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Abstract Long-term variabilities of particulate matters (PM) over the past 20 years (Feb. 2000~Dec. 2020) in East Asia were
analyzed based on the Empirical Orthogonal Function (EOF) analysis, and interpreted their relationships associated with
climate factors. As an index of PM, the Moderate-Resolution Imaging Spectroradiometer (MODIS) aerosol optical depth (AOD)
was employed, and two climatological indices, East Asian Winter Monsoon Index (EAWMI) and Sea Ice Extent (SIE), were used
over the same period to investigate the PM-climate associations. The results showed that monthly AOD variability in East Asia
was primarily driven by natural aerosols, and secondarily by anthropogenic aerosols with higher variabilities at around BTH
(Beijing-Tianjin-Hebei) and YRD (Yangtze River Delta) region in China. Inter-annual variations of wintertime (December, January,
and February) AOD clearly showed that anthropogenic aerosol-driven variability was predominant in controlling the AOD in
East Asia, following the same tendencies of Chinese emission reduction plans, such as increasing until around 2013 and then
decreasing since then, and temporal lower variations in 2008. In AOD-climate analysis, the AOD-EAWMI associations implied
that the enhanced East Asian winter monsoon has a considerable impact on the AOD by controlling the air pollutant
ventilation. The correlation between EAWMI vs. Arctic SIE over the Kara-Barents Sea showed the negative correlation during the
same period, suggesting that AOD in East Asia could be also increased in response to the weakened EAWMI and enhanced
arctic SIE, under the premise of ongoing climate change in East Asia.
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Fig. 1. Schematic of the controlling factors involved in haze pollution.
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Fig. 2. Study area and spatial distribution of MODIS-AOD
averaged over 20 years (from Feb. 2001 to Dec. 2020) in East
Asia.
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Fig. 3. Four major principle components of monthly-based MODIS-AOD anomalies generated from empirical orthogonal
function (EOF) analysis during Feb. 2001~Dec. 2020.
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Fig. 4. The 1% principle components of wintertime (Dec., Jan., and Feb.) aerosol optical depth (AOD PC1), and their time series
for three month: (a) December, (b) January, and (c) February, during 2000~2020.
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Fig. 5. Annual variations of the 1% principle components of
wintertime aerosol optical depth (AOD PC1) and MODIS-
AOD time series in selected cities for three months: (a)
December, (b) January, and (c) February, during 2000~2020.
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Fig. 6. (a) Distribution of wintertime 300 hPa zonal wind
speeds in East Asia and (b) time series of the 1% principle com-
ponent of wintertime aerosol optical depth (AOD PC1) and
East Asian winter monsoon index (EAWMI).
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(Francis et al., 2017). 2 Ao A= Francis et al.
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Fig. 8. (a) Regression map of East Asian winter monsoon
index (EAWMI) versus Sea lce Concentrations (SIC), and (b)
time series of EAWMI and Barents-Kara Sea Ice Extent (SIE) for
selected months.
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Table 1. Correlation Coefficients between SIE vs. EAWMI, and EAWMI vs. AOD PC1 during 2000~2020.

SIE vs. EAWMI EAWMI vs. AOD
EAWM SIE AOD EAWMI
(Oct) (Nov) (Dec) (Dec) (Jan) (Feb)
(Dec) -0.01 0.04 -0.07 (Dec) -0.02 - -
(Jan) -0.38* -0.24 -0.19 (Jan) -0.43* -0.12 -
(Feb) -0.347** -0.25 -0.337** (Feb) 0.03 0.21 -0.42*

Used are monthly-basis wintertime (Dec, Jan, and Feb) data, and the subscripts (**¥), (**), (*) and ("**) denote the confidence levels of 99%, 95%, 90%, and

85%, respectively.
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Table 2. The same as Table 1, except for 2010~2020.
SIE vs. EAWMI EAWMI vs. AOD
EAWM SIE AOD EAWMI
(Oct) (Nov) (Dec) (Dec) (Jan) (Feb)

(Dec) 0.26 0.297* 0.01 (Dec) 0.21 - -

(Jan) —0.54%* -0.12 -0.10 (Jan) —0.347** -0.01 -

(Feb) -0.22 -0.42* —-0.68*** (Feb) 0.347%* 0.15 —0.61%**

Used are monthly-basis wintertime (Dec, Jan, and Feb) data, and the subscripts (**¥), (*¥), (*) and ("**) denote the confidence levels of 99%, 95%, 90%, and

85%, respectively.
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Fig. 9. Scatter diagram of January East Asian Winter Mon-
soon Index (EAWMI) versus October Barents-Kara Sea Ice
Extent (SIE) (black), and February EAWMI versus December
Barents-Kara SIE (red).
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