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serve as guidance for people under current situation. Previous studies only focused on linear trend of the 24STs since 1960.
In this study, climatic changes in the 24STs back to 1873 are analyzed based on homogenized daily temperature series at
Beijing station for the period 1940-2017 and at Shanghai station for the period 1873-2017. The results show that the
annual mean temperature as well as temperatures of the 24STs at Beijing station for the period 1941-2016 and at Shanghai
station for the period 1874-2016 all show warming trends, thus resulting in advancing trends during the warming stage
(around spring) and delaying trends during the cooling stage (around autumn) in the timings of the climatic Solar Terms in
the seasonal cycle. Most of these trends are statistically significant. The occurrence of extreme cold days shows a
significant decreasing trend at both stations of Beijing and Shanghai, whereas the occurrence of extreme hot days at
Shanghai station shows a significant increasing trend. In addition to the long-term trend, there exists apparent
multi-decadal variability with a period of 60—80 years in both the occurrence of extreme hot days and summer temperature
at Shanghai station, which is correlated with the Atlantic Multi-decadal Oscillation. These results can provide an
important scientific base for climate change adaptation and benefit the understanding of modern climatic warming in

China from a perspective of fine evolution of the seasonal cycle.
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Fig. 1 Time series of annual mean temperature calculated from the connected daily mean temperature data (black lines) at (a) Beijing and (b) Shanghai stations

and the comparisons with related data, including data from Yan et al. (2001) (green lines, with an adjust in the lower figure), Li et al. (2015) (a) and Cao et al.

(2016) (b) (red lines), and Cao et al. (2013) (blue lines, with an adjust in the lower figure)
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Fig. 3 Linear trends (dashed lines) in the timing (solid lines) of the Solar Terms in the seasonal warming period (left panel) and the seasonal cooling period

(right panel) at (a, b) Beijing station during 1941-2016 and (c, d) Shanghai station during 1874—2016. There are years in which no intersects with the

thresholds are found for three timings, including Rain Water, Limit of Heat, and Great Snow [see the Table 1 in Qian et al. (2016) for the explanations] in Fig.

3¢ and Fig. 3d. They are considered as missing values
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Fig. 4 Time series (blue solid lines) of the occurrence of extreme cold day (left column) and extreme hot day (right column) at (a, b) Beijing station for the

period 1941-2016 and (c, d) Shanghai station for the period 1874—2016, and their corresponding linear trends (dashed lines), EEMD trends (black lines) and

low-frequency variations with a period equal to or longer than multi-decadal timescale calculated from EEMD filter (red lines and only Shanghai is analyzed)
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Fig. 5 Relationships between the occurrence of extreme cold days and winter temperature (left column) or between the occurrence of extreme hot days and

summer temperature (right column) at Beijing station for the period 1941-2016 (upper) and Shanghai station for the period 1874—2016 (lower)
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