Methods
Taylor diagram and Taylor skill score (TSS):
By integrating the correlation coefficient (CC), root mean square error (RMSE), and ratio of spatial standard deviation (RSD) into a polar coordinate plot, the Taylor diagram is considered an effective tool for evaluating the performance of model simulations. The formula for the TSS is as follows:
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    (1),
where Rm is the correlation coefficient, R0 is the maximum correlation coefficient (set as a constant 1), and
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are the standard deviations of the observations and simulations, respectively. A TSS value closer to 1 indicates better consistency between the simulations and observations (Zhu et al 2020, Li et al 2021).

Interannual variability skill score (IVS):
The IVS value is calculated according to the following equation (Scherrer, 2011): 
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where STDo and STDm denote the standard deviations of the observed and historically simulated data, respectively. A lower IVS value indicates better simulation performance. The IVS has been effectively applied in evaluating the simulation of interannual variability of TP SAT (Peng et al 2022).
Four multi-model ensemble approaches: 
(1) The conventional MME, which assigns equal weighting to all participating models (commonly called “model democracy”). 
(2) The climate model weighting by independence and performance (ClimWIP), which assigns different weights to each model by considering its skill (performance weight) and inter-model independence (independence weight) (Chen et al 2011, Knutti et al 2017, Sanderson et al 2015, 2017, Li et al 2021). In this study, the weighting parameters were calculated using the mean climatology and trend of summer SAT over the TP. 

(3) The linear regression (LR), a linear algorithm that minimizes the sum of squared errors and is particularly suitable for regression problems involving multiple models or ensemble members (Li et al 2021). 

(4) The random forest (RF), a bagging algorithm that uses decision trees as estimators to construct an ensemble of trees for solving classification or regression issues (Liaw and Wiener, 2002).
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Supplementary figure 1. Anomalies of summer 200-hPa geopotential heights (color shadings; units: gpm) regressed against the concurrent raw TP SAT index, based on the CMIP6 models during 1961–2014. The anomalies significant at the 99.9% confidence level are stippled. The green contours denote the TP (3000 m above sea level).

[image: image6.png]30°N 2 LSS CM2 80N _(b)Acgpss-ESMl-s
- = =

— 80°N __! h ! .CanESMS

70°N- . =

N1 =2
0° 20°E 40°E 60°E 80°E 100°E 120

“\\

OO

_%C -CM2-SR5
-

N
OO

& o
$<s

80°N-{ f)cmccEsme

"20°E 40°E 60°E 80°E '100°E 120°E

:.‘n i

1.8
1.2
0.6
0.0
-0.6
-1.2
-1.8

: ' 120
20°E 40°E  60°E S0°E 100°E 120

N1 ey
0° 20°E 40°E  60°E 80°E 100°E 120°E

—80°N
70°N+

(i ) FGOALS-g3
=

N
OO

(p !Ta1E.§M1

; =)
20°E 40°E  60°E 80°E 100°E 120

0° 20°E 40°E 60°E 80°E 100°E 120°E

0°  20°E 40°E 60°E 80°E 100°E 12(

(k) MPI-ESM1-2-HR

£ x

N+
0°

L LA A SO SN 20
20°E 40°E 60°E 80°E 100°E 120

R0°N __! n ) NorVE-SM2-LM -

60°N- €3
50°N

-
OO

1.8
1.2
0.6
0.0
-0.6
-1.2
-1.8

2
20°E  40°E 60°E 80°E 100°E 120

o 70°N-

| 50°N _

N1
OO
80°N-_! Q) !NorVI_E.SM2-MM

60°N - G

20°E 40°E  60°E 80°E '100°E 120°E

o

0°

20°E 40°E 60°E  80°E 100°E 120°E




Supplementary figure 2. As in Supplementary Figure 1, but for summer soil moisture anomalies.The anomalies significant at the 99.5% confidence level are stippled. 
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Supplementary figure 3. As in supplementary figure 1, but for summer SSTAs. The green box denotes the Yellow Sea–Japan Sea region. The anomalies significant at the 99.9% confidence level are stippled. 
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