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Abstract

This paper uses Micaps4.8 conventional observation data, automatic station data from Tianjin Me-
teorological Bureau, and various types of radar detection data to conduct a diagnostic analysis of
the synoptic situation and physical parameters of a warm-sector convection event triggered by a
gust front in Tianjin on June 18, 2025. It also discusses the triggering mechanism of the event and
approaches to improve early warning effectiveness in the future. The results show that: (1) This
event occurred under the large-scale background of the bottom of an upper-level cold vortex trough
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and low-level southwest warm and humid airflows; the upper dry-cold and lower warm-humid
stratification provided the basic conditions for severe convection. (2) Substantial convective available
potential energy (CAPE) and the temperature difference between 850 hPa and 500 hPa supplied the
environmental conditions of stratification instability; favorable low-level water vapor also pro-
vided the moisture conditions for short-duration heavy precipitation. (3) The gust front formed by
the interaction between strong divergent airflows within the thunderstorm high and ambient air
had a strong lifting and triggering capacity; as a low-level atmospheric phenomenon, the gust front
needs to be identified using radar data at low elevation angles. (4) The passage of the gust front was
accompanied by drastic changes in meteorological elements, during which it is necessary to
strengthen weather monitoring and provide quality services related to wind direction shifts.
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Figure 1. (a) 3-hour accumulated precipitation from meteorological bureau automatic stations (¥ for the airport location), (b)
national radar composite image at 15:30 on June 18
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Figure 2. The circulation situation of 08:00 on June 18: (a) 500 hPa, (b) 700 hPa, (c) 850 hPa, (d) surface at 14:00
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Figure 3. June 18, 08:00 (corrected) sounding of Beijing Station
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Figure 4. June 18 14:00 sounding of Beijing Station
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Figure 5. Vertical cross-section of relative humidity at Dongli Station
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Figure 6. 0.5 degree elevation reflectivity factor graph of Doppler weather radar at Tianjin Airport on June 18: (a) 14:20, (b)
15:08, (c) 15:48, (d) 16:02
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Figure 8. 0.5 degree radial velocity at 14:30 on June 18
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Figure 9. Surface divergence field at 15:00 on June 18 (5% for the airport location)
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Figure 10. 0.5° degree dual polarization radar on June 18: Differential Reflectivity (Zpr) at (a) 15:53, (b) 16:03; Correlation
Coefficient (CC) at (c) 15:53, (d) 16:03; Specific Differential Phase (Kpp) at (e) 15:53, (f) 16:03
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Figure 11. 14:20 on 18 June: (a) surface temperature, dew point, and 2-minute mean wind direction and speed, (b) 1-hour
surface temperature change, (c) 10-minute maximum surface wind direction and speed (¥ for the airport location)
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Figure 12. Evolution of meteorological elements at the automatic station of Binhai Airport Logistics Zone during Gust
Front Passage on June 18
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Figure 14. 0.5 degree elevation reflectivity factor graph on May 30, 2024: (a) 15:46, (b) 16:06
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