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Figure S1. The quasi-provinces administrative division and topography in China27
(a) 21 tagged regions, including five principal regions, are differentiated by color.28
21 tagged regions are Beijing, Tianjin city and Hebei Province noted as BTH. Jiangsu-Shanghai29
including Jiangsu Province and Shanghai city. Southeast (SE) including two Province (Fujian and30
Taiwai Province). South including three Province (Guangdong, Guangxi and Hainan Province,31
Hong Kong special administrative region). Southwest (WE) including two Province (Yunnan and32
Guizhou Province). Northwest (NW) including three province (Qinghai, Gansu, and Ningxia33
Province). Northeast (NE) including three Province (Heilongjiang, Jilin and Liaoning Province).34
Other provinces are tagged individually. Thus all 21 tagged regions are NE, Neimenggu (NMG),35
BTH, Shandong (SD), Shanxi (SX), Shaanxi (QIN), Henan (Henan), Hubei (HUB), Hunan (HUN),36
Jiangxi (JX), Anhui (AH), Jiangsu-Shanghai (JS) Zhejiang (ZJ), SE, S, SW, NW, Xizang (XZ),37
Xinjiang (XJ), Chongqing (CQ), Sichuan (SC), respectively.38
(b) Five key regions discussed, including the North China Plain (denoted as NCP, including39
Beijing-Tianjin-Hebei region, Shandong and Henan province), the the Yangtze River Delta40
(denoted as YRD, including Jiangsu-Shanghai region, Zhejiang and Anhui province), the Central41
China (denoted as HH, including Hubei and Hunan province), Chengyu area (denoted as CY,42
including Sichuan province and Chongqing region) and the Feiwen Plain (denoted as FW,43
including Shanxi and Shaanxi province).44
(c) The Digital Elevation Model (DEM) of China (unit: meters)45
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Figure S2. Model performance50
RMSE: root mean square error ;51
MFB: the mean fractional bias52
MFE: mean fractional error53

javascript:;
javascript:;
javascript:;


54
Figure S3. Annual and seasonal simulated and observed PM2.5 concentration in 2015 REF55
baseline. (a) shows the annual CMAQ simulation, (b) shows the annual PM2.5 observation of56
monitoring station, (c), (d), (e), (f) show winter (December, January, February, DJF), spring57
(March, April, May, MAM), summer (June, July, August, JJA), and autumn (September, October,58
November, SON), respectively.59
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62
Figure S4. Seasonal transport matrix (percentage) for 12 month in 2015 baseline. The left and63
right panel show REF and CBE scenario, respectively. From top to bottom row represent winter64
(December, January, February, DJF), spring (March, April, May, MAM), summer(June, July,65
August, JJA), and autumn (September, October, November, SON), respectively.66



67
Figure S5. The distribution of annual average differences in simulated PM2.5 total concentrations68
between the SSP126 predicted scenarios (BCC, MRI, IPSL, EC, CNRM models) and the SSP58569
pathways.70



71

Figure S6. The left panel shows the distribution of annual average differences in simulated72
PM2.5 regional transport concentrations between the SSP126 predicted scenarios (BCC, MRI,73
IPSL, EC, CNRM models) and the SSP585 pathways. The right panel shows the box-plot of74
regional transport of PM2.5 concentrations simulated by CMIP6 multi-climate models (µg/m3),75
including NCP, YRD, HH , CY and FW five target regions.76
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Figure S7. Regional transport matrix in different climate models (BCC, MRI, IPSL, EC,79
CNRM)80



81
Figure S8. Similar to Figure 1, the comparison of ∆meteorology-driven PM2.5 regional82
transport under CBE scenarios, (difference distribution map of regional transport between SSP12683
and SSP585 scenarios)84
(a) shows the changed PM2.5 concentration (µg/m3) , (b) shows changed absolute value (µg/m3)85
and (c) shows changed relative ratio (percent), (d) shows changed regional transport (percent)86
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89
Figure S9. Similar to Figure 3, the relationship of five sources and receptors differs between90
SSP126 and SSP585 scenarios.. The left panel shows the change concentration of PM2.5 regional91
transport and the right panel show the change contribution. The red and yellow bar show the92
difference between REF126 and REF 585 scenarios, blue and green bar show the difference93
between CBE126 and CBE 585 scenarios. Each subplot represents the effect of a single source on94



the other four receptors.95
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The future slight change of PM2.5 concentration is associated with the higher planetary98
boundary layer height and increased precipitation in the 2050 global warming trend99
(Fig. S10), these changes are consistent with IPCC’s recent reports and with high100
confidence (Thackeray et al., 2022), highlighting that global warming intensifies the101
occurrence of extreme precipitation in the future, particularly in China (Qin et al.,102
2021; Takahashi et al., 2020).103

104

Figure S10. The difference in precipitation (mm), planetary boundary layer height (m) and105
relative humidity (%) between 2050 projected and 2015 baseline.106
The right panel is the difference between SSP126 and 2015, the middle is the difference between107
SSP585 and 2015, and the right panel is the difference between SSP126 and SSP585 scenarios.108
(a), (b) and (c) show the variation of precipitation (mm); (d), (e) and (f) show the variation of109
planetary boundary layer height (m); (g), (h) and (i) show the variation of relative humidity (%).110
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We found that the changed PM2.5 regional transport is associated with a weakened126
wind field under the background of global warming (Fig. S11), which may be related127
to a weakening of temperature gradients between the equator and the poles, leading to128
a weakening of circulation. Furthermore, previous studies demonstrated that global129
warming results in a weakening of the global atmospheric circulation such as Hadley130
Cell (Kim et al., 2022; Levine and Schneider, 2011; Hu et al., 2018).131
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133
Figure S11. Similar to Figure S10, the near-surface wind field and temperature simulation in134
various between the 2015 baseline and 2050 projected. Temperature is represented by shading135
color (°C).136
(a), (b) and (c) show winter (December, January, February, DJF); (d), (e) and (f) show spring137
(March, April, May, MAM); (g), (h) and (i) show summer(June, July, August, JJA); (j), (k) and (l)138
show autumn (September, October, November, SON), respectively.139
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