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ABSTRACT

Atmospheric rivers (ARs) that are characterized by an elongated plume of intense vertically-integrated water-vapor transport (IVT)
in the atmosphere, are critical in the occurrence of heavy precipitation and hydrologic extremes, especially in the mid-latitudes,
in addition to the poleward water-vapor transport. Although ARs affect regional hydrology and can lead to natural disasters, few
studies have examined the relationship between ARs and continuous precipitation events like storms. This study analyzes the
climatology of AR-related precipitation in South Korea (SK) on the basis of storm events. In SK, AR storms undergo a well-defined
annual cycle with a peak in July and outnumber non-AR storms in all months. AR (non-AR) storm duration exhibits an annual
cycle with the peak in August (no systematic annual cycle). AR storms are related to larger (smaller) IVT over East Asian coastal
regions (western North Pacific) compared to non-AR storms. The IVT difference appears to lead to precipitation differences such
that AR storms dominate non-AR storms in monthly and annual-total precipitation, especially in summer. The effects of AR storms
on monthly storm-total and storm-mean precipitation are strongest in the central (July) and southern (August) parts of SK and
decrease gradually towards the north. Seasonal variations in the occurrence and intensity of AR storms and associated daily
precipitation in SK are characterized by a small number of heavy-precipitating AR storms in June and September and a large

number of heavy-precipitating AR storms in July and August.
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Aol4 Uehts 815 Ao BelEo] Liehdth(Ralph
et al., 2006, 2004). X A4 Er)9] HEF At
olo] AR ARS| 82%7} Z91% A7} elgkEo]
Se= LA Zhang et al., 2019). = A7 ©]
ol AE/FY Zaus WY 5 g 850l
ARO| %S u|ZtH(Horinouchi, 2014; Payne and
Magnusdottir, 2014). ARS AXFFOoZ AL FH,
ARO| "=} 7 AR A 99] G5 3 &2 v A
o = FFEC doid= & LA Uth(e.g., Kim et
al., 2013; Lavers and Villarini, 2013; Lavers et al., 2012;
Dettinger et al., 2011; Neiman et al., 2011; Guan et al.,
2010; Neiman et al., 2008; Ralph et al., 2006). 124} &
ofAloto] mX|= ARS| FFo gt A= A gtk

=S A FoMroks ofF &=l EdsiH, o
ol &2 A7t A5H0] 35 % A 5 =99
A g7t A5 DAY} Aof A Ho) A FE FobAlot
o ol2& dEHFe] 57 52 BNt o5H0 F
o] ™ (Knippertz and Wernli, 2010), °]+= FOoFA|o} A&
ZFaet A= ek E3F ofFo U= Ho]&-8f
olf 1l Agutel T2 s B3 FobAlor ¢
it @2 F9 AE of7|3th(e.g, Oh and Ha,
2015; Sampe and Xie, 2010; Ninomiya and Akiyama,
1992; Tao and Chen, 1987). =< EHO] ALE0A AR
o] FotAlo} ol F Aol FFE L HelAL A &
OfAlo} 0| & #E<=o] WEstal, dYle o]F 9] ofFof
Eiu= Ed BAEEIY skE 17192 EAHES
AR9| JFZ F7HAI71AL BHEREY] 515 $57] +
%8 7}3kA 71tk (Kamae et al., 2017b). TSt o] &4 EA]
Bl gl U= ARS g A=FH HE S A
o] tf71e} sfgo] AotH B o = 2HEHY, &
ofAlo} ol & 0] M54 #elo] Uth(Kamae et al.,
2017a). Park et al.(2021)2 AR©O| ZofA|o} o]& 2 7}
ol B2 FE2 AAsHH, 539] o] & oF =& A1719
3ot 7-oF #EEo] Aokl BTk B3 ForAlof o
T =9 ol A7l YEHE ARZS E4A
(quasi-stationary) £<:9] FAE Zsle} s v, 5
olAlo} olE £ L& 4719 ARS Eéfo] o3 o
A, FAE FTAC st JaFe © wo] Wty
At ol ARO|] AEShe Aol AA A
T Pt 4 S AeAE ES S7FSHATHMoon et
al,, 2019). 3t o] 54 FoMAotY] A4, ARO| A&Edt=
HE7F Fom L o] A7t Fod E3t o580 Y5
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giet ~2oHs] g7t dA 7Hs/de] S7FRH(Kim
et al.,, 2020; Moon et al., 2019; Kamae et al., 2017a).
AAH 24 7A S7t= A A EiaEHA Qe
715 Hoh= vie, AREY g 5o T2 A=
7] ¢33} 574 ASFA 71tk (Lavers and Villarini,
2015; Mbengue and Schneider, 2013). o]#{3t 7|& =3}
= AR} AR 9J3t A 2Rl @A ks opr|d
AUtk AF 2Bk Qs AA|FA g of AH
A ARS =9} Wk HEF F7RRIThA FEA Ut
(O’Brien et al., 2022; Kamae et al., 2021; Whan et al.,
2020; Dettinger, 2011). T3t 7|5 H3l& QIst ARS] &
& WS A og 53 A4S IAAA 7Y A9
I AQitoll 2 HIE £ 4 AHh 1P ER AR EF
A9 ARl 7 Aol tigt AFA Y olsl= aeAdd &
A9 weleh A WH o] v Fash.
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Fe FE A7 EE D 99 5 FL A2 Fuo] s
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2% 3 AR L vl AR Ao dhef HAist
479 30 ~50%+= ARO|
oA JFS wow, 7P At AF FolAE 60~
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ot A ofHdt FIFe v|A=A0f tiste] £4
Skt 2ol A= AREE AR H AR ARt AES
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E Q= Guan and Waliser (201525 A3 AR
Aol 15t 47| #HSE A ARE ARSI
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Forecasts)?] ERA-Interim (ECMWF Re-Analysis —
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oA AR AEo] AA|oh= H &2 HE-E9 E47|7H £
AR QoA oF 50% o]/Fo]qltt. AGEREE= A= Faf
QF A Hof| A AR AFo] AA|5H= H]&O| T A UEL
THE v[AA]). detol]l tiofl Bet Aoz g W
5T 50% ool 29(71%) 7H(72%)°] 7V =
ok, 19(53%)T 9Y€(51%)°] 7} WFthTable 1).
Fato] 93PS ulH AR AET} non-AR AEL AF
I Ao wat F3gH HelE HAoh AL ~2¥T
12¢)oll= Fete] thREE A FofA 17] ©]5te] AR AF
o 3 WATH(Fig. 1). 39FE Do 271 o]/4+Y

Table 1. Fraction [%] of monthly number of AR storm and total precipitation for AR storm about total storm
in South Korea. PR mean precipitation

Month 1 2 3 4 5 6 7 8 9 10 11 12
AR storm 53 71 68 66 58 56 72 62 51 54 66 58
AR storm PR 66 82 71 77 72 80 86 80 71 65 76 67
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Fig. 1. The monthly mean number of AR storms for the 37-year period (1979 ~2015). The
rectangle in first panel indicates the location of South Korea in this study
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Fig. 2. The monthly mean number of non-AR storms for the 37-year period (1979 ~2015)
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Table 2. The monthly mean of characteristics for AR storm over South Korea.
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PR mean precipitation

Month 1 2 3 4 5 6 7 8 9 10 11 12
The number of
0.81 1.21 1.90 2.11 1.89 2.07 3.00 2.50 1.45 1.05 1.50 0.83
AR storms
The number of
0.73 0.50 0.86 1.07 1.39 1.60 1.19 1.54 1.42 0.92 0.79 0.62
non-AR storms
Total PR [mm] for
14.87 27.07 43.73 64.09 69.99 | 133.87 | 217.50 | 189.26 | 88.94 30.77 33.59 13.76
AR storms
Total PR [mm] for
8.12 5.98 11.74 19.47 26.83 31.64 34.35 48.15 36.59 16.34 10.51 6.65
non-AR storms
Mean PR [mm/storm] for
17.97 21.53 22.03 29.86 36.59 63.61 72.29 75.94 61.29 28.96 22.12 16.14
AR storms
Mean PR [mm/storm] for
10.51 11.28 13.47 17.89 18.84 19.67 29.57 31.09 25.05 17.88 13.17 10.76
non-AR storms
PR intensity [mm/day] for
8.43 10.19 11.41 14.06 17.58 21.60 20.17 20.96 21.54 13.88 10.82 8.33
AR storms
PR intensity [mm/day] for
5.80 6.68 8.36 10.47 10.23 10.19 13.60 12.85 12.71 10.07 7.06 5.63
non-AR storms
4.0 T T T T
mm AR
3.5
3.0
2.5
>
©
a 2.0
1.5
1.0
0.5
0.0

Jan Feb Mar Apr May Jun

Jul

Aug Sep Oct

Nov Dec

Month

Fig. 3. The monthly mean of duration [day] for AR and non-AR storms in South Korea
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Fig. 5. The monthly mean of mean precipitation [mm storm™] for AR storms
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Fig. 6. The monthly mean of precipitation intensity [mm day™'] for AR storms
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