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Abstract The multi-scale physical model for persistent heavy rainfall events (PHREs) in the Yangtze—Huaihe River
Valley (YHRV), the energy conversion between systems of various scales, and the effects of eastward propagating
convection systems from the eastern edge of Tibetan Plateau (TP) on precipitation in regions downstream have been

summarized in this paper. To reveal the mechanisms sustaining the quasi-stable middle-latitude troughs and ridges over
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Eurasia, we analyze the energy dispersion of Rossby waves. The sources of the cold and warm air and their main transport
paths are also discussed. The multi-scale physical model for PHRESs in the YHRYV is proposed. Quantitative calculation of
energy conversion between systems of different scales show that the large-scale background circulation is the main energy
source maintaining the sub-synoptic and/or mesoscale systems that directly induce heavy precipitation. Energy is
transferred from the background circulation to the precipitation-related smaller-scale system through the downscaled
energy cascade process of kinetic energy, which maximizes in the lower troposphere. The eastward propagation of
convective systems from the eastern edge of the TP to the eastern coastal region is primarily attributed to a series of
convective activities associated with several systems from west to east, including the mountain-plain solenoid between the
Tibetan Plateau and Sichuan Basin, the southwest vortex, the mountain-plain solenoid between the second-step terrain and
the eastern plains, the mesoscale vortexes, and convective systems to the east of the second-step terrain. In addition to the
factors summarized in this paper, the PHREs in YHRV are also affected by many other factors, such as the Rossby wave
sources associated with the multi-scale interaction, the effects of Rossby waves on synoptic systems, and the energy
feedback of the mesoscale systems on their large-scale background circulations. These factors will be investigated further

42 %4
Vol. 42

in the future.
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Fig. 2 Composite maps of geopotential height (black contours, units: gpm) and standard deviation (shadings) at 200 hPa corresponding to PHREs (Persistent

Heavy Rainfall Events) in (a) the southern portion and (b) the northern portion of YHRV. Pink dashed box indicates the YHRV. Blue dashed lines denote the

climatological mean of South Asia high. Green solid lines indicate the upper level jet (wind speeds =25 ms™') at 200 hPa. Dots and orange arrows areas show

height and wind anomalies respectively significant at the 95% confidence level based on the t-test
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Fig. 6 Main energy paths in different levels for PHREs in the southern portion of YHRV (left column; TL_A, UL_A, ML_A and LL_A mean the energy paths
integrated over all levels, upper levels, middle levels and lower levels, respectively) and PHREs in the northern portion of YHRV (right column; TL_B, UL_B,
ML B and LL_B mean the energy paths integrated over all levels, upper levels, middle levels and lower levels, respectively). Ay, A; and Ar are the time-average,
interaction and perturbation APE; Ky, K; and Ky are the time-average, interaction and perturbation KE. GAy and GAr are the diabatic generation or extinction of Ay
and Ar. DKy denotes the dissipation of Ky;. B(X) is the three-dimensional transport associated with energy ‘X’. R(Ay) represents the vertical transport of heat. BCEC

is baroclinic energy conversion; DNEC means the downscaled energy cascade and UPEC is the upscaled energy cascade. Cited from Zhang et al. (2017b)
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Fig. 7 The schematic illustration of PHRES in the northern portion of YHRV (type B) and in the southern portion of YHRV (type A), where KE is the kinetic
energy, APE is the available potential energy, BCE is the baroclinic energy conversion (plus/minus signs represent release/production of APE), UPECP is the
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Fig. 8 Schematic illustration of interaction between the YHRV vortex and its background circulation during the developing stage, where the black open curved
arrows show the stream field of the background circulation, the red dashed lines are the temperature, the green ellipse with blue wind barbs shows the vortex, KE is

the kinetic energy, APE is the available potential energy, UPECP is the upscaled energy cascade process, and DNECP is the downscaled energy cascade process
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