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Table 1 Different values of concentration response factor (8) under cases with (TempCase) and without (BaseCase) temperature-modified effect
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Figure 1 (Color online) Future changes in (a) MDAS8 O; concentrations, (b) air temperature, (c) age-specific population, and (d) age-specific baseline

mortality rates in years 2030 and 2060 relative to 2021
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Figure 2 (Color online) Spatial distribution of annual mean cumulative ozone overexposure concentration in China during 2013-2021 under different
temperature segments. (a) Low temperature (< 25th); (b) low-middle temperature (25th—50th); (c) middle-high temperature (50th—75th); (d) high
temperature (> 75th). Population-weighted annual mean cumulative ozone overexposure concentrations are also shown at the bottom of each panel
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Figure 3 (Color online) Spatial-temporal distribution of premature mortality due to short-term ozone exposure and the contribution of temperature-
modified effect to health damage. (a) Spatial distribution of 9-year-mean temperature-modified short-term effect of ozone on health burden during
2013-2021. (b) Spatial distribution of the contribution of temperature-modified effect to premature deaths averaged over 2013-2021. (c¢) Yearly
variation of ozone-related health burden from 2013 to 2021, the black dotted line represents the premature deaths due to short-term ozone exposure
modified by temperature, and the red dotted line represents the difference in health hazards of ozone exposure with and without considering temperature

adjustment, the error bars mean 95% confidence interval
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Figure 4 (Color online) Yearly (blue bars) and warm-season (red bars) differences of health hazards due to short-term ozone exposure with and
without considering the temperature-modified effect in 31 provinces in China during 2013-2021. The error bars mean 95% confidence interval
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Figure 5 (Color online) Monthly variation of ozone-related premature deaths averaged over 2013—2021. The black dotted line represents the health
hazards due to short-term ozone exposure modified by temperature (left y-axis). The red dotted line represents the difference in health hazards due to
short-term ozone exposure with and without considering the temperature-modified effect (right y-axis). The warm season from May to September is

shaded by light red. The error bars mean 95% confidence interval
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Figure 6 (Color online) Evolution characteristics of premature mortalities due to short-term ozone exposure with changes in (a) daily temperature and

(b) MDAS8 O; concentration averaged over 2013-2021. The black (red) curve represents ozone-related health burden without (with) considering the

effect of temperature modification. The light-red-shaded area means the positive impact of temperature modification on worsening ozone-related health

hazards
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Figure 7 (Color online) Changes in premature mortalities due to short-term ozone exposure in years of 2030 (left bars) and 2060 (right bars) relative

to 2021 under different SSP scenarios with(dark-colored bars) and without (light-colored bars) considering the effect of temperature modification. (a)
The scenario of SSP1-2.6; (b) the scenario of SSP2-4.5; (c) the scenario of SSP3-7.0; (d) the scenario of SSP5-8.5. The error bars mean 95% confidence

interval
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Current and future temperature-modified short-term effect of
ozone on health burden in China
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In recent years, ozone (O;) has become one of the major air pollutants in China, and exposure to high concentrations of O;
pollution is harmful to human health. Epidemiological studies have pointed out that temperature has a regulatory effect on
the association between O; and premature death. This means that when the temperature rises, the health hazard effect of O
exposure also increases. However, most previous studies on the impact of short-term O; exposure on human health tend to
treat temperature as a confounding factor, ignoring its modifying effect which will underestimate the real impact of O;-
realted disease burden. Some studies have quantitatively identified the corresponding coefficients between short-term O
exposure and non-accidental total premature mortality under different temperature stratifications, but there is no study to
further quantitatively analyze the number of premature deaths caused by temperature-modified short-term effect of ozone
exposure on health burden, as well as the contribution of temperature-modified effect.

Therefore, it is of public health significance to systematically assess the number of all non-accidental premature deaths
due to short-term ozone exposure in China at present and in the future, and to quantify the modification effects of
temperature on the health damages of ozone exposure under climate warming. The daily maximum 8-hourly average
concentrations of ozone (MDAS O;) in China during 2013-2021 are obtained from the high-resolution dataset of TAP
(Tracking Air Pollution in China), and the future ozone concentrations for years 2030 and 2060 under different SSPs
(shared socioeconomic pathways) are simulated by CMIP6 (Coupled Model Intercomparison Project Phase 6) models. The
national annual cumulative excessive exposure concentration of MDAS Oj; (larger than critical concentration of 67.5 g m_3)
averaged over 20132021 is 6925.0 pg m . The ozone exposure at the low (high) temperature strata is found mainly in
sparsely populated regions (densely populated regions) with a population-weighted annual cumulative excessive exposure
concentration of 313.6 (3696.5) ug m ", which means that the higher the temperature, the more severe impacts of ozone on
health. The health impacts of temperature-modified short-term ozone exposure in China during 2013-2021 have increased
significantly with the value of 10.1 thousand a (95%CI: 8.0-12.3 thousand aﬁl); the 9-year average of premature deaths is
114.9 thousand (95%CI: 90.1-139.9 thousand), of which the temperature-modified effect contributes 1022 persons (95%
CI: 638-4875 persons), and the impacts are mainly superimposed on areas where ozone-related health damage is large. The
modification effects of temperature on the ozone-related mortality sweep across the whole country during the high-risk
warm seasons; the largest impact is found in July with the contribution of 16% (2227 persons (95%CI: 2188-2378
persons)). Compared to 2021, all the scenarios of SSP2-4.5, SSP3-7.0, and SSP5-8.5 present a significant increase in the
number of premature deaths due to short-term ozone exposure in China for years 2030 and 2060 (+21.5 —+281.2 thousand),
and the temperature-modified effect can contribute up to 8.3%. The major factors for the increased mortalities are the
worsened ozone pollution and the deterioration of population aging. However, under the scenario of SSP1-2.6, due to the
improved air quality, the predicted ozone-related premature deaths in years 2030 and 2060 are significantly lower than that
in 2021 (-29.1— 7.7 thousand). Meanwhile, the temperature-modified effects are attenuated under this scenario, even help
to improve the health burden, especially in 2060, suggesting that the sustained improvements in ozone air quality will not
only reduce the number of premature deaths due to ozone exposure, but also attenuate the modifying effects of temperature
under the future climate warming including the impacts of aging-dominated health damages.

ozone, short-term exposure, premature mortality, temperature-modified effect, climate change
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