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Influence of Easterly Winds from West Coast of Bohai Sea

on Local Heavy Rainfall in Tianjin

WEI Yinghua' CHEN Hong' HE Qunying' LIN Xiaomeng' ZHANG Hui
1 Tianjin Meteorological Observatory, Tianjin 300074
2 Baodi Meteorological Office of Tianjin, Tianjin 301800

Abstract: Based on the high spatio-temporal resolution data of automatic weather stations, Doppler weather
radar and wind profiler radar, we analyzed the development of the mesoscale convective systems during the
heavy rainfall in Tianjin on 6 July 2017, and discussed the structural characteristics of easterly flow from
the Bohai Sea and its influence on the local heavy rainfall. The results are as follows: The local heavy rain-
fall was caused by two warm-zone mesoscale convective systems and a vortex shear line system. Among
them, the second mesoscale convective system in warm area dominated the formation of local heavy rain-
fall, and it was closely related to the easterly flow in the boundary layer. The easterly flow during this
heavy rainfall had warm and wet characteristics, which was conductive to the occurrence and development
of heavy rainstorms. At the same time, the wind speed from the Bohai Sea to the inland showed obviously

disturbance, leading to the convergence of water vapor in the boundary layer and the development of the
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ascending movement., Furthermore, the mesoscale disturbance of easterly flow below 0. 6 km played an im-
portant role in the triggering and maintaining mechanism of the heavy rainfall. Under the convergence sys-
tem caused by the wind speed disturbance, the updraft flow was forced, triggering the occurrence of the
meso-Yy-scale convection. On the other hand, the outflow of cold pool caused by the heavy rainfall and the
increasing easterly inflow interacted each other and formed the convergence, and the meso-scale convective
system was maintained stably, resulting in the strong precipitation echo above 40 dBz lasting nearly 3 h,
with an average precipitation of 6. 8 mm per 6 min. In addition, the change of rain intensity was closely re-
lated to the fluctuation of the easterly jet in the boundary layer. The establishment, development, weake-

ning and disappearance of the jet corresponded to the four phases of steep increasing, peak, weakening and

steep dropping of precipitation.

Key words: boundary layer, easterly wind, mesoscale convergence, cold pool, jet
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Fig.1 Accumulated precipitation (a)
and hourly rainfall (b) from 11.00 BT
6 to 05:00 BT 7 July 2017 (unit: mm)
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Fig. 2 Geopotential height (black contour, unit; dagpm) at 500 hPa, temperature advection
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sea level pressure (blue contour, unit: hPa)
at 14:00 BT 6 (a), 20:00 BT 6 (b), 02:00 BT 7 (¢) July 2017

(A indicates the center of local heavy rainfall)
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Fig. 4 (a) Time-height cross section of temperature (solid line, unit: C). specific humidity

(dashed line, unit: g+ kg '), and zonal wind speed (shaded area, unit; m + s~ ') at the

location of heavy rainfall (39.68°N, 117. 20°E) from 20:00 BT 5 to 08:00 BT 7 July 2017,

(b) longitude-height cross section of temperature (solid line, unit: C), specific humidity

(dashed line, unit; g+ kg” '), and zonal wind speed (shaded area, unit; m+ s ')
along 39. 7°N at 14:00 BT 6 July 2017

(A indicates the center of local heavy rainfall)
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Fig.5 (a) Distribution of wind field (unit: m « s*'), wind speed (solid line, unit; m« s '),
divergence (dashed line, unit: 1077 s~ ') at 975 hPa and terrain height (shaded area, unit; m),

(b) longitude-height cross section of vertical velocity (solid line, unit; Pa s '),

1 “2.g 1)

vapor flux divergence (dashed line, unit; 107" g« hPa ' * m
along 39.7°N at 14:00 BT 6 July 2017

(A indicates the center of local heavy rainfall)
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Fig. 7 Reflectivity (shaded area, unit: dBz) at 0.5° elevation detected by Doppler radar
in Tanggu from 17:00 BT to 21:00 BT 6 July 2017
(a) 17.00 BT, (b) 17.:12 BT, (¢) 17:24 BT, (d) 17:36 BT, (e) 17.48 BT, ({) 18.00 BT,
(g) 19:00 BT, (h) 20.00 BT, (i) 21.00 BT

(A and B indicate the residual echo of the first mesoscale convective process, C and D indicate

the newborn cells of the second mesoscale convective process)
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Fig.8 (a, b, ¢) Distribution of zonal wind speed (solid line, unit: m + s~ '), divergence (dashed line,

unit: 107" s7') and reflectivity (shaded area, unit; dBz) at 0.5° elevation,

(d, e, f) distribution of wind field (unit: m « s '), temperature (solid line, unit: ‘C) and

dew-point temperature (shaded area, unit: C) observed {from automatic weather stations

at 17.00 BT (a, d), 17:10 BT (b, e), and 17:30 BT (¢, ) 6 July 2017
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Fig. 9 Cross sections of horizontal wind speed (red contour, unit; m « s '), divergence (black contour,

unit; 107° s™') and vertical velocity (shaded area, unit: 10 > m« s ') of

VDRAS along the direction of southeast flow at 17:18 BT (a), 17:36 BT (b) 6 July 2017

(Aindicates the position of newborn convection)
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Fig. 11 Cross sections of horizontal wind speed (red contour, unit: m s '), divergence (shaded area,

unit:; 107° s7') and Vg —w (w amplified 50 times) of VDRAS along the direction
of southeast flow at 18:42 BT (a)., 20:24 BT (b) 6 July 2017
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