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ABSTRACT

Springtime PM;, concentrations in South Korea pose a critical threat to public health and socioeconomic stability, which
can be intensified by Asian Dust and anthropogenic emissions. While previous studies have examined wintertime atmospheric
patterns affecting PM;, concentrations, the physical mechanisms linked to land - atmosphere interactions during spring remain
largely unexplored. This study investigated the dominant synoptic patterns and the associated land and atmospheric processes,
regulating inter-annual variability of spring PM;y concentrations (2003 - 2024) using data from the European Centre for
Medium-Range Weather Forecasts Reanalysis v.5 (ERAS5) and Copernicus Atmosphere Monitoring Service (CAMS). The
results revealed that high spring PM;, concentrations in Korea were significantly associated with anticyclonic anomalies over
the Amur River basin in far eastern Russia. The anticyclonic pattern induced the weakening of prevailing westerlies by easterly
wind anomalies over the Korean Peninsula, promoting atmospheric stagnation and suppressing pollutant dispersion. The
anomalous anticyclonic pattern was statistically and physically linked to snow cover reduction in the Amur River basin. The
decreased surface albedo with reducing snow cover enhanced solar radiation absorption and thus greater heat transfer to the
atmosphere through sensible and latent heat fluxes. Consequently, the increased atmospheric heating could lead to thermal
expansion of the lower - to - middle troposphere thereby raising geopotential height and inducing the anticyclonic anomaly.
By incorporating the atmospheric processes linked to land surface conditions, this research advances the understanding of
climate and air quality interactions and offers a robust scientific foundation for developing early warning systems and

evidence-based adaptation policies for springtime air quality management.
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Inventory and Research Center, 2025). B|AHR] = A&
g ol 4 R A4 Aol AA B Mo =
et} T2 20208 7]% OECD 27 5 7Fg =
AR L2 712519 O v (Statistics Korea, 2024), 2060
dofl= QI tiv] ti7]ed W AFGAL 7HE gol 2
A Zoz AgE v ATHOECD, 2016). 27 S
A oAER= HYE A8 9D 27 AEHA e
o}5}A| 713 (Bang and Choi, 2024), 251 A4 5 A
AAZG e FAEAR FFE A= AR HIEFHUT
(Lee, Jung, et al., 2019; Liu et al., 2021). o5 HIEA|

)
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e 82t ofye}, wE 9 F @0l A kekal of
9l &5 A= Qg 4] We
diof] whofish A4 £4S 2ok Aoz g Aot
(KEI, 2023). OECD (2016):= o]2{gt At2]-FA| 4 nsi&
S3ote], 2060 hroll A o oF 302 ¢ 2] 1]
7h HAY Ao R AYseltt

ojz|et YT/ AAl 1EE A4 B FEsH]
UERTE 2019 3¢ 3= A qolA sk A A| 7}
A&HH o g IAstglon, E5] 3Y 4~5Y0= A=S
Z3SE o8] 299 PMys 9 PM =7t 242 99.2 4
g/n’, 144.3 pg/m’7HA] 5390k 22 8 19 11~ 159
= Bt PMys HE7F oF 90 pg/m’ol] Eoh= s A
o] A&E 9o, 13 ~ 14Yol= PM,s 90 pg/m’, PM,, 120
pg/mre] W =2 =17} M= Qth(Allabakash et al.,
2022). Oh et al. (2024)2 20194 U|AHA] =22 QIgH
23 AFGAZE 9F 1,03990] Dot AR S5, o
7] EE &0 APAQl A7 IFE FEoriH

o|Ag mAHAI= Tttt t7] FRYAE dol, 44
Al A% noie}t AR AA &4, Yoyt AMY A F
Ve 2¥cts ST B4 AE 890 QIAFHI 3l
o wEbA s ulNHA] EAYY] FHE YdE FEA
o= ks A2 FF 5l g7 i B
B} o A7 s Aol

=2]9] ofg] Ad A4S sk vAHAY T
Qlo] X HH=E AostA UehdZ BEojrh I d9
A5, T4 HiE Y Qo] F57|nit 5& A9 5 %
A aztoA wiEd A717F H=A] ARTE 37
= F5 99102 Kz drh(Bikkina et al., 2019). 2014
4 F-ARE Ik AHE 24T dolAe, §9
oA FHE 29 40| 95 B I12E {4
HHA 15T E Ut A02 545t th(Vieno et al.,
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2016). ?HH, mj= ARoA= A 9 WE HilE A =
o8 mAHR Fd vE= MAEAY, T 3P
AHE Q] HIT7h F71go) wEt AHE 77 B A1719
3 sk WL Adiske APl EI=EIH
(McClure and Jaffe, 2018). o]t AIH &L H|AHA] 12
E Aol ZF 99 v L2 7S 2] et
AR e 4ds 7HE AlAe, 4 299 1EE
A E olsfistr] flsiAE s A9 viE 44 7]
<=8 S TFHCE 1T 7t U HolEn

Y APAFLEL =Y AT vAHA7E FH e
Hj S 8Tt ofye}t ghitol B3t 714 AR 35,
BAE 171 59 BHA Aol 71Q1gthal Bl
o} thH(Han et al.,, 2021; Lee, Choi, et al., 2019; Park,
2016). webd S v HA TEE A FHL 9
Ax F oqEA ESR ol 29 9 2
F8 AR oY) <8 feEe FYHo nsfor At
(Han et al., 2021; Park, 2016). 184 7|& AF+E2 F
2 HiEF Aol ASE] o], nAHA s=E
ohe <% Wy g7] 24 5 71988 2910 o
FA BEAS AdFor RIS AHo|tHKim et al,
2021; Ku et al., 2021; Lee et al., 2018; Wie and Moon,
2017).

Wie and Moon (2017)2 3F=29] PM), 5= AZ 9
71 AARS] FFE o, &5 U9 <o
Aol ofgt &0l AFE] =9 FUH =A 4 F2o]
SAO AskE o 127 SASt . AE5H3T). Lee
et al. (2018)2 AEZE 1wk A BA4Z B9, St
FHof 17 HAE A&E B 5FS BASol ot
= 7] AA7E = PMy 382 7HSAI7I= HIA

22 AN Kim et al. (2021)S BAGAE
(North Atlantic Oscillation, NAO)T} Z+2 2 A ojjg
o] Al#|E|o} 7|9t FSHAA EFE a7, A
Ao g ti7] AAE FEste] ALE Ik PMy T4
S 2R AEsklnh Ku et al. (2021) A 4
A 171G FAHC R MFH 7] AdE7 BREEE
oA PMyy =7t =4 UEhdS ERlsiith

AR =5 Fes] d&sty] fsids di7] Hd
o] J4d ol gt FFA EAJo] TAoltt vt
A A= T2 7] e vAHA 5= 7k B
AA AT 80l 282 HFATHKu et al, 2021; Lee
et al., 2018; Wie and Moon, 2017). 4 A]|7] T35t 1€
(Kim et al., 2021)o]4} A=ZH(Ku et al., 2021; Lee et al.,
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Fig. 1. (a) Spatial distribution of spring mean PM,, concentrations over the study area (10-70°N, 70-160°E;
left panel) and the Korean Peninsula (right panel), derived from CAMS reanalysis data for the period
of 2003-2024. (b) Seasonal and (c) monthly means of PM,, concentrations in South Korea, derived

from the same dataset and period (ug/m?)

2018; Wie and Moon, 2017)0]] =35t=] o], gH=oflA nA|
A =7 7MY w2 53 (Fig. 1(b)e o= ot o
T= AHHCoRE nEet AAoltt 55 BE2 S
529 AHFEA YA EATt FAE o R {9
He AR, OE AdRE FREEHe t71E B4 B
OItH(Kim et al., 2010). Kim et al. (2006)-2 ZAL7} WAY
o o, PMysET PM) 529 S7HE0] A5 S B
stlon, oj= AL ARE FE PM, Y0 =23
= AARRIHE oo 2 A= e B3 PMicE td2=E,
E WA dE 7] fdE EA5t, i dE
o] F4 mEAMAE AAstaA} qt

2. gtz A WY
2.1. aXY

2 A3-= BoFAoF A|(10~70°N, 70 ~ 160°E)= o
Ao g, §=9 B8 PM v% B0l 71o5t= tf7]
g EA5F9cH(Jung et al, 2019; Lee et al, 2011,
2018). o] AFL RgH oz Qetro} & 5& 71
Ap2|et AMejigFe] AA N AAIsHH (Fig. 1(a)), HEA 71
59} S|P 7157 WASE B 7159 AujEel G
< et A 99 Uole gHE 19, & 1Y
399 94 247} Tkelo] glof 7] wne] WE
o] ZA Yedth(Yang et al., 2020). 7|55t o]
542 ASE Borror t7] =82 AHistd Al E|of
719k9) Algol At oFslE AL, o5 A 7|gT A
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710l SHE=E RIMSHA S3sh= Al7]o]th. o2t 7]
PA ] M&2 FobAlof A9 Higto] FFe o, o
71 QEAY 5o FFE € 5 Utk T=2 AYF
S A5, S5 EF A =
g, e 1Y S)ollA et &
AZE BAEE B fdEE F8 A2 B o
(Laurent et al., 2005, Fig. Al(a)). 184 849 tj7] &
22 Tttt AF 5o IetEA gon, S 29
71 iAol wet Bl s Wk 55| EHiEY
2o A== 7I9AY HES e FHO FA] B
24 HslE ot F8 AR ZEgitt i A
o] W7 F2 AVIYA &% T2 e 459
AF= ToletAY ASAA, AT S 28
St 7] AA 9 %% PM,, A @AYol 710 S
AH(Yun and Yoo, 2019). WehA] & Aol A= o]t
A2 9 71324 EAS 1185to] Fofr|ote] SR
7] Hey} R PMy s 7He] b oA
4510, o el 4 ZENAE st} jirt

2.2, g9z

=9 &2 PMyy =5 24571 #18) European
Centre for Medium-Range Weather Forecasts (ECMWF)
9] Copernicus Atmosphere Monitoring Service (CAMS)
AeA ArE ZE&5HH. CAMSS] PMy, Ame A4
4 24 #E A5E oi7] Zdx 23t A8 53t 7Y
= M A=, A®H PMy, s s 0.75°x0.75"
o] Bt WFEe} 3ARE kA ARt SR AT
(Inness et al., 2019). Ryu and Min (2021)2 CAMS,
TCR-2, MERRA-2 5 Tt 34 2tz s Blwgt 23,
CAMS7} 3H29] PM,, 47] WEAT A 27k BEE 7}
Z <ot A A@ecty Bk v Qlok. ofof whel B A
T= =59 PMyy 5 w42 £1R AlE = CAMSE Ao}
Aot 24 992 $H=(33.09 ~38.45°N, 124.54 ~ 131.06 "E)
o7 AAsided, g FH HTd BHVE B
S PMyg =5 AESHAT 24 7132 CAMS A&
A 22 9] 748 717kl 2003 RE 20247 2 A8t
doo, 4d PM,, 5= A=E 0|85t 52 Ht 5=
£ AhESAH

= 52 PMy 5= H54HS Feoks ti7] g 2
ZIAAE BASH7] 95, ECMWFOA Algske SAIH
71% AEA A=) ERASS ¥ AEE L85t
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ERASE #& Agel g)7] Bde Sgste] BAite 1)
ALE(0.257%0.25°)9] AR A EA] R}FFo|th(Hersbach et
al,, 2020). 53], ERA5= BOHA|o} &< X HO] AJF7HA
MBS T2 A AR GEl(NCEP-DOE, JRASS) 7}
Z AstA AFst= AR HuE vl Qrh(Kim and
Lee, 2022).

2 AFoM = A A5 7IHtste] 53 Hi71d ¥
B9 Ay ARl £97 7] SPo] 2HS wHoA
Kim et al. (2022)2 3H=22] 39 W% A 2404 &
So] 714745 Eolutt sEete] 4ol oF 26
=28 391519 tt. Wang, Han, et al. (2023)2 7|% ¥

sae g
URE 242 53, F59 Mt fdtte 29=2
T84 24 523 714 A1S =ol Het] wE A4
¢ aEG 29 vk Agol o 244 dde +
e FFALR 4S5 HE A ol w= PM &
HET Aol ¥2 94 W] 85 FHCE Y
Hes mepsty] Al AR (u-wind), ERERE

(v-wind), AYLES £4 A5 AGshgict olvf i
H 3F&(850 hPa, 700 hPa), %3(500 hPa), A&(300 hPa)
7ee Bastel TEd $80) E4S TR o
o, EME 199) 49 eIt ol ST 229 850
hPa 9 700 hPa ST Azl A4 717} ok, A EH
et LEE Ve @4 oiE GoltHECMWE,
2023, 2024). ¥ AL TR 7| WX Q] F2HA
A%HE o] sl A mha7 glo] BAo] ks
gouk, g G99 A 4 A o L mestct

oz, AE-t7] ZEA|20] 7 PM, FE
FEo7] Aol 2m 71, AE AD @ @D =
AR & Wk BA 9 & A B4, b WEE A
Attt o714 Aan Y SHak A4
712 ot ggol P e AEE 1S Fto] B

o &gsteict.

> o
“ ;% ol
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2.3. g41YH

2.3.1. CAMS PMyo HIOJH A X {4 FM A

g4 2k ofo] T g ok(AirKorea, 20258 E3] A
= FEYolA 1" PMy A ARE ABskL )
o] Ax= AA Hi71d HHE §HYgtHs o]fo] glo
, %] AL 9 F9 HxA A9 FHOZ HFEH
ol Tt Exo EHFo] EX3ttt. o= Qs
Azo g gt A9 FA A3 & wE



oh=o| =2 PMy, 59 3 HEEH s

OL LLoOOo

T8t T AoRE 7H kA & Aol =
w9 3 EdES Hest, 731} EhH A
2l HlolHE &H5t7] 93] CAMS PM,, &4 A=
ZESHH. WA CAMS Am o] A=A ASH]
oJ5]], 2003WEE] 2024U71A] 9] ofo] Z&lo} B 279}
CAMS A&A A 7t ol ATEAS st

2o g, 7195k gl o3t vk WEAdE 1ets
7] 98 A714% HEs FAE AASELA skl ol
A Ard AALD A7 y,(i=1,2,...n)° 3] o2}
22 AF FA AAAS AEsHATHA 1)

4

P

:L T T

yi =Bt tate (1
o714t AE(2003 ~2024), f= FAIAS 71_7,
= yEH, g= AAFE Attt 71271 p= AALE &
29} A7 AYA 7 FEARS A7 AdA9] BAloZ
= 4

Ui ghog, 1 42 ket 2ok 2)

E3, PMy, A9 AL 9A5] Y8, BE 7%
o] 5AT 24 AA 78S A8t o5

OAEA] HlE A5 5o QIR A7IAR FAE AAT
&, 715 813 PMy M54 % =

2.3.2. 3._=_11°| =2 PMy sk HEJ0| &S DXl

s PM B Al Ut E S 7] sies et
5t7] Isl, PMp st tf7] ®ig 749 R HAEA S
STt B4 ddeREe= AA A+ 717H2003 ~
20249, & 224) & EF PM,) =7} AF5HY] 25%0 3

OXl= 7] THE & Z2MA A3 367

Fot= 42 57 =g AASIAH. ols A= k9] 850
hPa, 700 hPa, 500 hPa, 300 hPa X| Y11 % H4 *}o]& At
Sotgon, B4 2439 A4 942 -34S Sl
o0 ABAEAN BFASE ET 5 517 9

B3 Py 5 452 FEokE Qo HAUZ
= 24571 8, PMyp 5=} SA R (u-wind) Tt A
24 9 PHUARAG R0z Sgsgd

2.3.3. PMyo H#39| & IH ¥ 29

AR A= izl Bls) gz ez Wl £ =
2, di7] &gl A& @4 FAEe Asste =4
O 7 Z183lt}(Seneviratne et al., 2010; Shukla, 1998). °]
2gt A rH e A&4e AE 2o S 7] o)
go] YAHL FAHE 7122 d9¥ste d &5ttt
2 AN = F= B PMy & H5de FEshs
E o] Eo] B4 AN Ax-gY] AEAE nw
A2 WA TFHSTA ST o] S, FHERE
A Ay Y7 sk $59 ARt SEHE &
ot 2ol S HQl A5 di7] Hid FA Aoz 4%
SHIL S GO ATESH AE WAS 7o) Ay
4 Sqotgt. ot AEg7] 7 AF ZRAAS
851 f8l, A=t ot AAgS Hole He
9} 1000 ~200 hPa 7], A YIE, ALEo|x 7 A%
A AASHH E—\_ 249 FAH FAELE -
AAE B9l 90% Al=S3olA ATt

3. d7&n
3.1. CAMS PMyo HIOIE ZZ

7oA CAMS PM,, AEA 229 HIAPS

y }om SN, 200392 202437449] ool selot]
B2 PMy, AR HT AEE SUSA. 4 AER
= d¥d PMy 555 ARSI o, & AR 7 HE A
o] 49 BAZ Hete] o) 24 dwel AR
S HAjol et ol AL AXTAckFie. 2)
B4 43 CAMS AR9] 717F B B E(69.8 pg/m’) =

THE34(46.8 pg/m’) THH] OF 49% EA YR, AW T
23kl QoIAE Aolg Btk st & A7) Ad
HEA 710 ATAS()= 095 (p < 0.0D)E 1S =7
AZE AT AY FAE AAT Amo] g dBAe=
0.7 (p < 0.0)Z, FA AA ARG $X]= i T4
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Fig. 2. Time series of (a) non-detrended and (b) detrended annual mean PMiy concentration anomalies in
South Korea from 2003 to 2024. Anomalies are calculated by subtracting the climatological mean of
the 22-year period from each year’s concentration. The solid line indicates AirKorea observational
data, and the dashed line indicates CAMS reanalysis data. The correlation coefficient between the two

datasets is presented in the upper right corner

o} o3| BAHOR fOI% o) HVWAZ RAF  hPa)?] MLl ths) FHRALAL +Ystect
2 HolZth ol CAMS ARM AuE AYA FE B4 oy AEL WA AT 7IKH003-20244) B

SA o7k YoM, T PMy FES] AIRA B CAMSS] BA PMy, S AALNA, 71 ¥ Rl
W ole AW WE TE ES AT 4 Qi FEoE  oak AW WY 242 99 A9 2AS AAT T, 4
ARIHIL DS AN, 91 25%0] NFshe sk she] 25l HFBHe oS 2
2} s AsteitkFig. 3). AHE THE S 2003,

3.2. sh=9 23 PMyo Sk HEEU BES UIXI= 003 2014, 2016, 2023E0]H, A%E 3= 2004, 2005,
S o] IE =4 2018, 2020, 2022d08, 7] A A Ao wE 7]

ARl BX A FAOE Eotal A dfof T A
Lol Z3tE= 5 AT 717 Ao 24 124 Exs)
At ol & A3 A Aol B A7 HiEH &

=9 F4 PMy Bk WEAAe FEoe I8 W7
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Fig. 3. Time series of detrended springtime mean PM;o concentration in South Korea from 2003 to 2024. The
years corresponding to the highest (Top 5) and lowest (Bottom 5) concentrations are highlighted by
red circles and blue squares, respectively. The high—concentration years are identified as 2003, 2008,
2014, 2016, and 2023, while the low-concentration years include 2004, 2005, 2018, 2020, and 2022
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ol HEEA &, 7154 ¥MEAdo] 7% EE At
HE Hds| BtFsta UZZ AR ol A= 7H9
A% YHAL 24 ZAIKFig. 4), 15T PM, T4
A AR S 457 AA0E S ZIg v
A o] ghI=rt.

29 A AR BF BAR L BT 9
Sfojzh @ o) A sk BAEHY ol A
ASIE WA ek, QA0 R A weA 9] A
7194 WAL HES ABAA BROE ol B} -
TS 77N, EARESY] A7 <82 o=
07 532 FUANA AT F5= ARAIIL2EH PMy,
S 5ol 71998 & Aok 22y ol e fHES
7] 5H5(850 hPa)oll Al |27} w|ofshe, 53] ElHE 11
I 2L A F92 qid go A E9F A9
A= 7t Wol A& PM, 5% He= AFH o= Hst
£ dole A7 ok

HHA, tf7] A ol 24 7P 5ok vehd Al s
2JAJo} obEEZ(Amur River) -§-9] 2] A|9|al= HAlo]
t}. Bok AbH(Bureya range)d} AER-HO| AFH(Stanovoy
range)S E3JF5l= o] X H(Fig. 5)(Lasserre, 2003)0]4]<]
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Mg AR RIS PMy & T7F WIAUSS S5t
7] A, = B3 PMy = R 5 2 532
AR (u-wind) 7t GHEA 9 JHAHREA S Y5t
Ah(Fig. 6). A4 AIK(Fig. 6(a), Fig. 6(b)), 7| 3}
(850 hPa) W F5(500 hPa) Lol A Sh= Mo AA
TAFCE {4 9 ATAT YERET. 49
u-wind Fo] AZFUS 1T o, ol= AFY It &
d PM 5% F7H AEES AARITH FAHAEA
A¥H(Fig. 6(c), Fig. 6(d)) FJAl, IL&5= PM,°] HEFHE
o & 1rt] 25 oA Fogt 29 u-wind HA}
(% w7t verdrh

oleig AvH B AFC Bt AN B4 P
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Correlation coefficients
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Fig. 6. Spatial distribution of correlation coefficients between the spring mean PM;o concentration time series
in South Korea and zonal wind («~wind) at (a) 850 hPa and (b) 500 hPa. (c) and (d) are the same as
(@) and (b) but represent composite differences. Regions statistically significant at the 90% confidence

level are indicated by green contours
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Table 1. Correlation coefficients (1) between the 500 hPa geopotential height time series over the Amur River
basin and time series of PMg in Korea, and surface variables over Amur River basin (snow cover,
shortwave radiation, latent heat flux, sensible heat flux, and 2 m air temperature) during spring. The
asterisks ** and * denote statistical significance at the 95% and 90% confidence levels, respectively

PM,y in Korea Snow cover Short wave Latent heat Sensible heat 2 m temperature
Geopotential
. 0.59%* -0.77%* 0.61%* 0.42%* 0.43* 0.82%*
height
Snow 8 o $k *k
Cover . . 0.72 0.77 . 1.00
Short-wave ; -0.94%%  0.73% 0.61% 0.63** 0.61** 0.75
radiation -
Long-wave
radiation 0.50
Latent heat -0.68%* 1.00 0.25 =
flux 23 o
]
S
5
Sensible heat Lo.0o 8
flux s
=l
©
®
CUR -0.72%* | 0.63%* b ] -0.77%* 0.25 5
temperature o

Geopotential SEGIEEEES ;1 - 0.82*%* 1.00 0.50
Height
_u-wind : -0.77% -0.62% 1.00 0.73
in Korea
_ PM10 020 -0.07 025 100
in Korea

Fig. 7. Pearson correlation matrix among the following variables (from left to right, top to bottom): snow cover
in the Amur River basin, shortwave radiation flux, longwave radiation flux, latent heat flux, sensible
heat flux, 2 m air temperature, 500 hPa geopotential height, and v~wind and PMi concentration over
South Korea. The values in each cell represent correlation coefficients (r). The asterisks ** and * denote
statistical significance at the 95% and 90% confidence levels, respectively

hPao] AYTES} Fa AT ASEHEAL 4G, 8L, o] AL A BASHATKTable 1). 1 A3 93
2m 7L, e MEE) 7 WA BE AAG) JVEAS Bl AR PM, S FAHCE I3 o) 4y
AWAAL, F7h2, oFR2 folo] ZIge] WY ] & Btk ol olR2g fol9 1] W] A B
Ao v]AE S Ao o) T BE PMy SE HO] LT PMy, A ol S 98-S AAkIT A
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Fig. 8. Vertical cross sections of correlation coefficients between the area—averaged spring snow cover in the
Amur River basin and (a) air temperature, (b) geopotential height, and (c) vorticity, averaged over the
latitude band of 46-56°N. Black bars indicate the longitude range of the Amur River basin

(129-143°E). Regions statistically significant at the 90% confidence level are indicated by green
contours
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Fig. A3. Spatial patterns of the first four Empirical Orthogonal Functions (EOF) derived from 500 hPa
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15.01%, and 10.76% of the total variance, respectively. Regions with positive (negative) values,
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correlated with the corresponding principal component time series

Table A1. Pattern correlation coefficients between the spatial pattern shown in Fig. 4c and the four leading
EOF modes. The asterisk * denotes statistical significance at the 90% confidence level, determined
using a Monte Carlo simulation (& = 1,000) based on phase randomization (Bretherton et al., 1999)

EOF1 EOF2 EOF3 EOF4

Eastern high
-0.064 -0.313 0.531 -0.572*

western low

Table A2. Correlation coefficients between the sign-reversed principal component of the fourth EOF mode
(PC4) and six climate oscillation indices. The asterisk * denotes statistical significance at the 90%
confidence level

ENSO AO NAO PDO 10D PNA

PC4 -0.43* 0.242 -0.219 -0.310 0.051 0.094
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