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Figure 3 | Future changes of Beijing winter severe haze weather conditions based on climate models. a, Histograms of historical (blue bars, 1950–1999)
and future (red bars, 2050–2099) haze weather index (HWI), aggregated from 15 climate models under historical emissions and future emission scenario
RCP8.5 (ref. 22). The HWI is constructed referenced to the historical winter daily climatology and normalized by the historical standard deviation for both
periods. b–d, The same as a, but for the three contributing components, V850 (b), !T (c) and U500 (d). The histograms show that for a given threshold,
there is an increased frequency of weather conditions conducive to severe haze events in the future.

as the positive phase of the Arctic Oscillation. This pattern trends
upward under climate change23,24, and the high pressure centre
over the North Pacific (Supplementary Fig. 10) embedded in the
pattern is conducive to weakening of near-surface northerlies over
Beijing. These factors conspire to generate an increased frequency
of conducive weather conditions.

In summary, the frequency and persistence of weather conditions
conducive to Beijing winter severe haze events are projected
to increase substantially under climate change. The increase is
consistent with mean state changes, which include a faster warming
in the lower atmosphere, weakening of the East Asia winter
monsoon, shallowing of the East Asia trough, and rising mid-
latitude mean sea level pressures over the North Pacific Ocean
embedded in the upward trend of the Arctic Oscillation. We note
that PM2.5 observations cover only seven years and might not
identify all conducive weather conditions. Sustainable observations,
with data made publicly available to facilitate further research, are
needed. Our results nevertheless suggest that circulation changes
induced by global greenhouse gas emissions can play an important
role. Global effort in reducing greenhouse gas emissions will
contribute to decreasing the risk of Beijingwinter severe haze events.

Methods
Methods, including statements of data availability and any
associated accession codes and references, are available in the
online version of this paper.
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(a) HWI (b) WCI*

Future changes of Haze Weather Index 
(HWI) over Beijing. [Cai et al. 2017]

Motivation:

• Increase in GHGs contributes to the 

increased Beijing severe haze frequency.

• Decrease in aerosol emissions could 

have the same effect. 

• In future scenarios, aerosol emissions decrease but 

GHGs emissions by the end of 21st century.

• CMIP6 models can represent the HWI and WCI well during the DJF 1979-

2014.

• WCI – an East Asian winter monsoon index by measuring SLP (Wang and 

Chen, 2014).

Aerosol and GHGs emissions in ScenarioMIP.

PDFs of HWI and WCI compared between ERA5 and CMIP6 during DJF 1979-2014
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Changes of HWI and WCI in the future (against 1979-2014)

• HWI increases in the future.

• HWI increases more in SSPs 3-7.0 and 5-8.5 by 2090-2099 due to larger accumulated GHGs 

emissions.

• HWI has the lest increase during 2025-2034 in SSP3-7.0 due to continue increasing aerosol 

emissions. This indicates the HWI is also enhanced aerosol reduction.

• WCI (the large circulation shows the same trend).

• Changes in HWI and WCI can be attributed to air temperature changes.

Beijing haze measured by AOD and PM2.5

• Unlike changes in HWI and WCI, Beijing haze 

measured by AOD and PM2.5 shows that the 

intensity of haze will reduce in all scenarios by 

2090-2099.

Conclusion:

• The main influence on the haze itself is 

the reductions in local aerosol 

emissions, which outweigh the effects of 

changes in atmospheric circulation 

patterns. 

• This demonstrates that aerosol 
reductions are beneficial, despite their 

influence on the circulation.


