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Formation of particulate matter and ozone 

Fuzzi et al., ACP 2015



Air pollution is severe worldwide



https://www.nps.gov/subjects/air/sources.htm

Natural and anthropogenic sources



US and China made progresses



By controlling anthropogenic emissions



https://www.drishtiias.com/

New WHO guidelines



Natural sources and contributions to air pollutants
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• Biogenic VOCs (90% global budget)

• Wildfires / biomass burning (23% PM2.5 in US 2020, 3720 exceedances 
NAAQS during 2020 summer)

• Windblown dust (dust storms; 3-5% to PM2.5 in US)

• Soil NO (15% global budget)

• Ocean (8% to PM in coastal areas;  DMS 3-5% to marine SO2 and sulfate)

• Lightings (1-5%)

• Volcanos (1991 Mt. Pinatubo in the Philippines, 2022 Hunga-Tonga)

Natural sources and contributions to air pollutants



Wildfire and biomass burning
California 2020

China before 2017

New York 2022

India twice each year



• 2013 China PM2.5 62 µg m-3

• Natural sources ~20%

Natural sources and contributions to air pollutants

McDuffie et al., NC, 2021Hu et al, EST, 2017

• 2017 North American PM2.5 7.8 µg m-3

• Natural sources ~25-30%



Natural sources and contributions to air pollutants



• Higher temperatures

• Less wind speed

• Humidity/droughts

• Land-cover changes

• Stronger lightings

• Lower boundary layer height

Natural sources change in changing climate

Weng et al., Scientific Data, 2020



Extreme high temperature events accompanied with elevated O3 concentration along the Yangtze River Basin.  

Example: extreme high temperature with O3



High temperatures lead to increases in 

BVOCs and soil NO emissions

BVOCs
HCHO hυ HO2
RO2 NO

NO2

Rising BVOCs increase the AOC (HCHO 

photolysis), converting soil NO to NO2

HOx RO2

Synergetic impacts of BVOCs and soil NO



•Pay attention
• Blowing the whistler
• Informing the public
• Scientific researches
• Formulating strategies

•Working together
• Leading US and China 
• Attending all countries 

What should we do?

Thanks！
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