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Abstract

Based on the NECP/NCAR reanalysis data of monthly mean geopotential height field, wind field
and vertical velocity field from 1981 to 2019, this paper analyzes the reasons for the anomalous
southward location of rain belts in China in the summer of 2019. It is found that the southward lo-
cation of the rain belt is closely related to the anomalous southward location and strong planetary
front. There are two main reasons for the anomalous southward position of the planetary front
zone. First, the anomalous strong high pressure ridge near Lake Baikal, the strong northwest air
flow in front of the high pressure ridge, and the strong cold air mass force pushed the planetary
front zone to the south of the Yangtze River. Second, the position of the western Pacific subtropical
high on the south side of the planetary front zone is southward, which results in the abnormally
weak summer monsoon and relatively weak warm air. The southward location of the subtropical
high is related to the next year of El Nifio event in the Pacific Ocean and the positive phase of In-
dian Ocean Dipole. According to the thermal wind principle, the planetary front corresponds to
the convective upward movement caused by the strong divergence on the south side of the
high-altitude westerly jet. It is found that the summer precipitation over the south of the Yangtze
River in 2019 is mainly caused by the frontal uplift. The weak transport of warm and moist air in
the middle and lower troposphere on the south side of the upper jet due to the weak summer wind
may be the reason why the convective precipitation is relatively weak.
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Figure 1. Percentage of Precipitation Anomaly in Summer of 2019 (unit: %)
(quoted by the National Climate Center)
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Figgre 2. Distribution of (a) 850-hPa and (b) 500-hPa vertical velocity anomalies in summer of 2019 (unit:
10°° Pa/s)
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Figure 3. The distribution of (a) 200-hPa and (b) 850-hPa vorticity in summer of 2019 (unit: s™)
& 3.2019 FEZ;RERE: (a) 200 hPa; (b) 850 hPa (BAfI: sY)
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Figure 4. The divergence of (a) 200 hPa and (b) 850 hPa in summer of 2019 ( unit: 5%
4.2019 FEZHIEE: (a) 200 hPa; (b) 850 hPa(#fi: s
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Figure 5. Vertical integration of water vapor flux (vector, unit: kg-m™2.s7%)
and divergence (shaded, unit: 107 kg-m?-s™*) from 1000 hPa to 500 hPa in
summer of 2019
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Figure 6. The distribution of (a) 200-hPa, (b) 500-hPa and (c) 850-hPa wind anomalies in summer of 2019 (unit: m/s)
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Figure 7. The distribution of 500-hPa geopotential height (contours) and
its anomalies (shading) in summer of 2019 (units: dagpm)
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Figure 8. The distribution of 500-hPa geopotential height in the 3rd pentad of June and the 6th pentad of
August, 2019 (units: dagpm)
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Figure 9. The variations of the intensity of the western Pacific subtropical high in 2019
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Figure 10. Monthly north-south excursion of the western Pacific subtropical ridge in 2019
(Positive: northward; Negative: southward)
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Figure 11. 3-month moving average of SST anomaly in Nifio 3.4 area from 2018 to 2019 (Nifio 3.4 index)
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