Open Journal of Natural Science H #3122, 2025, 13(5), 947-962 Hans X
Published Online September 2025 in Hans. https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ins.2025.135099

M40 B FAF PR LF RN R I SIES W
HIAS X R

X g%, A #
RS B TRER A RAREE 2, U] AR

Wk H . 20254F6 230 FHEM: 20254F8H21H: KA HI: 202548 H28H

HE

#-T1980~20204ECRU. NCEP/NCARE M BEREHIR, ARG T RERE P A FHRERR
HX T RAR R SRKEEER, ERFRN T WA AR RME R T RN . B LR IER
RBME. SR RIEEHE TRESETT %, 3 T RECTFHRERNEEES RERRLES,
FIRGH Mz 1S Wiit— B 00 T R RIESRE . GRER: R AFESEAIT40EN
B R RPEER, HERURBEEMIUR, ERERAANRERFRKE RIS E TRALAE,
RIAAB AR FREERL. WIRER, FRRIRIL, WIEEEE. KITP A RICHIX kg
%, PHEERLD, PREEEN THENEER —RER TR " BN >R s A E R
B, WIRRES, FRMtEEE, HlH ERICIKRALERIG . o) miE s K8 RBEFIBUR B85S -
KREFRANBEHZ N ERRY, BRARMAELREAFN R OMERREHREE, 5IXRE
BEREMCE. PESERERRRES, BRLERD) . RBEKSMARE AIBREER, R
WAAEF=AT BEMIENRER N . ASCHEMMENSOS FALTE T M XS R R EHLHIRAL TR 2K
¥, ARTRARLIBX KR FRTMEE T .

KR
AR, WREE, RLSUR, THRE, KSR

The Asymmetry of the Influence of Sea
Surface Temperature in the Tropical Central
Pacific on the Climate in East Asia in the Past
40 Summers

Yanbo Liu, Jing Ming

School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu Sichuan

SCESIH: XETE, B, 1T 40 R MG PO EEBEN R SRR A FRIED]. B AR, 2025, 13(5): 947-
962. DOI: 10.12677/0jns.2025.135099


https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2025.135099
https://doi.org/10.12677/ojns.2025.135099
https://www.hanspub.org/

XERE, e

Received: Jun. 23, 2025; accepted: Aug. 21%, 2025; published: Aug. 28", 2025

Abstract

Based on multi-source data such as CRU and NCEP/NCAR reanalysis data from 1980 to 2020, this
paper systematically analyzed the regulatory effect of summer tropical central Pacific Sea surface
temperature (SST) anomalies on the climate of East Asia during the same period, with a focus on the
asymmetry characteristics of this influence and its possible physical mechanisms. Through meth-
ods such as empirical orthogonal function decomposition, composite analysis, linear regression,
and t-test, the main modes and interannual variation trends of SST over the central tropical Pacific
were identified. By using a fixed standard deviation threshold to distinguish significantly warm and
cold years, further comparative analysis revealed that the SST in the Nino4 region has been contin-
uously warming over the past 40 years, with frequent occurrences of central El Nifio. The warm
phase of the SST has a much stronger impact on the distribution of summer precipitation and tem-
perature in East Asia than the cold phase, showing a typical asymmetric response. During warm
years, the Western Pacific subtropical high shifts northward, driving increased precipitation along
the coast of South China, in the middle and lower reaches of the Yangtze River, and in Northeast
China, while precipitation decreases in the mid-latitudes. In the mid-high latitudes, a dipole pattern
of warming in Siberia and cooling in the Sea of Okhotsk emerges. During cold years, the subtropical
high is weaker and located further south, with a weaker response and more local characteristics.
Mechanistically, this is manifested as a westward shift of the convection position, weakened ther-
mal forcing, and reduced ability to excite teleconnection wave trains. Further analysis of the atmos-
pheric circulation and radiation indicated that the warm and cold phases of the SST regulate the
position of the tropical convection center and the intensity of the Walker circulation, thereby influ-
encing the position of the upper-level South Asian High, the activity of the mid-level Okhotsk Sea
low vortex, the position of the subtropical high, the low-level water vapor transport path, and the
thermal forcing difference, exerting significant asymmetric impacts on the climate of East Asia. This
study provides a scientific basis for understanding the regional climate anomaly mechanisms under
the background of diverse ENSO and is conducive to improving the ability to predict summer cli-
mates in East Asia.
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Figure 1. The time series of the standardized time series of Niflo4 SST (bar charts) and the trend (black
dashed line) during the boreal summers (June-August) for the period 1980-2020
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Figure 2. Composite differences in the precipitation (unit: mm month™') between the (a) SST warm years and cold years, (b)
SST warm years and climate average and (c) SST cold years and climate average during 1980-2020 summers. The
shaded/dashed areas are significant at the 95%/90% confidence level based on the Student’s #-test
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Figure 3. Same as Figure 2, but for the surface air temperature anomalies (unit: “C)
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Figure 4. Same as Figure 2, but for the OLR (unit: W-m™2)
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Figure 5. Same as Figure 2, but for the horizontal wind at 200 hPa (unit: m's™!)
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Figure 6. Same as Figure 2, but for the horizontal wind at 500 hPa (unit: m-s™")
6. 5[& 2 —&, {8)9 500 hPa 7K FEXIH(EAHL: m-s™)
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Figure 7. Same as Figure 2, but for the horizontal wind at 850 hPa (unit: m's™)
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Figure 8. Composite differences in the geopotential height (shading, unit: gpm) and WAF (vectors, unit: m?-s™2) between the
(a) SST warm years, (b) cold years and climate average during 1980-2020 summers. The spotted areas are significant at the
95% confidence level based on the Student’s #-test
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Figure 9. Same as Figure 8, but for the apparent heat source <Q1> (unit: W-m2)
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