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Abstract
Based on the signal separating and reconstructing of the Multi Taper Method -

Singular Value Decomposition (MTM-SVD) method, this study investigates the
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impacts of interannual SST forcing associated with the ElI Nifb-Southern Oscillation
(ENSO) on precipitation over the middle and lower reaches of the Yangtze River
Basin (MLYR), as well as possible underlying mechanisms. Our results show the
MLYR precipitation is associated with the tropical Pacific SST at two distinct time
periods, i.e., the quasi-biennial (2.4-year) and quasi-quadrennial (3.7-year) periods,
which is related to the CP-type and EP-type El NifD, respectively. These two types of
El Nifp trigger different atmospheric circulation responses in the East Asia, both
positively impacting the interannual variability in the precipitation over the MLYR.
On the quasi-biennial period, the mature phase of CP-type El Nifb leads to an East
Asian-Pacific atmospheric teleconnection. On the quasi-quadrennial period, the
mature phase of EP-type El NifD results in a meridional dipole-like distribution of
atmospheric activity centers over East Asia. Additionally, both types of El Nifb events
trigger the western North Pacific anomalous anticyclone (WNPAC) during their
mature phases. These atmospheric circulation systems collectively enhance the
moisture transport from the South China Sea to the MLYR, thereby increasing local
precipitation. Furthermore, our case analyses show that there is a difference in the
relative contribution of the quasi-biennial and quasi-quadrennial periods to the MLYR
precipitation variations in 2002. In the spring of 2002, the quasi-quadrennial period
contributes to the increase in precipitation over the MLYR, while the quasi-biennial
period weakens it. The opposite situation appears in the autumn of 2002. This study

refines our understanding of how the multi-timescale forcing of the tropical Pacific
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SST affects the interannual variability of MLYR precipitation. Our conclusion can
help to improve the accuracy of local precipitation forecasts in the MLYR.

Key words: CP- and EP-type El Nifb; Interannual variability; Precipitation over the
MLYR; Multi Taper Method-Singular Value Decomposition (MTM-SVD); Signal

separation and reconstruction
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] e 7K AR Al A7 B AN R ) 2 TR ARSCAS AT ER R) )R o 23 TR A3 A b o AR
TR R [ A 5 A 2 B Eb R T v 7 P s D e 3, T A X 22 1
AL DX 2> 1 v [ B KA JRDE R PR R B AR (IS, 2003; Li et
al., 2023) o fERfRE L, sEPEKRFAERZT (Lau and Li, 1984) .
fEBr (Ying et al., 2015; Zhang et al., 2015; You et al., 2018) F14E{XFx (Zhang et al.,
2014; Ge et al., 2016) IN[A] BN T F A RIIRG . ARILH T X Az T3k
[ 2 58, S JRE A 5 A AN NI 3 A R i X A —, LRk e o bl i =1
CHRp ] R R 5 R0 - 52 55 ) 2 1 B R M 24 b Ry ol L Tk A= 7 R0 N 5122 4= (Zong and
Chen, 2000; =45, 2017) . Tk, FATHLERAGF KL A Tl X [
TR 25 I 1) ROBE AR A AP AEANATL ), DA s B Fotml pp et 1 30 7y Sy 2 1

AR AT 9 Yk R AR SR 22 4 5o

o [ K AL 32 BIR 22 BRI A AR M, AR HUE . KA A

FiEshaE . WENL T AR, RTHEERIERE (SST) A2 I A R 5#ia
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ot H ] B K R S AN o] A iR, 2006 5K IR %%, 2007; Yang et al., 2017) .
B, FEBRIN R RE b, RN KRR SRS RAT R EENERERES
(Zhang et al., 1996, 1998; Zhang and Gao, 2016; KL= I, 2017; & )11%%,
2017, 2022; Zhang et al., 2022, FtE=%%, 2024; 5kZHESE, 2024) , JB/R)E
W— 77 % 2 (ENSOD YT H T i X [ B /K A 36 25 B2 ) e e GRXIR L, 19965
SRS, 1999; ZEifgHess, 2016; 7KZRME, 2024) . WF7EEM, ENSO
SXof ] 8 7K FR) S e A7 AE A AR B 1) DX 3RO - 72 BN NiPp SR, FRIE B Z=VLE
K2 . HedbAAERT K /b El NiFD SESEUT I MoK 34 AR fe (ZEIE HE AN

TR, 1998; Zhangetal., 1999; 43, 2002) .

ENSO S 1 [5] [ 7K A2 4 110 5 e 3= 22 2 3 3o 75 k57 1) AR S KSR I B ok
PREIE ARSI, Hrh PEAER PRI R . (WPSH) FITE J6 - 7 3 <
e (WNPAC) #3iE Tr EEMMAE G AR, 2017; T —IC%, 2020 .
7E EI Nifo S, WPSH Faffdbta, Insm eyt N g KR s, & puzX
I K w22 (B 35 A48 I, 1962; Zhang, 2001; £R4CHNEE, 2009; 7 iE4%,
2017; Fengetal., 2016) . FL¥k, WNPAC tH/&i%E R ENSO Al [F /K it it R
45, {E EINifp B, PUAb K TVE SST AR 25 & WNPAC, Hi b/ X
HORE R RR R KR R S ik B AT R IX, (R H KBS I (Zhang et
al., 1996, 1999; Feng et al., 2011; %%, 2012; Lietal, 2014) . BtAbh, AG4
El Nifd 5 < 1) WNPAC 1] LAFFEE B B 28 1 0 2R M2 = AR I ), 3 ik
WEEFRKITRIBN P 9 E (F7%, 20100 o DL IX e se st 3 B i1

GRS (EP) HEBEALH EI Nifo S, 7E 20 thalR, —FiBIARESH R
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FEEIGIE (CP) A ZRHIER El Nifo 1R A5 IMSE (Ashok et al., 2007;
Kug et al., 2009; Yeh et al., 2009; Ren et al., 2011; & #F4, 2021) . BT P2 EI Nifp
FFARSC SST S AL E 22 7 25 T AN R B AR I KU e B2 (Feng et al., 2011
Lietal, 2014; 5K AR, 2017) , FE( CP A EP EI Nifo SFx 2 i o [ K
Ze AT AR AL AN 23 ) o3 A B B AN [H) GRS, 2012; Feng et al., 2016; £ 224545, 2020) .

WEFEAR], SST asie AN Fa /K i me N B A 2 I i) RUBE AR AL R . lan, %4t
() EP EI Nifo 224k DA 3-7 4 A 100 3, Wi RAIUA I CP EI NifD JU F A7 58 5 () i
2 FMIIRY (Kao et al., 2009; KA, 2021) . T ASFEIN ] RER SST
BER LRI 7K e L 1455 R LA, i DA 2060 B HE 3 R R v A U i — 1
KFZ; HHAESEHM B, PiZE El Nifo ST A R iieh X K 1) 52 A AL
B Z 78 53 AR

B, ASCRET N /MZ OB H—, WA 2505 5 4 e A LR
KU NEFL SST I8 ) B ARAE 5. FF WA =38 N S B AR AR B A b 1 1ip [ J 3
FRAE? L2, A A IS8 Bl NifD AH OCH AR BR AR FERHC T A AN [F] X K
AR RIS TTHRZE 7?7 o DAl R, A ST SR 2 1 o T —7 A O
J71% (Multi Taper Method-Singular Value Decomposition, MTM-SVD; Mann and

Park, 1994, 1999; #i X 95%%, 2013; Wu et al., 2024a, 2024b) , FE L EIM

Il

BT E S ER; R, RETPIZE El Nifo HOCHIHE 2 451 3-7 4
AL, HEn R A BB P SST i 5 KL b X [ K ARk 3 [
BARRSECL R R BB R 20, BAITR 2002 4 o [ FK SR EAT A

537, EAEPIZE El Nifo AHCHHE 2 FEF0 3-7 4 8 _E 3y P SST AR
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L% e ] B K B LRI (R IA U, A R (9 A TR R 24 5
2. BORHRI 7k
2.1 Btk

AW B TORMESE: (1) FERKTORHE A 3756 [ [ 5 AoV B
Ji (NOAA) [k E @ fE/K (PREC/L) B A HHE, RS HRN 050.55
I 1525 75 A 1960 4 1 F & 2022 4£ 12 A (Chenetal,, 2002) . (2) SST #kbk
HT NOAA I HASRT (JMA) COBE-SST 2 {3 A s, 2IH 3%
N 19<L° (Hirahara et al., 2014) . (3) KA FEIE & i35 F [ o8 PR 58 iR
O-EF KAWL H O (NCEP-NCAR) #24L1 H P81 -8 M F okl =
[F] 73 2 N 2,595 = 7] %1 43 v 17 /2 (1000 hPa £l 10 hPa; Kalnay et al., 2018).

22 ZEHEIT—TRESE (MTM-SVD) ik

L ES T —2F R (MTM-SVD) 77kt 35 S-S 1% % Mann Fl
Park F¥ /& () —Fh 2 AL BAUIB(E 5 7 i H R (Mann and Park, 1994, 1999) . %J7
FRAE TR 2 FINTE (MTM) 54 RE0 M (SVD) Mgis, il
I MTM S f A Yy (AN EE RN 2 ) IR oy i, el
SVD HGANIRIR (] B S S AT 70 1, AT BE B35 MBS 5 . MTM-SVD
JPVERT LATE B BN B AN A AR BT SR, et — PR A L&
T X AR R ARE S, DUBERARIR 25y (1 SST. k. Uk

KD BEARRIE . Wu &8 (2024a) A FH %77 1R 23 B AN [5) A 30 FR Jb RF:
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XHEASIEY (f,) BT S0 SVD, EIRERIN07 B {ty, (fy), 21 EOF 4
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HrpomZE 17 (BRI EFPHAREZ), RERAEESHR. ARG
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Figure 1 The LFV spectrums of monthly (a) precipitation (unit: mm-mon™) over the
middle and lower reaches of the Yangtze River valley (MLYR, 1102122, 27<234N)
and (b) tropical Pacific Sea Surface Temperature (SST, 100E-80<W, 20<5-20N,
unit: °C) during 1960-2022. The red lines represent 90% confidence levels. (c) The
20-year moving LFV spectrum for the joint precipitation-SST field. The dots indicate

the results have a confidence level of > 95%.
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Figure 2 Result from the reconstruction of joint fields (SST, precipitation, 500 hPa
GHT field, 850 hPa GHT field and wind, vertically integrated water vapor flux and its
divergence, same below) at 2.4-year period: The half-period spatiotemporal
evolutions (a-f;: Phases 02150°) of the precipitation over the MLYR (unit: mm-mon™).

(9) The phase-latitude section of the zonally-averaged precipitation over 1102122 €.
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Figure 3 Result from the reconstruction of joint fields at 2.4-year period: The
half-period spatiotemporal evolutions (a-f: Phases 02150 of the tropical Pacific SST
(unit: °C).
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Figure 4 Result from the reconstruction of joint fields at 2.4-year period: The
half-period spatiotemporal evolutions of atmospheric circulation fields over the East
Asia: (a-f) 500 hPa geopotential height field (GHT, unit: gpm); (g-l) 850 hPa GHT
field (shading; unit: gpm) and 850 hPa winds (vector; unit: m-s™); (m-r) vertically
integrated water vapor flux (vector; unit: kg'm™-s™) and its divergence (shading; unit:

10%-kg-m™-s%). Results from the reconstruction of joint fields at the 2.4-year period.
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Figure 5 Same as figure 2, but reconstructed from the joint fields at 3.7-year period.

] 6 o 02 #E DY 4 J) 30 b A i AT KF SST I 338 . £E O AR
(16 a) , SST BERH 1 HULE AR R AT PRI X 28 ()Y FE I K. SR 1Y
58, 7E 9O RLAHM & BIEAS, Wb O AL T 140W PAZK (B 6d) o 7 1202150°
REABIAE], ZRIEAR AR Ok 3818 . PRI BoR, 3.7 fE A I HE M)

TR KSEPE SST F i 148 5 EP El Nifp 411 & @ 1L FEAR L



322
323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

(a) Phase0°® 0.0yr (d) Phase90° 0. 9yr

$

20°N = 20°N
LT - —
MY RS St

20°S= . = 20°S A = > =
100° E 140°E  180° 140 W 100°W 100°E  140°E  180°  140°W 100°W
(b) Phase30° 0.3yr (e) Phase120° 1.2yr
20°N—T~v— ; 20°N r
| \2’@)% : |
0°_, o WO = = 00__
k""’ )\‘D
20°S+= — ] : 20°S -
100°E 140°E 180° 140°W  100°W 100°E 146°E 180 140 w 100 w

(c) Phase60° 0.6yr (f) Phase150° 1.5yr

T
=1:0 -0.5

B 6 A1 3HFE, (HRJ 3.7 FE M EM LR

Figure 6 Same as figure 3, but reconstructed from the joint fields at 3.7-year period.
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Figure 7 Same as figure 4, but reconstructed from the joint fields at 3.7-year period.
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Figure 8 Time series of standardized (a) Oceanic Nino index (ONI; unit: °C) and (b)
precipitation over the MLYR (unit: mm-mon™). The blue and red lines are time series
reconstructed from 2.4-year period and 3.7-year period, respectively. The black lines
are the combination of the red and blue lines. Because of the small amplitude of the
reconstructed results, we stipulate that when the normalized ONI calculated by the
reconstructed SST is greater than 1 for five consecutive months, it is recorded as an El

NifD event.
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Figure 9 Spatial distribution of the reconstructed tropical Pacific SST (unit: °C) in
April 2002: (a) the 2.4-year period signal; (b) the 3.7-year period signal; (c) the

combined result of the 2.4- and 3.7-year period signals.

(b) SST 3.7yr

140°W  100°W B 180° 140°W  100°W

20°N
10°N{® .o

10°5 R
20°SL&

Bl 10 AN 9 #H[A, {HAZJy 2002 4 9 F HAEE R
Figure 10 Same as figure 9, but for September 2002.
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Figure 11 Spatial distributions of the reconstructed variable fields in April 2002: (a-c)
500 hPa GHT fields (unit: gpm); (d-f) 850 hPa GHT fields (shading; unit: gpm) and
850 hPa winds (vector; unit: m's™); (m-r) vertically integrated water vapor flux
(vector; unit: kgm™s™) and its divergence (shading; unit: 10° kg'm™s?); (j-I) the
precipitation over the MLYR (unit: mm-mon™), where (a, d, g, j) are reconstructed

from the 2.4-year period signal ; (b, €, h, k) are from the 3.7-year period signal; and (c,
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f, i, 1) are the combined results of the 2.4- and 3.7-year period signals.
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Figure 12 Same as figure 11, but for September 2002.
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Figure 13 Schematic of the mechanism by which ENSO affects the precipitation in
the MLYR at (a) quasi-biennial period (CP-type El Nifp) and (b) quasi-quadrennial
period (EP-type El Nifb). The red (blue) areas represent positive (negative) SST
anomalies; dotted lines represent the range of positive SST anomalies for the EI Nifo

event; "+/-" represents positive/negative geopotential height anomalies at 500 hPa; the
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