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ABSTRACT:  
 
Tropospheric ozone is one of the most hazardous air pollutants as it harms both human 
health and vegetation. Leaf uptake of ozone via dry deposition damages photosynthesis 
and causes stomatal closure, which could in turn lead to a cascade of biogeophysical 
effects that modify boundary-layer meteorology and air quality. In this study, we 
implement a semi-empirical parameterization of ozone damage on vegetation in the 
Community Earth System Model to enable online ozone-vegetation coupling, so that 
ecosystem structure, ozone concentration and meteorology can coevolve in fully 
coupled simulations. We find that in major populated regions in North America, 
Europe and East Asia, the inclusion of ozone damage on stomatal conductance and leaf 
area index in the model could reduce simulated transpiration by up to 15%, with a 
corresponding increase in surface temperature by up to 2°C. The resulting enhancement 
in the Bowen ratio generates a generally drier, warmer and thicker boundary layer over 
many regions. These hydrometeorological changes, together with reduced dry 
deposition arising from stomatal damage, lead to a higher surface ozone concentration 
by up to 6 ppbv compared with the control simulation with no ozone-vegetation 
coupling. Our findings show that ozone damage on vegetation could lead to substantial 
modification of the meteorological and chemical environment in the boundary layer, 
and potentially constitute a strong positive feedback on ozone air quality. Although our 
study is global in scale, the results highlight the need to consider two-way ozone-
vegetation coupling in urban atmospheric models to yield more reliable future 
predictions of boundary-layer meteorology and air quality, and to evaluate the 
effectiveness of urban greening and forest management in mitigating climate change 
and air pollution impacts. 
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