrain RMSE  ®mTest MAE  OTrain MAE  @Test R2  OTrain_R2 K Iﬁ,l é}ﬁ ﬂ“ 1‘;‘; 3_—@ Z I\E—[] 1) ” éﬁ: ﬂ] {lj_\lu ifi X‘j’ Hf,
48 1.0
< 4 s % S S $ S 9 2 E 3 MAE 3
5 - = = : : 2w Model  Fit time R _ RMS (}.g/m_) (ug/m)_
> M Test Train Test Train Test Train
52 o = MLR 100 049 049 2422 2422 1498 1498
o | . - B E— = ., PolyR  37.16  0.64 0.64 2031 2016 1259 1252
: |0 h I] n h I] b b Il Ny ERTs 22354 0.72 0.77 1798 1609 1045  9.27
N ' RF 1330.70  0.77 0.85 1611 1312 9.1 7.20
2 o o o 0 o | XGB  1175.64 0.83 1.00 1391 0.0 8.00 0.00
E 50 ® o o . ° I o
o [} ® ° 0.8
20 LGB 2624 083 0.88 1385 1151  8.70 7.83
2_ E 20 0.6 -
a E " v | " : 0.4
é 10 = 1] - | 0.2 . e s
, h h h h I ib Ih Il w ¢ Out-of-samplefilE 45 K : PM, ., PMy, 1 PM, ¢ ;o B RS i
w i, AR Z B Z 58D (delta R2: 0.07-0.12; delta
" o _
ol e ° 2 3 e e 02| RMSE: 4-6.7 pg/m3).
i4 0.6 . . ST S > . . \
EE7| , | .o+ LightGBMAIXGBoostEA MM 1% ZE, (H2rEid
é ol h l—‘ h ‘ I—-| I_l - I:L 0.2 %U\%T%%Eié) }FE@%E'%;
o ib §

0.0
2014 2015 2016 2017 2018 2019 2020 combine
Year

PM, 5, PMyg, #1 PM, 5.1 2014-2020 A= B ZR FN X 5 5R  (out-of-sample)



Autumn

Species  Region Spring Summer Autumn Winter Annual |
Hg/m® pM, China 3528 £3.17  25.07 2293 31.19 £3.89 4395+ 3.61 33.87 + 7.68
g N BTH 48.78 =540 39.70 = 6.71 5248 +7.42  77.30 £ 7.50 54.57 + 15.52
® 90 YRD 4527 = 478 3222 =538 4391 =654  67.78 & 8.59 47.29 + 14.43
" PRD 30.19 =326  19.90 & 3.04 3599 =6.49  46.64 £ 7.05 33.18 = 11.03
g SCB 3892 £716 2783484 3632+711 6143 £9.33 4113 £ 14.4
§ ks NWCHN 49.26 £8.37 33.05 = 4.61 3067346 37.68 & 3.24 37.67 + 8.90

60

r50

r40

20004 42 20204 A [F = FfoRi1 B BURL )k FE 2= 10
YE, KHE=E5A (10 km) -

o HZPILKER S HLX PM FIPM, o, o34 5 558 i 1)
. CEESEI -SSR

oo XBTUERFMXPM, JRER S, AIREST59Y)
: HEB AR R 2= AR - 264 Ok

Wang et al., Chemosphere 2023

30

Winter

Annual




ENE1980-20226E <Kk
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Machine learning model: LightGBM
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Data preparation

Meteorology
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Modeling
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Meteorology: ERA5-Land; Emission: MERRAZ2

Train set: 2018-2022; test set: 202301-202306.
Mortality estimation: 2000-2019 (GBD 2019)

PM, #1 PM,,

IndLongPM

e %j:f “{ 1980-1999
) /.A?j”%% e
£ 5 %
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o
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g }/ L 1980-1999 = }” Y 2000-2017 2018-2022
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PM10 .g

-2.0

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

Data description

IndLongPM dataset

Data type
File format
Specie
Spatial reference

Horizontal resolution
Horizontal coverage

Temporal coverage

Gridded
NetCDF
PM; s, PMyg
WGS 84
0.1° x0.1° (=10km X 10 km)

India, [60° E, 100° E], [5.0° N, 40.0°
N]
1980-2022



ENRE1980-2022FF I HAFRRIMIRESRER : PM, .l PM

Training and testing results of out-of-sample CV, out-of-site CV, and out-of-year CV for
daily PM, . and PM,,, (2018-2022). RSME and MAE unit: pg/m3.

RMSE (Lg/m?) MAE (pg/m3)
Spec Type

Test Train Test Train Test Train
PM out-of-sample  0.77 0.79 29.57 28.51 18.76  18.25

2.5
out-of-site 0.70 0.79 31.73 27.90 20.32 17.78
out-of-sample  0.76 0.77 51.63 50.11 35.42  34.52

PMy,
out-of-site 0.65 0.77 57.37 49.42 39.92 33.94

A EoR BRI, X FRH PM, . fl PMy,,
A4 CV R2 435115 0.77 #1 0.76, RMSE 43514 29.57 F

51.63 ug/m3,

500 — 250
N=203064 P N=5347 ’
Y = 0.75 + 16.45 P 4 Y =0.84 + 10.26 e
400FR2=0.77 v 200} R?=0.87 Y >
N RMSE =29.70+ . & RMSE=17.65 -,
5 MAE = 18,80, A% MAE=12.04 » v
623001 e 150 3% ¢ g8
= B
=6
o © 200 100 |
©
g
[+
100 § 50 F
.- ; Monthly
% 100 200 300 400 500 %0 50 100 150 200 250
400
600 | N=196846 / N=5163 //A
Y =0.74 + 35.79 «| 350}Y=0.82+23.53 4%
500 R2=0.76 o n i R2=0.86 po’e oF A
e RMSE =51.86 .sa bt 300 FRMSE=31.26 "
£ MAE = 35.4748 - MAE = 22.65. £ i
22 400} & o 250+ » 12
=S ' '
O S 300 B 2007
& .| 150}
@ 200 4
o 100+
100y 50 15 Monthly
0 L 1 1 O 1h 1 1
0 200 400 600 0 100 200 300 400
Observation (ug/m?3) Observation (ug/m?3)

Comparison between observations and predictions of out-of-
sample CV for daily and monthly PM,: and PM,,. Dashed
lines denote 1:1 line. Solid lines denote linear regression
fitting. The sample numbers (N), linear regression function,
R2, RMSE, and MAE are also shown. Units of RMSE and
MAE are pg/m3.

Wang et al., ESSD
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Spatial patterns of seasonal PM, . and PM,, anomalies
(the difference between seasonal mean and annual mean)
in India during 1980-2022.
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The annual mean MPA8 ozone Change rates of annual mean MDAS ozone The spatial distribution of ozone peak season
concentrations in 2019 concentrations from 2013 to 2019 with different months in 2019
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Flow Chart
Data sources OpenAQ and ERA5+MERRA2 Feature Label

Type Variable Description Spatial Resolution Meteorology @
ERAS SSRD Surface solar radiation 0.1° X 0.1°

EVAP Evaporation 0.1° X 0.1° AOD

TEMP2 2m air temperature 0.1° X 0.1°

DEWP2 2m dewpoint temperature 0.1° X 0.1° PM components

SP Surface pressure 0.1° X 0.1° L{
TPREC Total precipitation 0.1° X 0.1° TRAIN | TEST [+

UWIND10 10m u component of wind 0.1° X 0.1°
VWIND10 10m v component of wind 0.1° X 0.1°

BLH Boundary layer height 0.25° X 0.25°

TCLOUD Total cloud cover 0.25° X 0.25°
MERRA2  BCSMASS Black Carbon 05° X 0.625° -
OCSMASS Organic Carbon 05° X 0.625° - o .25
DUSMASS25 Dust- PM, 05° X 0.625 ° el B
DUSMASS Dust 0.5° X 0.625° <l 19
SO2SSMASS sulfur dioxide (SO,) 05° X 0.625° g
SO4SMASS Sulfate 05° X 0.625° 13
TOTEXTTAU Total Aerosol Extinction 05° X 0.625° ;1

Disparities in global PM, exposure: = ‘;

o RIS T YA HFRME: L1>=10 pg m3, L2 =20 g m3, L3=30 pg m, L= 40|,gm3
o GO HAEEE ST R TTVE: ﬁﬁ~$ﬁlﬂ H PM 4 B2 e st A v A8 1R R B L A1) 5
o KMEFEXRERTTEITE: tHEFEPM RS IS H bnfE i X 8 ) in preparation
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Relations between population weighted PM, concentrations and GDP per capit? (US dollar: §)
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AJEFFIERFZEIRAIIVOCs (HCHO), NO, (NO,)FASKER(PM, o) RIS

Global Monthly Surface Ozone Formation Sensitivity to Chemical Indicators from 2005 to 2023
Interpretable Model - =

Ozone Formation
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Worldwide
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Prediction and

Attribution

Step1: Pre-training deep learning model on historical simulations of the climate-chemistry model

GFDL_ESM4 Meteorology

o -

e all NS P

Inbut4MIPs Emissions

=

1850-2014

Step2: Fine-tuning on reanalyze data

ERA5 Meteorology

S D E

CAMS Emissions

Step3: Predicting of future ozone and revealing the contribution of biomass combustion
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2005-2019

Multiple CMIP6 Model Meteorology
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2020-2100
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Data Model Tasks

' . Meteorology
@ Physical Earth System . Hydrology

Reanalysis and model output Foundation Model . Atmospheric chemistry

Earth Observation Geospatial | . Mapping (e.g. vulnerability)
$ E dation Model . Detection (e.g. inundation)
W U , «  Time series forecasting
Socio-economic data
A
((E%)) Sommunication *  Multimedia data
N . Communication
Text Speech -oundation Model

. Interactivity

Images  Videos Integrated Early Warning Foundation Model

Fig. 3 | Vision for an Integrated Early Warning Foundation Model. Integration of currently developed foundation models into a modular Early Waming Foundation
Model (center) allowing for ingestion of diverse data (left) and for addressing prediction and communication tasks (right).

Markus Reichstein, NC, 2024
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