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Climate warming, worsening local meteorological conditions, more aerosol pollution and aerosol 
induced vicious cycle to the explosive increase of PM2.5 event in Beijing

Is there any connection between climate warming and local aerosol pollution? What is the mechanism of linkage? If climate 
warming has an impact on local meteorological conditions, how can the specific local meteorological elements, which most 

closely related to aerosol pollution, be extracted to quantitatively recognize two-way feedback between increase in aerosol 
pollution and unfavorable meteorological conditions? These have always been matters of special concern in the air pollution 
research. Here, we analyze long-term variations of an integrated pollution-linked meteorological index (which is approximately 
and linearly related to aerosol pollution), the extent of changes in vertical temperature differences in the boundary layer (BL) 
in Beijing and its vicinity (BIV), and northerly surface winds from Lake Baikal during wintertime to evaluate the potential 
contribution of climate warming to changes in meteorological conditions directly related to local  aerosol pollution in this area; 
this is accomplished using NCEP reanalysis data, surface observations, and long-term vertical balloon sounding observations 
since 1960. The weather conditions affecting BIV aerosol pollution are found to have worsened since the 1960s as a whole. This 
worsening is more significant after 2010, with PM2.5 reaching unprecedented high levels in many cities in China, particularly 
in BIV. The decadal worsening of meteorological conditions in BIV can partly be attributed to climate warming, which is 
defined by more warming in the higher layers of the BL than the lower layers. This worsening can also be influenced by 
the accumulation of aerosol pollution, to a certain extent (particularly after 2010), because the increase in aerosol pollution 
from the ground leads to surface cooling by aerosol–radiation interactions, which facilitates temperature inversions, increases 
moisture accumulations, and results in the extra deterioration of meteorological conditions. This phenomenon of high aerosol 
pollution that have a certain degree of influence on the vertical structure of BL is also observed in most of explosive increase 
of PM2.5 events in BIV during winter of 2013-2017. An explosive event is defined when the PM2.5 concentrations at least 
doubles within several or 10 h. The root causes of the explosive event are characterized in this studies (onset by transport of 
aerosol pollution from the south, then radiative cooling by the accumulated aerosol layer that enhances low-level temperature 
inversion, then the further reduction of turbulence intensity and the height of BL to one-third of the original, then an explosive 
increase of PM2.5 mass event occurred). The feedback effect of BL meteorological factors was estimated to contribute >70% of 
such explosive increase in PM2.5 mass. In summary, an important feedback loop is found for climate warming–unfavorable 
local and regional weather conditions–forming and accumulating aerosol pollution–further intensifying unfavorable weather 
conditions–more aerosol pollution and associated explosive increase of PM2.5. 
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