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Abstract Characteristics of precipitation response to enhanced aerosols have been investi-
gated during the severe haze events observed in Korea for 2011 to 2016. All 6-years haze events
are classified into long-range transported haze (LH: 31%), urban haze (UH: 28%), and yellow
sand (YS: 18%) in order. Long-range transported one is mainly discussed in this study. Interest-
ingly, both LH (68%) and YS (87%) appear to be more frequently accompanied with precipita-
tion than UH (48%). We also found out the different timing of precipitation for LH and YS,
respectively. The variations of precipitation frequency for the LH event tend to coincide with
aerosol variations specifically in terms of temporal covariation, which is in contrast with YS.
Increased aerosol loadings following precipitation for the YS event seems to be primarily con-
trolled by large scale synoptic forcing. Meanwhile, aerosols for the LH event may be closely
associated with precipitation longevity through changes in cloud microphysics such that
enhanced aerosols can increase smaller cloud droplets and further extend light precipitation at
weaker rate. Notably, precipitation persisted longer than operational weather forecast not consid-
ering detailed aerosol-cloud interactions, but the timescale was limited within a day. This result
demonstrates active interactions between aerosols and meteorology such as probable modifica-
tions of cloud microphysics and precipitation, synoptic-induced dust transport, and precipitation-
scavenging in Korea. Understanding of aerosol potential effect on precipitation will contribute to
improving the performance of numerical weather model especially in terms of precipitation tim-
ing and location.
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Table 1. Description of analysis variable, instrument, and its temporal resolution for this study along with station and period.

Variable Instrument Station Period (year) Temporal resolution
PM2.5 (ug m™)

PMI0 (g m™) TEOM 1 hr

Csp (Mm™) Nephelometer BN/SL 20112016 5 min
Precipitation (mm hr') ASOS 1 hr

Cloud Amount Eye-observed SL 1 hr

BN and SL indicate Baengnyeongdo and Seoul, respectively.

TEOM: Tapered Element Oscillating Microbalance.
ASOS: Automatic Synoptic Observing Station.
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Fig. 1. Locations of Seoul (SL) and Baengnyeongdo (BN)
stations mainly used for this study.
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Fig. 2. (Left) Frequency distribution of long-range
transported haze (LH), yellow sand (YS), urban haze (UH),
and mixed haze (MH), and (Right) precipitation frequency in
association with hazes and YS for 2011 to 2016. Numbers in
the parenthesis indicates frequency number and percentage
(%), respectively.
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Fig. 3. Precipitation frequency for LH, YS, and UH for 2011 to 2016 at Seoul. Numbers in the parenthesis indicates frequency

number and percentage (%), respectively.
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Fig. 4. Frequency distribution of precipitation timing
in accordance with precipitation amount (upper) and
precipitation time (bottom) for the period (PRE, EVENT and
POST) of LH and YS. Numbers in the parenthesis indicates
frequency number and percentage (%), respectively.
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with precipitation intensity against aerosol variations for LH
and YS.
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Table 2. Category of assessment between forecast and
observational precipitation, specifically in terms of timing.
Brackets indicate percentage during LH at Seoul.

Forecast
Yes No
Observation
Hit
(15%)
Yes Hit but extended Miss
(35%) (10%)
Hit but delayed
(2.5%)
N False alarm Correct negative
© (2.5%) (35%)
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Table 3. The differences of timing between observational precipitation and forecasting precipitation when the weather forecast

failed to catch the precipitation during hazes at Seoul.

Episode Period Cloud top height (km) Precip. forecast Remarks
2011/01/09 £2 0.59 Miss -
2012/01/09 £2 0.98 Miss -
2012/01/21-22 £2 3.96 Hit Extended
2012/01/27 £2 4.20 Hit Extended
2012/04/10 £2 1.16 Hit Extended
2012/05/25-26 +2 2.68 FA -
2013/01/12-13 £2 3.19 Hit Extended
2013/01/24 £2 1.74 Hit Extended
2013/02/10 £2 0.94 Hit Extended
2013/2/22 £2 0.65 Hit Extended

LH (20) 2013/03/01 £2 0.62 Miss -
2013/04/29 +2 0.95 Hit Extended
2013/10/11 £2 1.16 Miss -
2013/11/07 £2 0.67 Hit Extended
2013/11/15 £2 0.62 Hit Extended
2013/12/26 £2 1.32 Hit Delayed
2014/11/1-2 £2 0.72 Hit Extended
2015/01/15-16 +£2 1.59 Hit Extended
2015/01/18-19 £2 2.07 Hit Extended
2015/02/17 £2 1.89 Hit Extended
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Fig. 6. Horizontal distributions of geopotential height and wind vector at 850 hPa pressure level. (a) 22 Feb and (b) 23 Feb
2013 for a LH event, and (c) 22 Feb and (d) 23 Feb 2015 for a YS event.
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Fig. 7. Time series of PM2.5 and PM10 mass concentrations,
precipitation rate (PR), and cloud amount at Baengnyeongdo
(BN) and Seoul (SL) about LH (upper) and YS (bottom)
episodes.
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Fig. 8. Horizontal distributions of AOD (aerosol optical depth; yellow to red) and CF (cloud fraction; white to blue) derived
from MODIS (aqua) for 22 Feb. 2013 (LH) and 22 Feb. 2015 (YS).
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