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Abstract: In this paper, RMAPS-ST prediction results, Doppler weather radar data, surface dense auto-
matic station data were used to analyze a localized sudden short-term meso-y scale rainstorm which oc-

curred in Tianjin on 22 July 2018. Results show that the rainstorm was a local heavy precipitation process
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caused by an isolated urban storm which occurred within the control range of 500 hPa subtropical high. It
featured a small range (less than 20 km), a short life circle (1—2 h), severe precipitation intensity (62. 4
mm * h™') and complex mesoscale boundary layer environment. The rainstorm happened when the bound-
ary of the cold pool of the upstream precipitation system was still far from the urban area of Tianjin, and it
was induced by the combined action of the urban heat island, the weak cold air ahead of the outflow of the
upstream cold pool, the systematic northeast wind, and the mesoscale sea breeze which gradually formed in
the afternoon. The result of the underlying surface horizontal thermal difference and the corresponding
surface energy balance contributed to the formation of significant heat island effect in downtown Tianjin
with 2—4°C heat island intensity, and consequently, the formation and development of the urban heat is-
land warm low pressure accompanied by the heat island effect led to the formation of a mesoscale conver-
gence center in the downtown. Moreover, the pressure gradient between the mesoscale high pressure gen-
erated by the upstream precipitation (upstream precipitation area) and the warm low pressure in downtown
Tianjin (downstream non-precipitation area) resulted in a northern wind branch, which surpassed the out-
flow boundary of the cold pool and reached the urban area of Tianjin in advance. This weak cold air in the
boundary layer combined with the systematic northeast wind and sea breeze, and converged towards the
urban area under the effect of the urban island warm low pressure, which further enhanced the intensity
and maintenance time of the urban convergence center. Two asymmetric mesoscale secondary circulations
were formed along the vertical direction of the urban area in zonal and meridional directions with ascending
branch located in the downtown area of Tianjin. The local heat accumulation accompanied by the heat is-
land effect and the water vapor concentration caused by eastbound migration of mesoscale frontal area,
jointly caused the development of local high humidity and energy region in downtown and the increment of
vertical instability, which provided favorable mesoscale environmental conditions for the occurrence of the
short-time local rainstorm.

Key words: meso-7y scale short-time rainstorm, urban heat island, cold pool, sea breeze, mesoscale conver-

gence center
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Fig. 1 Distribution of accumulated precipitation from surface dense automatic stations (a), 5 min

precipitation at three heavy rain stations (b) from 12:00 BT to 14.:00 BT 22 July 2018
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Fig. 2 Mesoscale analysis figure of North China (a), Beijing radiosonde figure (b)
at 08:00 BT 22 July 2018
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Fig. 5 The 2 m temperature field (a), sea level pressure field (b) at 11:00 BT; wind field (barb) at 10:00 BT (c¢)
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(Black circle in Fig. 5a is urban area of Tianjing; black circle in Fig. 5b is warm low pressure of city island;

red circles in Figs. 5¢ and 5d are mesoscale convergence centers, respectively;

in Fig. 5d, blue circle is weak northwesterly and green circle is mesoscale sea wind)
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Fig. 6 Distribution of hourly precipitation at 10:00 BT (a), 11:00 BT (b), 12:00 BT (c);
2 m temperature (colored) and 10 m wind field at 08:00 BT (d), 09:00 BT (e);
sea level pressure at 09:00 BT (f) 22 July 2018, simulated by RMAPS-ST

116.5 117 KR 117 5 #ETRIE g

38.5 39 39.5°N
RHHIX

& 7 RMAPS-ST #i4l 5 2018 4 7 F 22 H (a)09 BT 39°N B4 i K (R £k »w ¥ K 10 f5 )5 A 9F) R E
() 3 B30T . (b) 10 IHHY 117, 24°E (@ m RGR 4R . w §7 K 10 £ )5 & 3F) VI8 B G 60 38 77 3510 i
I Ta b2 (2 10 ) B4R AT M A s 1 D 8 2k BE R T T 4 T L U R B RV E R A L R RD

Fig. 7 Vertical cross sections of zonal wind (stream, wX10) and temperature (colored)

along 39°N at 09:00 BT (a), meridional wind (stream, w>10) and temperature (colored) along
117. 24°E at 10:00 BT (b) on 22 July 2018, simulated by RMAPS-ST

(Red circle in Fig. 7a is sinking divergent flow; the urban and marine areas are outlined in black

and blue segments along the abscissa, respectively, the same as below)
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Fig. 8 Distributions of surface sensible heat flux (a), latent heat flux (b) and 2 m temperature

at 09:00 BT and point taking methods of the calculation of urban heat island intensity

(c; O represents urban area and E,W,S, N represent the directions of east, west, south and north, respectively) ;

as well as evolution of urban heat island intensity (d) from 05:00 BT
to 10:00 BT 22 July 2018, simulated by RMAPS-ST
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Fig. 9 Distribution of 2 m specific humidity (colored) and convection effective potential energy

(contour, unit; J « kg ') at 09:00 BT (a) and 10:00 BT (b) 22 July 2018, simulated by RMAPS-ST

(Blue rectangle represents the urban area of Tianjin)
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Fig. 10  Distribution of water vapor flux (arrows: direction, colored: size, unit; g+ s '« hPa ' « cm ') at the forth

model level (about 350 m) (a, b); latitudinal vertical profiles of specific humidity (colored, unit; g« kg ')
and hydrometeor in cloud (contours, unit: g « kg ') (c, d); pseudo-equivalent potential temperature
(colored and contour, unit; ‘C) (e, f) along 39°N at 09:00 BT (a, c, e) and 10:00 BT (b, d, )

(Red rectangle represents urban area in Figs. 10a, 10b)
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