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Influence of aerosol forcing on the
seasonal march of East Asia summer
monsoon
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Focusing on the anthropogenic aerosols effects on the East Asian Summer Monsoon (EASM)
progression, we found that aerosols delay the northward progression of EASM by one pentad in the
south of the middle-lower reaches of the Yangtze River (PD1: pentads 25-35) and the North-Northeast
China (PD3: pentads 38-42). However, aerosols have minimal impact on the seasonal march of EASM
over the Yangtze-Huai River basin (PD2: pentads 36-37). In PD1 and PD3, aerosols reduce sea-land
temperature differences. Also, a southward shift in the westerly jet causing lower-level north winds,
which weakens the EASM in PD3. The delayed EASM progress shows its weakness in PD1 and PD3.
While in PD2, EASM intensity weakens without affecting its northward progression. Aerosols, though
affecting the position and intensity of Western Paci�c Subtropical High, minimally in�uence its
northward movement speed, hence no effect on the seasonal march of EASM in PD2.

East Asia is widely recognized for its distinct monsoon climate, character-
ized by significant seasonal differences between the East Asian continent
and the western Pacific Ocean1,2. Positioned on the East Asian continent
with its eastern border adjacent to the western Pacific Ocean, China
experiences substantial influence from the East Asian summer monsoon
(EASM). Precipitation patterns across the region generally align with the
direction of the EASM, progressing from south to north. EASM-induced
precipitation accounts for approximately 40% of the annual precipitation in
South China and contributes to 60-70% of the annual precipitation in North
China3. The variability of the EASM holds direct implications for various
societal sectors, such as regional agriculture, flood and drought occurrences,
and water resource management4,5.

Numerous investigations have highlighted that during the latter half of
the 20th century, the EASM circulation exhibited a discernible weakening,
featured by a reduction in the sea-land thermal difference, a weakening in
surface southwesterly wind, and southward shift of Asian subtropical
westerly jet stream (ASWJ)6–8. The observed weakening of the EASM cir-
culation results from combination of internal variabilities and external
forcings. Among them, the shift of Pacific Decadal Oscillation and El Niño-
Southern Oscillation on interannual and interdecadal timescales are
recognized as crucial internal variability models within the climate system,
serving as influential forcing mechanisms9.

It has been observed that aerosols play a role in diminishing the
strength of the EASM10,11. Anthropogenic aerosol emissions represent a
significant category of pollutants in Asia12,13. The interactions of

anthropogenic aerosols with clouds and radiation have profound implica-
tions for both the Asian monsoon and the global climate system. These
interactions play a crucial role in modifying the energy balance of the Earth-
atmosphere system14–16. Aerosols exhibit distinct characteristics, with scat-
tering aerosols like sulphates diminishing ground-reaching solar radiation
through scattering, resulting in a surface temperature decrease17–19. As most
anthropogenic aerosols accumulate over land, the cooling effect on land
surfaces is more significant than in marine regions, resulting in a reduction
in the summer temperature difference between land and sea. On the other
hand, absorbing aerosols not only scatter but also absorb solar radiation,
contributing to tropospheric atmospheric warming20,21. The direct radiative
impact of aerosols alters circulation characteristics by influencing energy
exchange between the Earth’s surface and the atmosphere22–24. Conse-
quently, aerosols reduce incoming solar radiation at the surface and increase
atmospheric stability, ultimately leading to a weakening of monsoon
circulation25,26.

Many previous studies have predominantly approached the EASM as a
holistic system when investigating the impact of aerosol-cloud-radiation
interactions on the overall strength of the monsoon within the context of
climate change. However, the EASM system is inherently characterized by
seasonal processes27. The outbreak, advancement, and retreat of EASM
contribute to distinct seasonal characteristics in precipitation within the
monsoon region28–31. While existing research has indicated that the climatic
effects of aerosols contribute to the weakening of the EASM and a reduction
in overall summer precipitation, the specific role of aerosols in the seasonal
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