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Comparison of Atmospheric River Detection Algorithms in East Asia
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Abstract This study compares the three detection algorithms of East Asian summer atmo-
spheric rivers (ARs). The algorithms developed by Guan and Waliser (GW15), Park et al. (P21),
and Tian et al. (T23) are particularly compared in terms of the AR frequency, the number of AR
events, and the AR duration for the period of 2016-2020. All three algorithms show similar spa-
tio-temporal distributions of AR frequency, centered along the edge of the North Pacific high.
The maximum AR frequency gradually shifts northward in early summer as the edge of the
North Pacific High expands, and retreats in late summer. However, the detailed pattern and the
maximum value differ among the algorithms. When the AR frequency is decomposed into the
number of AR events and the AR duration, the AR frequencies detected by GW15 and P21 are
equally explained by both factors. However, the number of AR events primarily determine the
AR frequency in T23. This difference occurs as T23 utilizes the machine learning algorithm
applied to moisture field while GW15 and P21 apply the threshold value to moisture transport
field. When evaluating AR-related precipitation, the ARs detected by P21 show the closest rela-
tionship with total precipitation in East Asia by up to 60%. These results indicate that AR detec-
tion in the East Asian summer is sensitive to the choice of the detection algorithm and can be
optimized for the target region.

Key words: Atmospheric Rivers, Detection Algorithm, East Asian Summer, AR Precipitation

=

—

1. M
oo] A&HQ NHEE

Aer W FRUS TRIE

Dettinger, 2012; Konrad and Dettinger, 2017), 5% A
S 2 A17] A (Dettinger, 2013)
SFH(Guan et al., 2010; Dettinger

o FH o] RojAE £57] 74 AR A AT
T w2l Qo] T8 9T hh(Zhu and Newell,
1998; Newman et al., 2012; Gimeno et al., 2016). &
3] ARS 75 52 =3 A5 9 #dHol gle
™ (Ralph et al., 2006; Neiman et al., 2011; Ralph and
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et al, 2011). o]} ZFo] & ¢§Ur A el 2
01‘5“’ "X ARG T84S yEE o), A3 AR
g3l Fado] tiFEaL St

duHoz ARS A AsHE WA 87
o] Fasith, YAGeRE F2 A% HrE £37]
(Integrated Water Vapor, IWV) (e.g., Ralph et al.,
2004; Bao et al., 2006; Wick et al., 2013; Goldenson
et al,, 2018) =2 A2 AEH 57| % (Integrated
water Vapor Transport, IVT)S AM&3led 2 A
= FE IVTE ol&dte FAlolth AR ALS
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g HFE AAg o] Fod= JAIFY] A7E HAd
7 (absolute threshold) (e.g., IVT >250kg m™' s7)
(e.g, Rutz et al, 2014) && o 7l (relative
threshold) (e.g., IVT >1VT 7]% 3te] 854l W&
%) (Lavers et al, 2012)2 AT AR E A3t}
ol Zol, &, W, HE T 713 A
H3te] ARS ®HEHH, FrH o=
o] %, AR®| F4lo] YXE 9=
A8l = gt

AA}S FHOZ ARS B 5= W g2, ¥
e 2 deld 719 &R S ARESte] 54
3 AAR jlol ARS Aelsh7| = gtk Radi¢ et al.
(2015)914 = Haleide] d5Qd 27122 314 = (Self-
Organizing Maps, SOM)E ©|&3to tl#=<] IVT
574< wolsl ARS| mlEiwistel] s A EQLA,
Muszynski et al. (2019)°141= Support Vector Machine
(SVM) classifiers ©]43] AlE]E AR % non-ARZ
o]Z E-F(binary classification)dl= S A|<HFS
t}. Higgins et al. (2023)°14= CG (Context Guided) -
Climate®] 2= $4+ 417 W (Convolutional Neural
Network, CNN)Z- 7]Hke. 2 o]u]z] U AR 3E 2] EX|
AFE EA 3T o]HF A+ HE 7] tgE HF S
&3l ARS ®AIStAL 9l7]e] H2 AR ARFUEAA =
=A% ¥ 3 (Atmospheric River Tracking Intercomparison
Project, ARTMIP)S 53 thfst duglgo] 714
EgdA el olsfistaiat ke A7 R E | =
) Th(Shields et al., 2018; Rutz et al., 2019).

Fobrlote] 734 BlaA FHZolof AR FEFS
o] W= Aoz F5 7| AZ). FolAo} AR
< AEH 7P HIMsHA dAstH A5H A 3
=3 Aot IARs #eo] slgo] FERIFEATHGuan
and Waliser, 2015; Mundhenk et al., 2016, Kamae et
al.,, 2017a, b; Pan and Lu, 2020; Kim et al.,, 2021;
Park et al., 2021; Kwon et al., 2022). 224 & A
A3 v R AR daE|Fol| whEk AR 24
e gl el mix= @] Afolrt vehdth o
# 2 Mundhenk et al. (2016) & FS AL
Kamae et al. (2017a)°A= A5E SoMloF AR9
NES7E 13~16% FJE2 YERFI PanLu2.0 Y2g]
Z& A3 Pan and Lu (2020)914E 69 F=40llA
79 %28 AR®] W=7 ) 30% =7 vERd
o} T3k Park et al. (2021)9141+= Guan and Waliser
(2015) g EHS MAS S o83ty AR
B A1719] ForAlol ARS] HIEFE oF 20% A=
2 R} olet 72 Aol= AMESE ulolE g}
AREA] LAE]Fe] 2] HFo g2 FAHEA R o}
7HA darE)E7t AFAQ1 vlal A4 FRERA] it

2 A4E gds AR A daEEE vy,

Sh=17)48ks 7] A133E 43 (2023)

Folrlol o35 AR ©X|9] EIAAS Hrletaat
st} ARG A7F SR vl ARl gis] 18
= \l7}b 9o vk(Shields et al., 2018; Rutz et al., 2019;
O’Brien et al, 2022), soFAolel] tsix= HE
vi7b gloh, FAA ez AUEd AdARES AMHSS=
Guan and Waliser (2015) ¥¢322]&(GWI15), Az
AAZS AHEEE Park et al. (2021) L] E(P21)
zE]3 g2id 719ke] Tian et al. (2023) ¢3S
(T23)g A=3le] FolrJofo|X ARo|] 71 RIHS

o2 Hel thal AR B4 542 viastach. 471 o
£ dueFe Gl 24 B Fol AR B
olAo} 5 AR EHL ola@ 4 9 Aow
7)oy}

5193, 3elM = 7t garEls
23 ARY ZAFHE AR WEFE H| WS o2
AR A 315 9 AR A& AI7FSZ o] Ay
ko AR 4 Eg v Wtk miX|gr e g 4730
e Fo A74E 2oty Byt

2. X152 o Uy

21 Xz

#HZ 7] o LA (European Center for Medium-
range Weather Forecasts, ECMWF)oll A A &3l=
ECMWF Reanalysis version 5 (ERAS, Hersbach et
al, 2020) A% ARE AHEHAT. AP AzE
A7k AIZE s} 1.5° x 1.5°9) s, 3770
o] AAFEEE 7HIth # AFeA= IVTE ALt
3171 $13ll ERAS AE4] 2EE.2] 1000 hPa**E] 300 hPa
AR ) A W, GE wake] vlgka HEe AlE
stk BT R HGS A% HRsle] IWVE A
o3t FAIFALZ VTS IWVE (3 1)k 7ol A
bt
1 300 hPa d );

IVT =|IVT|, IVT = (— -
v, gjlooo hpa 74P

1 300 hPa )9
+|-- d
( gﬁooowaq‘)py
1 300 hPa
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21000 hpa 7P M
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and Atmospheric Administration, NOAA)o| A A|-&-3}
= Global Precipitation Climatology Project (GPCP)<]
1°x1° 99 74 A2 E o831 tHAdler et al., 2018).
ERA59} GPCP 2% 201694-E 2020139 6-8E 7]
7 AT

2.2 AR EBHX| &12|&F

2 AFoM = okl A9 AR ©AE H|aa)
7] SlElA 37119 M= e daEes AR
e YaEFS IVT A dARE &85 GWIS,
IVT At dAZS 283 P21, IWVE 547 AR
< R8s 9 dazEls 1230tk GWI5SE IVT
7} A 71F OS] 85% o1 2 100kg m s
olhHE sk dA&5E AAES] IS AR $H
AAZ AR gch 713 1A 2F AatelA /Y ols
Z W IVT & A9 85%= 2 AHL 8T B
Y 2Fle] AR FHZ AA s i FFo] A&F
o2 vro I A, A4 85%0l 3E st IVT
ol FASHA 27] wiel Al AT ALE-3h]
100kg m™' s7'& He AATS G o] & 4
IVTe] Whako] Ha IVTY ek} 45° o) xjo] 1}
E AE Asle] AR W AA 57 £
Wako] 2ozt A ke AAETS Egt) Fa
A Hd VT 53 Aol S0kg m' s ©]ke]
A, A7 Ao AX JE - AR FH A
oA ALt} olE F& 5 5571 3l
3t} v wo 7 ARS] 7818 AHols aE st

GW15 (Guan & Waliser, 2015)
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Z0]7F 2000 km ©]7Fe] AL Zojol Hu] o] H]E&o] 2 o]
3 AARRS G0t o] HFE BE 717l diE

W e 3 3 AAES ARE 93K Guan
and Waliser, 2015).

P21 GWISE sobroke] Ao 9A ¥
o2, F 7 F8 F48E FE soMor o
57| % (Park et al., 2021)9] 5442 Wk
HAs VT o287l 150kg m! s o]l
H AAE] S AR FH AAE AAS Fle
IVT o= & Foprol 5 2 Al7]ol S8 745
£ & A9 g SUth(Liang and Yong, 2021).
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5, Byl U AL T ekthe gl
GW1ss} Zjolde] 9t} ol FopAlol ofE Eeol

FHkEo] WA= ARS 5 sANTEeR 4A =
oAx 5715 FHsh] wiolth o] F 2UE& Al
93 g2 ZAEL GWI5e 5 fA5e] AR
S Aol gthPark et al, 2021). °]HH P21 GWI5
£ 7Nt g gt §HA] daElFolA| T GWI15S A
2 AAZRE, P21 AiA AARLE AMESte] ARS
Aolsitl= oA & zFo]E BAt. Figure 1914+
ool A AHE GWI15SF P19 BA Ao &M=
T2 58kt

T232 o 7o) A AAHE FEst 74
sk ged garElsolnt. & ol o] ¢are]E(CGNet,
U-Net, DeepLabv3+, PSPNet, DUC-HDC)2 A}-8-3}H,
ClimateNet (Kashinath et al., 2021)°4] #A|&8= IWV
©} 850-hPa vFd-S o] 83t dhs5gh Bz o|th(Tian

P21 (Park et al., 2021)

[ IVT and IVTA fields at nt" time ]+
e : N\ )
Extraction of the (a(irg?::\gl1s.<§lt\,;)rft‘pggj§:::’tlg' based on the IVT Check 1: IVTA Threshold
i h - 1 1 Define the object as a collection of continuous grid points with
magnitude threshold (over 85t percentile and 100 kg m=' s7') at IVTA > 150 kg m-! s-1
L each grid cell ) \ 9 )
i 1. Coherency: Filterc::::(hf (l)\l/)—'re'c)t";;‘ol:: mean IVT direction A [ Eheck:2: W Dirsction h
. r H J] r . i i v P
deviates its orientation by more than 45° 1. Coherency: F(I:II::/'i’ai:; f:‘s eo?ibejsfatt‘i'::o;e r':g?en ‘Ir\{;rnzj‘;;e.ctlon
2 Poleward: Fliteroutthe objectiol which doesinothave'a 2, Consistency: Filter out the object ofywhich over half of the
poleward component less than 50 kg m™' s~ s X S SRt C ) . .
3, Consistency: Filter out the object of which over half of the grid grid points have IVT dewat;‘ng Tse.object—mean IVT by more
\poims have IVT deviating the object-mean IVT by more than 45 ) \_ Rl J
4 l 2 l '
Check 3: Object’s geometry
1. Filter out the object whose length to width ratio is less than 2
L 2. Filter out the object whose length is shorter than 2000 km )
[ The remained objects are ARs ]»

Fig. 1. AR detection procedures of Guan and Waliser (2015; GW15) and Park et al. (2021; P21) algorithms. The key

differences between the two algorithms are highlighted in red.
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(a) T23 (Tian et al., 2023)
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Fig. 2. (a) AR detection procedure using five deep learning algorithms, and (b) ARs labelled in ClimateNet on September 6,
2011 (blue shades) and ARs detected by deep learning algorithms (red shades). See Tian et al. (2023) for the details of each
algorithm.

et al, 2023). 2} L4E]E0® ERAS 82 /fE AP 717+e] ¥&-& YEPATH(Espinoza et al., 2018).
At & oAl gaElE B/ ARZ BX S XS Wi zF AzpoA EdEH g EAT ARE &
ARZ Ao3ith T239] 7% oA W3 GWISSYE  12417F o) A&HE S /i ARE HolE o] 79

P213k= g2 54 dARE sk fve Aol F JieE AR 24 3R Agosisitt o] /i AR
o] Aok Eeh IVT ol fle Aksel taiA= AR 5] A&E F A7 AR 24 IS5 ro] Hat

& VAT 4 Arke Aol Atk Figue 208 T23 %) AR A% AHE AT AR Fae @
& TS AHES AR YEd Aol Y & AFAR A)E 4 AR ARS B47L E
2ol ALGE Y S FE BRol geks] AWe Aol EAlse 2 /1F0R WEsUATHeg, Moon

Atk Tian et al. (2023)°14 MM S ZHE 4 et al, 2019). 53] ZF Ax} HoA 3F 40 A7H
21t} Figure 2be ClimateNet 2011'd 9¥ 6Y A5 M4 F 28 ol ARe] #FEHIAE W e AR}l
A ARZ PR e oz, T230%2 & A9 A 74 s AR AR A st

3 Az wow Yeh) vlwsk Ao

=

3.4
23 AR HIZ3, AR 2 3l AR X[& AlZH AR
Zt4o| Ro| 3.1 AR EfX| oflA|
AR W= ZF AxpdoA] A 7|17F & ARO] & Figure 3 Al 7] & dxgEe 2 20208 7€

=71448k8] thr] 1339 4% (2023)
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Fig. 3. Example of East Asian ARs on 00 UTC July 3, 2020. Figures (a)-(c) shows the 850-hPa geopotential height (gpm,
contoured), IVTA (kg m™ s™', shaded), and ARs (thick red line) detected by (a) GW15, (b) P21, (c) T23. Figures (d)-(f) are
same as Fig. (a)-(c) but shows IWV (mm, shaded) instead of IVTA.
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0 UTCS] ARS €A% AxE Jehdt) IVTA
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=

£ BFAVE R PB P e noln, ¥
HejgF 2r15te) BE AelE met g ol

—

o] YEPdTHFig. 3a). IWVE 55 EH AIE 7|
A E 7S Holw, IVTAZF ZstA Yehtes
A2l HelE Y 271e] 7PEAEE wEA = 40~60
m” A= IWV o] YePSthFig. 3d).
GWI1591A ®x8k AR®] 79~ solrlo} Aol
3719] ARS ©AEIH oM, [VTASY] HUAES Ao
2 gx5E Ae B3AT 5 JUrkFig. 3a). P212] 7
-, GWI159} FA8HAl ARS ©HA] 319y E 714
2poldS Helth P21S GWI5S 28 Ao} 3%
W& A9 Fe] ol 7F ARE HA|HA] F3krh
(Fig. 3b). o]& 85 A2 IVTZT A9 85%0l s
AT, IVTAZ} 150kg m™' s7'S @A 7] wjio]
o} o2 zpelde EAEHHE Y A FolAe] ARl P21
oA GWIsET o HA &A® Zo|thFigs. 3a, b).
T239] A, AR §A FYo] SAMHEY 5% /M3
2l & wet o2 dagsRo §Ha Z2A Jepsh
IVTA HUizke 4102 ARo| Bx9 GWI15¢} P21
= 2 T23S IVTA EX8F FAHA el =

N, g e

k;

e

Fom, IWVel Kt} FAFSHA Uebdth(Fig. 3f).

3.2 AR HIEF

Figure 4= Al 4|52 ©@X|gt FolAJo} 2|
o] 5H(6~8¢, JJA) ¥ ¥ ¥ AR ¥=FE UE
Ak Al gaEls BF solrlol A o5 3
7 AR M=E SHE Y 27199 7PdaeE et
= Jehe 54L& ReltkFigs. 4a-c). AT Zt
U FS AR W= FoAQl B Hxet 1
HAdizkol lolA 2po]Z Btk GWISS o232 AR
HEPE Foprlol A9 Autaoz b g
°F 10~20%°] Hl=& R SThFig. 4a). P212 ©X|g
AR AT 21719Fe] 7HgAtER] 71 =T 2
A9e wEbA oz ExetH, o] A HofA
GWIsHET HIESE oF 59 Hx ¢ HIHEA §X
SIATHFig. 4b). T232 T2 F ¢g|Fd HlsiA &
AMEEF SlF A9 AR HI=FE O WA &
A5, P212] AR WI= Huigko] oF 160°Ee] -
EAst= A g2, 2ok o 5% (180°E)llAl AR Wl
o] FHugko] vrelsttt.

olgfd ¢aElEE EAL 7 € AR HIZdM =

Atmosphere, Vol. 33, No. 4. (2023)
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Fig. 4. (a)-(c) Seasonal-mean (JJA) and (d)-(I) monthly climatology of AR frequency (%, shaded) detected by GW15, P21, and
T23 and 850-hPa geopotential height (gpm, contoured) in East Asia.
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Fig. 5. (a)-(c) Seasonal-mean (JJA) and (d)-(I) monthly number of ARs (shaded) detected by GW15, P21, and T23 and 850-hPa

geopotential height (gpm, contoured) in East Asia.

AR W= AR F2E HOIT Figure 5& Al
daEFell vehd A5d 2 4 AR 2 3l
= Uehd Zlojrh o454 8 4 ¥ AR 24 Sl
o] BEE AFE 2 U ARS Rl=F FES} 79
ARSIl e TH(Fig. 5). 153 Bt X 64| AR
Rl B3 A daes 25 SMEEE st
o 7P g weh e, 793 898 B H
< Fgo] htHo g Rydt ol ¥ HS T23

oA o] vhy Zlgme] 4 W= NlESe] WEle) o
g HUgte] GE ek WEo] Bk F=#AA UE
dohes dolth Ml darEls 7ke] AR A 3149 2}
ol YEFO|-ARE AhH F& QoA FEHAA Y
ERtEH, GWI5OIA = AR WA 3147} WM aH
Uehte v 213 123904 A AY A et
A eEokth. sk Aoe ALl SAEE Y 7R
o Aeo] Y B p2lolA 7P BE AR WA 3
52 T304 7P 22 AR @A 3142 B9t}
Figure 6= Al &5 =2 BA|g Folrlol A
o] 53 9 ¥ ¥ AR A& A7 YERLh o F

A B3 2 699 AR A& A7+ Al ¢aEE BF
2F EdY] UES 402 A& A7to] ZA YE

= W, 79 9 899 AR A& AJZRe ofd
3 XS HolXE &tk o5F 2 7 €9 AR
o] A|EAIZHE AR WA 3leke 2] T2391M 7F
} 71 AR A& A|7Hg Holx, P21oAd 7FE e
A EAI7HS B Th AR A& A7k X = 69, 7€
o= Al gaEls BF HsHl dehd, 8¥ele
Zh daElg HE2 g2A4 Jeldth GWIsE 283
g FZollA 7 71 AEAIZRS Bl vhE P21
B F2olA 7P 721 AEAE Bk 9
T232 o] 7 AH BFoA 71 AR A& A7 BT

Al GaE]Eel AR Hl=Fe Z4HeR fAKs)
A vebgoy, 7 Fokd By Jre}t Hupe 4
A eF it} AolstAl YRt GW159 P21 &
AN 22719ke] 7HgAIE] oA e AR RI=F7F 7F
& AA JERa, P21olA] GWISETE AR HIEF7}
A Jepsdth vhd 1239 A9 ARS] H1=SUL B
Zo XA Ae Aol Ja, o2 F Gl

HlsiA grol B 3 et o5 Aol dhsf

S

[e2
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Fig. 6. (a)-(c) Seasonal-mean (JJA) and (d)-(l) monthly duration of ARs (hours, shaded) detected by GW15, P21, and T23 and
850-hPa geopotential height (gpm, contoured) in East Asia. The blue boxed region in (a) is the South Korea and Western Japan

domain in this study (30~40.5°E, 124.5~138°E).
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