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Supplement S1. Derivations of Egs. (10) and (11).

By combining Eq. (9) and the time derivative of Eq. (8),

X T L —
alt:r at( EmlS( )) +9 (Xemls( )_|_ X]ir"}et) = —Vir VXir + St (S1)

Since the advection term (— V7 - VX.7) represents the rate of changes in transport of regional emissions ( (X emls(T))),

(Xemls(T)) — _VLT ‘VXir=— (uLT aa + vt agLT) (SZ)

2 (xgmis®) 1 xmer) = 5 (s3)

By substitution of Eq. (4) (XLt = XL — Xsy) into Eq. (S2), Eq. (10) can be derived as follows:

ax d d
( emlsm) = - - vLTa—;T = _uLTa(XBL — Xsn) — ULT@(XBL — Xsn) (10)

Also, from Eq. (S1), — (X em‘s(L)) can be expressed as Eq. (11) as follows:

( emls(L)) — 6);1;1- at( fmIS(T)) _ 9 Xmet) (11)
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Table S1. Degrees of freedom (dof) of each time series of short-term, baseline, and long-term components calculated based
on Leith (1973).

dof PM1o SOz NOz (6{0) 03 8h T Tmax P RH WS Sl
XsT 1054 1084 1084 1084 1626 1084 1084 1084 1084 1626 1622
XpL 45 45 55 35 50 46 47 47 60 36 58

Xor 2 5 2 4 2 7 7 9 7 2 8
xemis 2 6 4 8 2
xmet 3 6 3 2 2

Leith, C. E.: The standard error of time-average estimates of climatic means, J. Appl. Meteor., 12, 1066-1069,
https://doi.org/10.1175/1520-0450(1973)012<1066: TSEOTA>2.0.CO;2, 1973.

Table S2. Coefficients of determination (R?) between each component and original time series (X) for Seoul average
concentrations of PM1o, SO2, NO2, CO, and Oz gn. Daily data for the period of July 2000 to Jun 2015 that X, data is
available were used.

Components  PMjyo SO, NO, (6{0)] Ozsn Notes

Xs1 0.699 0.541 0.724  0.503 0.474  Short-term components
Xsn 0.276  0.468 0.287 0.397 0.522 Seasonal components
Xt 0.081 0.055 0.038 0.152 0.057 Long-term components
Xgmis 0.064 0.054 0.030 0.124 0.043  Emission-related X
xpet 0.069 0.003 0.019 0107 0.040 Meteorology-related X;t

S3



(a) Available monitoring sites in Seoul (PM,,)

Number of sites

0:
L L s I e )

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

(b) Average PM,, concentration (Seoul)

1000

800

m?)

600

400

Concentration (ug

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

(c) Standard deviation of PM,, concentration (Seoul)

- -
o o
o o

Concentration (ug m™®)
o
o

i Lddle s il .L i
: e e B
2014 2015 2016

0

L
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Figure S1. (a) Numbers of available air quality monitoring sites in Seoul, of which missing data are less than 10% of the

total. (b) Average and (c) standard deviation of PM1o concentrations of the available 18 sites in Seoul. Asian dust events
those were excluded from the PMao analysis are marked with orange color.
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Figure S2. Number distribution of (a) daily average PM1o concentration and (b) log-transformed daily average PM1o
concentration. The bell shaped curves show normal (Gaussian) distributions, and #, 4, and ¢ denote the total number of
days, mean values, and standard deviation, respectively. Asian dust event days were excluded from the analysis.
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Figure S3. Decompositions of log-scale daily time series of (a) PMo and (b) Ossh those averaged for 18 sites in Seoul.
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Figure S4. Power spectra of (a) log-transformed daily average PMzo concentration time series (a black line) and its (b)
short-term, (c) seasonal, and (d) long-term components (red lines). Effective filter widths for KZs 5, filter (33 days) and
KZ 3653, filter (632 days) are marked with blue vertical dashed lines. The power spectrum of the original time series in
(a) is represented with gray lines in (b-d).
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Figure S5. An example of obtaining horizontal gradient of long-term component (Xyt) of PM1o on 23 February 2014. (a)
Locations of 70 air quality monitoring sites in Cartesian coordinates centered at the Seoul weather station (37.57°N,
126.97°E), of which data availability were more than 75% for the period of 1999-2016. (b) Meridional gradients of the

seasonal component (
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baseline (a;(_;L) and seasonal component (a:—;”) obtained by linear regressions. (¢) Zonal gradients of the baseline (%) and

a:;N)- Zonal and meridional gradient of the long-term component can be gained by subtracting the
— OXpL _ 0Xsn OXur _ 0Xp _ 0Xsn
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Figure S6. Long-term component of (a) zonal wind (u; 1) and (b) meridional wind (vyt) at the Seoul weather station.
Zonal gradients (8Xt/dx, red lines) and meridional gradients (8Xyr/dy, blue lines) of the long-term components and
transport terms (—VLT - VX1, violet lines) by long-term components of horizontal winds (VLT = (upt, vi1)) for (c—d)
PMuo, (e-f) CO, (g-h) SOz, (i—j) NO2, (k-I) Oz en. Solid lines in horizontal gradients and transport terms indicate that the
gradients obtained by linear regression are statistically significant at the 95% level or higher (p < 0.05).
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Figure S7. (a) Mean geopotential height (contours with interval of 20 gpm) and wind fields (arrows with reference scale of
3ms™) at 850 hPa, and linear trends of (b) geopotential height (contours with interval of 0.5 gpm yr=!) and wind (arrows
with reference scale of 0.1 m s yr?) at 850 hPa and (c) 10 m wind speed (contours with interval of 0.01 m s yr™?) for the
period of 2000-2015. The trends statistically significant at 95% confidence level in (b) and (c) are represented as gray
shaded areas and wind arrows. Seoul is marked by solid red circles.
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Figure S8. (a) Numbers of available air quality monitoring sites (Nas) within the area of 50 km radius from the Seoul
weather station and (b) Nas multiplied with ratios of the available number of data (Nap) to the total number of data (NTp).
Vertical dotted lines at Nap / Ntp of 0.75 show the data availability of 75% and a horizontal dotted line at Nas of 70
represents the number of air quality monitoring sites used for obtaining the horizontal gradient of long-term components
in this study.
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