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Abstract. We applied a random forest (RF) algorithm to 2011-2022 aerosol ® ® ® ®
optical depth (AOD) observations from the Geostationary Ocean Color Imager We t ra I n e d a m a C h I n e I e a r n I ng a Igo rlt h m O n a
(GOCI) I and Il instruments over East Asia to infer 24-h daily surface fine :

particulate matter (PM, 5) concentrations at continuous 2x2 km? resolution over

eastern China, South Korea, and Japan. The RF uses PM, s observations from
the national surface networks as training data. Predictor variables along with

AOD include meteorological data, land use indices, precursor emission
inventories, and chemical transport model (CTM) output. Missing AOD data are

Fall in population exposure everywhere

Below, we show trends in cumulative population exposure disaggregated by population.
Panels show on the y axis the cumulative populations exposed to at least the annual PM, 5
level given on the x axis, with year indicated by color. In China and Japan, we find the

. :
fused 2011-2022 record of aerosol optical depth, EEcEsEERIRIEAL TS e
) - pollution, leading to a narrowing spread of annual exposures, as shown by the sharpening

slope of the cumulative distribution. Distributions across the domain shift left over time,

gap-filled by a separate RF fit. For South Korea, PM, s training data before 2015 - - with the maximum to w.hich any population is exposed decreasing everywhere.

(when the surface network began measuring PM, 5) are obtained with a separate 5 a I r q u a I I ty n EtWO r k d a t a m Ete O rO I O gy | a n d u S e Eastern China South Korea Japan

RF trained on the available network data for other pollutants including coarse ) 4 S 100 100 =

particulate matter (PM;,). For China, PM, 5 training data before 2014 are from the : ‘:;; = o 801 80]

US embassy and consulates. The resulting dataset offers a unique continuous : - 2= 60 &2 60

record of PM, 5 over a period of rapid changes in the regulation of precursor : d a ta C h e I I I I Ca I t ra n S p O rt I I I O d e I d a ta a n d I I I O re . 2 gm- 40 40-

emissions. The GOCI PM, 5 data are successful in reproducing the surface : ) ] '—é @ 20, 20 20

network observations including extreme events. We find that after peaking in : 3 o éa’ e 0 gb’ —— - S (0" M-

2014 (China) or 2013 (South Korea, Japan), population-weighted PM, 5 has been

. . . . ) Annual PM, . (pg m3) Annual PM, . (ug m?3) Annual PM, . (pg m3)
steadily decreasing in all three countries through 2022, and no region has been

T ari e rsr el \We then produced a continuous 24-h PM, . B An extreme urban PM, ; event

pollution event in Seoul and find that the predicted distribution is indistinguishable
from observations, while our previous 6x6 km? product suffers from smoothing
errors due to resolution. We find that in early years in Seoul and Shanghai
weekdays are more polluted than weekends but the sign flips later in the study
period, a result uniquely enabled by expanded temporal coverage.

Here we analyze severe pollution event over Seoul on 24-29 May 2016 which

d ata SEt fO r e a Ste r n C h i n a ’ S O u t h KO re a ’ a n d corresponds with the one sampled during the KORUS-AQ field campaign. For this period,

our 2x2 km? product better captures daily changes in neighborhood-level spatial
gradients (R? of 0.97 with observations) as compared with our previous generation 6x6
km? product (R? of 0.77). Observational distributions are also better captured. While a

. :
J a p a n a t 2 X 2 k I I I 2 re S O I u t I O n e two-sample Kolmogorov-Smirnov test suggests the 6x6 km? product has a statistically

significantly different distribution than the observations over Seoul (p < 0.001), the 2x2
km? product is indistinguishable (p = 0.52).

The random forest algorithm
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/ \ managers are interested in high pollution events because they can create public

health emergencies, but because ensemble learning algorithms like the RF involve

averaging many simpler predictors they tend to struggle to predict extremes.

However, due to the very large training set ingested in the training process, we find
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B g | Trees have high variance
[] but on average they are

Splits at each phase in unbiased.

crossvalidation R?: 0.88). We evaluate
the results using a separate testing
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« Surface network - B
---- GOCI PM, ¢ e

We train our random forest (RF) machine learning algorithm
to predict 24-hr surface PM, - observed at sites in eastern
China, South Korea, and Japan.
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Over 2011-22, PM, - networks increase dramatically in density; in
China and Korea, records do not begin until 2014 and 2015
respectively. Our RF produces daily gap-filled coverage across this
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Predicted PM, c (ug m3)
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