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Research) global reanalysis data, ground observation data, and automatic station precipitation data, this study analyzed
circulation anomalies such as winter monsoon circulation and the South Branch trough in rare continuous rain and
oligoscale weather in Zhejiang in the winter of 2018/2019. Moreover, the study investigated the causes of local circulation
anomalies from aspects such as westerly wind fluctuation and sea temperature forcing. The results showed that in the
winter of 2018/2019, the rainy days and sunshine hours surpassed the historical record, and the rainfall was significantly
above normal. The main circulation anomalies were the abnormal northerly western North Pacific anomalous anticyclone
(WNPAC). Meanwhile, the Aleutian low-pressure and the Siberian high-pressure systems were also northerly. There was
a strong southerly wind anomaly south of 40°N in East Asia, and the winter monsoon was weak. The southern branch
trough was stronger than the perennial, ensuring that there was a continuous water vapor and disturbance transport over
Zhejiang. In the middle layer of the troposphere, a wave energy propagated along Europe to East Asia and the western
Pacific. The wave energy spread southward to the south of 20°N in East Asia, which might lead to a significant north lift
of the WNPAC and the strengthening of the southern branch trough. The El Niflo—Southern Oscillation (ENSO) warm
phase caused abnormal convective cooling in the maritime continent, while the convection over Zhejiang strengthened,
and ENSO also had a significant effect on the activity intensity of the southern branch trough. The high sea surface
temperature in the offshore waters of China was an important factor for the WNPAC and the Aleutian Low to

significantly jump north. The abnormal circulation in the northern hemisphere in the winter of 2018/2019 might have been

caused by ENSO and China’s offshore sea temperature collaborative forcing.
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Fig. 1 (a) Anomalies of precipitation days (d), (b) precipitation anomaly percentage, (c) sunshine hours anomaly (h), and (d) daily area rainfall (mm)

in Zhejiang from 1 December 2018 to 9 March 2019
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Fig. 2 (a) 850-hPa vector wind (m/s) and (b) OLR (Outgoing Longwave Radiation) anomaly field (units: W/m?, the color-filled areas represent the
absolute value of OLR =2 W/mz) averaged from 1 December 2018 to 9 March 2019
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Fig. 5 The mean 500-hPa geopotential height (contours, units: gpm), geopotential height anomaly referring to multiyear average (coloring, units:

gpm), and wave activity flux (vectors, units: m s %) from 1 December 2018 to 9 March 2019
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