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Abstract To study the mesoscale characteristics and causes of extreme short-time heavy rainfall

at night in Tianjin, by using encrypted automatic station data, min precipitation data, Doppler weather
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Radar data, wind profile data and the 5th generation global Atmospheric Reanalysis product (ERAS) of
the European Center for Medium-Range Weather Forecasts, an extreme short-time heavy precipitation
occurred in Tianjin in the early morning of July 3, 2022 was diagnosed and analyzed. The results show
that: There was no significant low-value weather system at 500 hPa and no synoptic low-level jet
background at the lower level. It was a rainstorm process mainly caused by small and medium scale
forcing under atypical circulation situation, with obvious local, sudden and extreme characteristics. The
meso-P scale convective system that caused precipitation was presented in the form of a well-organized
multi-cell storm, which was formed by the merger of scattered echo organizations, and its radar echo
had a high centroid, showing the characteristics of continental strong convective echo. The
enhancement of the 975hPa warm shear line in the boundary layer cooperated with the mesoscale
convergence line on the ground, and synergizing with enhanced instability cauSed by“mid-level dry
cold air intrusion, which were the main reason for the triggering of the initial convection. The cold"pool
formed after precipitation formed a clear and irregular outflow boundary with the ambient wind, and
the forcing action of the bottom cold pool led to the formation and dévelopment of y-mesoscale vortex
in front of the outflow boundary. The ageostrophic wind rotation catsed’by. thetinertial oscillation of
the boundary layer at night and the gradually formed inversion stratification made the warm and moist
air from the southeast from the sea continuously strengthen into the boundary layer jet, and then caused
the vertical wind shear of 0-2.5km to increase correspondingly. The interaction between the low-level
wind shear and the gradually enhanced cold pool reached a‘temporary equilibrium. Resultly, the vortex
in front of the outflow boundary continueto stfengthened and developed from the bottom to up, and the
strong dynamic convergence accompanyingthe vortex directly leaded to the rapid growth of
minute-level rain intensity and lasted for several minutes, which finally leaded to the emergence of
extreme short-term_heavy precipitation. The results provide a reference basis for predicting local
short-time heavy precipitation at night<and exploring its occurrence and development mechanism in
North China!

Key words extremely short-term heavy rainfall, boundary layer jet, convection cold pool, vertical

wind shear, 7y -mesescale vortex
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Fig.2 ERAS reanalysis field at 04:00 BT on 3 July 2022
(a) 500hPa geopotential height (isoline, unit: geopotential ten meters), wind field (wind pole) and vorticity
advection (coloring, unit: mes™);
(b) 850hPa wind field (wind pole), equivalent potential temperature (shaded, unit: K) and vertical velocity
(isoline, unit 10-1mes™);
(c) Sea level pressure field (black isoline, unit: hPa), 2m temperature field (colored isoline, unit: ‘C)iand dew
point temperature (filling, unit: ‘C);

(d) Model radiosonde map
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(b) 04:30, (c) 04:48, (d) 05:00, (e) 05:12, (f) 05:24

, 05;36, (h) 06:0
Fig.3 Evolution of combined reflectance (unit: dBz) of SA Doppler weather radar ( from the rainstorm area)
e

in Tanggu on 3 July 2022
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East-west vertical profile of pseudo equivalent potential temperature, vertical velocity (expanded by a factor of 10)
and wind field (wind pole) along the heavy precipitation center(38.95° N) at 03:00 and 04:00 BT on 3 July 2022
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Fig. 6 Distribution characteristics of flow field (stream line), vorticity field (contour line, unit: 10%s™) and thermal
buoyancy B (colored, unit: m « s2) of the ground encrypted automatic station around the heavy precipitation center
(" + ") by 10 minutes during 04:30-05:20 BT on 3 July 2022
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Fig.13 (a) Non-geostrophic wind vector of 975hPa at different times (red: 02:00 BT, green : 03:00 BT, blue :04:00

BT)onJuly2, (b) vertical profile of boundary layer temperature at different times between 18:00 BT on July 2

and 07:00 BT on 3 July 2023 at precipitation center calculated by using ERAS data
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Fig. 14 Physical conceptual model of extreme shart<time heavy precipitation at night in Tianjin on 3 July 2022
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