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            Abstract
Changes in temperature and air pollution affect agricultural productivity, but most relevant research has focused on major annual crops (for example, wheat, maize, soy and rice). In contrast, relatively little is known about the effects of climate change and air quality on perennial crops such as fruits and nuts, which are important to dietary diversity and nutrition, and represent ~38% of Californiaâ€™s agriculture by economic value. Moreover, the adaptive capacity of perennial crops may be limited by their long lifespans and sometimes large establishment costs. Here, on the basis of statistical modelling of historical data and downscaled climate model projections, we jointly assess the impacts of climate and ozone levels on historical and future yields of perennial crops in California. Although the effects of warming to date are not statistically significant for many perennial crops, the yields of most perennials show a significant negative response to ambient ozone, ranging from âˆ’2% for strawberries to âˆ’22% for table grapes, implying total losses of roughly US$1 billion per year. This suggests that historical improvements in Californiaâ€™s air quality that reduced ozone exposures may have had large, unaccounted co-benefits for the stateâ€™s perennial crop yields, and further pollution reduction could create additional gains. Indeed, the co-location of regions with high production and high ozone damage indicates that opportunities to improve crop yields through pollution mitigation are large.
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                    Fig. 1: Yield response of the 20 most valuable perennial crops to ambient ozone and a uniform 2â€‰Â°C warming.[image: ]


Fig. 2: Historical yield changes for selected perennial crops during 1980â€“2015.[image: ]


Fig. 3: Projected percentage change in yields of selected crops by region 2005âˆ’2050.[image: ]
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