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Impact of the East Asian Subtropical Jet's Zonal Position on Summer
Precipitation in China and its Response to SST in the Tropical

Central-Eastern Pacific

Abstract: ERAS reanalysis data, station precipitation data from the China Meteorological
Administration, NOAA monthly average sea surface temperature (SST) and outgoing longwave
radiation (OLR) data from 1980 to 2020 are used in this study to analyze the impact of the zonal
position of the East Asian subtropical jet (EASJ) on summer precipitation in China, as well as its
response to SST in the tropical central-eastern Pacific. The results indicate that in EASJ
westward-shift years (WYs), upper-level convergence and lower-level divergence dominate over
the Yangtze River Valley (YRV). The eastward displacement and weakening of the western Pacific
subtropical high (WPSH) at 500 hPa is unfavorable for moisture transport to the YRV, leading to
reduced precipitation. Meanwhile, upper-level divergence over the Hexi Corridor (HC) promotes
rising motion, accompanied by lower-level moisture convergence, increasing precipitation in HC.
In EASJ eastward-shift years (EYs), the WPSH strengthens and shifts westward. The convergence
and divergence patterns in both upper and lower troposphere, along with moisture conditions and
vertical motion in these two regions, exhibit reversed characteristics compared to those in WYs.
As a result, precipitation anomalies display an opposite phase distribution relative to WYSs. The
zonal position of the EASJ is closely related to the summer SST in the tropical central-eastern
Pacific. Negative (positive) SST anomalies in this region directly cool (warm) the atmosphere,
suppressing (enhancing) local convective activity. These alterations modulate the Walker
circulation and lead to anomalous ascending (descending) motion in the tropical western Pacific.
The vertical motion anomalies further affect the mid-latitude region of East Asia through the
meridional circulation, reducing (intensifying) convective activity near 30N. Consequently, the
meridional temperature gradient in the eastern part of the climatological jet region decreases
(increases) due to the diabatic heating, which weakens (strengthens) the tropospheric westerlies
and results in an anomalous westward (eastward) EASJ.

Keywords: Zonal position of the EASJ; Summer precipitation in China; SST in the Tropical
Central-Eastern Pacific
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R R T R I AT 7R S @ 4y b X 3 2 13458 200 hPa BT () 5
WRUHT o ARSI B ARG 7, oA B AR A T DLd i 52 0 2= PRI 2 1 AR
FH B ZR 03 DX PR R A i, DRI oy R ] 22 Bb [ 7K 35 47 7 12 35 52

R 503 W B B 1 8 XU v A5 R 5 R T L 3 A B ST 1 AU 3
T, SRR T IR U, PR = ZEE R X /K (Lin et al., 2023;
Tang et al., 2024). T4 S AL AE My, 425 EasdEi, B REr K
w1 T IEH KSF (Hao etal., 2024) . 2t i g A6 Ar B B 2RV HE IR 1 B /K B A7 AE
WECR, MRV R AR A BARR T IS (b B, SiER 7
AEKILmEs &K ImE () CESFINZ, 2013). Jiang et al. (2023) Fi U A
HUE BRI T 2R g A Ar B 5 75 e R N R ARV A TR ARG R 4 i
REIRTE 7 A2 iR heT, 5 5 R 76 XIS 5 3002 08 2 AL v # A
oA SR R A 111 10 =701 s L e il = R s B A | R VA = R By = b 1
B I HRRAE, PRI DAAE B 78 K 2 b T aimt m b i B 5 B B H KSR I
R F. fH Lin et al. (2019) T2~ CMIPS BEAYHFFT 1 2% Bl By 75 XU S i
[ 2R VB AR B0 2 T B R K OS2 0 R L5 RO, 224 2 Il Aty 1 DR B i A A L e
PR, AR ML KRE B K A 22, 17 ) ey P AL RSP B K /b o 8 XG0T A% 1 1) 7
BBl AE A R W e R 838 AR B LA R VG RSP B v R IR AL RS, 5 35030 B W
M JL#% 3 (Dong et al., 2011). ItAk, EARESE (2012) $5HA TS 1 H 2
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S S AL o

N Y T b R R I B SR L B AR AR, Y S R T T IR AT I
AR A AR S TR R o DK R R S T L@ RO K o £ P AR AR 1
Rossby WA A AHAALRE I SR MR AL 70 A0 (BRERZ= 5%, 2018) . K PR X &L
MBI E AL B W AEAE B (Yang et al., 2002; Kosaka et al., 2011). 1Ef)#H;
HH R ST R T DA R AT 55 11 L b 3 T OE BRI B KBRS, i R XA
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JZ, MR EEE, S ERGE 2R R AR E R ) (Wang et al., 2024). A,

Xiao et al. (2023) F& BT ENSO F B[ B A MR 1 R A3 45 B Ay o XU Ui
ST A A A 7 B i i A D A G 5 T 1E KT S 2 AT o 1 o e AL
AR, A AR T /R ST A AR Y R B AR TE PP, W ROKTE-H
ARVEARASAF SR B AL PG R, SR RSN AR, AT DR FE R A
FIEH KPR, &2 b5 (Quand Huang, 2012). LA I 7t P4 iR i+
T &R SR LA B RN . SR, BT R A SR AR A A B R
NAEWR, KT 2RATAE SR 7% R R HE AR Fi, #—2550
BT 2 SV 1) 8 7 X I8 R P A7 8 o 4 Bl i o ) S B X 3 S L BRI, A7) 2
— ARSI ) LR

2 BB S5k
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(1) BRH F IR 0 (ECMWIRD S22 H ERAS #2041 558 (Hersbach
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FHE (6-8 1), KPRAIHZEN 0.2590.25% FEEH TN 13 )=,
(2) FERE K B ES R R B0 TR R AR S A
£ CNO5.1CR A E A, 2013), ¥ [A) 73 #E %04 0.250.25 < I ] HL 1980-2020
FHZ (6-8 A,
(3) ZE[H FH ZE NS TR (NOAA) $RALH H V-2 I (Hirahara
etal., 2014) UL OLR %kl (Liebmann and Smith, 1996). #5315 & 1445 6] 90 2%
FON 1KLS OLR HIZ3 07 #5508 2.59R.5S I A6 H 1980-2020 4 H == (6-8
Ao
2.2 RUBRFF 2RATEALEIEEE X
ST IEFTRREAE (2006) FIJ71%, (KR la IR SRS A, E
SRR SR AR A B IR (ZPD: X4k (35245N, 70°120E) &4 %
EE KA NFTELRERESME, HEARITT:
ZPI = mean {Iongitude((U 20(J, 70°=120°E)) ) j €[35°N, 45°N]} (1)
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Figure. 1 (a) Climatology of the 200 hPa zonal wind in summer (June-August) from 1980 to 2020 (contours, units:
m/s). (b) The 200 hPa zonal wind (shading, units: m/s) and its maximum values (dotted solid line, units: m/s) in

summer averaged over 35< 45N.
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Figure. 2 (a) Evolution of standardized East Asian Subtropical Jet Zonal Position Index and its trend from 1980 to
2020. (b) Simultaneous correlation between ZPI and the summer precipitation departure percentages in China.
Dots indicate correlation coefficients significant at the 0.05 level. Scatters of standardized ZPI and the summer
precipitation departure percentages in YRV (c, (25233 N, 92<2122<E)) and HC (d, (33243 N, 102<122E)).
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Figure. 3 Zonal winds (dashed lines), South Asian High (solid lines, units: dagpm), wind anomalies (arrows, units:
m/s), and convergence anomalies (shading) at 200 hPa in westward-shift years (WY, a) and eastward-shift years
(EYs, b). Geopotential height anomalies at 500 hPa (contours, units: dagpm) and wind anomalies at 850 hPa
(arrows, units: m/s) in WYs (c) and EYs (d). Dots indicate regions where the wind anomalies are significant at the
0.05 level.
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Figure. 4 Total column water vapour flux (arrows, units: kg/(m s)) and its divergence (shading, units: 10>
kg/(m? s)) anomalies in WYs (a) and EYs (b). Dots indicate regions where the total column water vapour flux

divergence anomalies are significant at the 0.05 level.
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Figure. 5 Meridional vertical circulation anomalies (arrows, vertical velocity magnified 100 times) and divergence

anomalies (shading, units: 10 s*) over YRV (a, b, 922122<E) and HC (c, d, 102<=122E) in WYs (a, ¢) and EYs

(b, d). Hatches indicate the regions where divergence anomalies are significant at the 0.05 level.
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Figure. 6 (a) Simultaneous correlation between ZP1 and the summer (June-August) sea surface
temperature (SST). Hatches indicate the correlation coefficient significant at the 0.05 level. (b)
Scatter of standardized detrended ZPI and POSI.
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Figure. 7 Outgoing Longwave Radiation (OLR) flux anomalies (shading, units: w/m?) and meridional temperature
gradient anomalies averaged over 200-500 hPa ((contours, units: 10~ K/lat) in WY (a) and EYs (b). Hatches
indicate the regions where OLR flux anomalies are significant at the 0.05 level.
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Figure. 8 Zonal vertical circulation anomalies (arrows, vertical velocity magnified 100 times) and vertical velocity

anomalies (shading, vertical velocity, units: 1072 hPa/s) at 0°in WY (a) and EYs (b). Dots indicate the regions

where the vertical velocity anomalies are significant at the 0.05 level.
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