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Abstract  Although potential vorticity is a common and useful physical quantity for meteorological analysis, it is a
little weak in deep convective systems due to the apparent slant of moist isentropic surfaces. Therefore, convective
vorticity vector (CVV) introduced by Gao et al. (2004) is used to study deep convective system. By using CVV, a
heavy rainfall event that occurred in North China is investigated in this paper. The result shows that the vertical
component of the CVV is a good indicator for convective rainstorm in the mid-latitudes and its high value region is
highly correlated with cloud hydrometeors and rainfall. The rainstorm is located in the region where the vertical
component of the CVV is large and to the north of its large gradient. The vertical component of the CVV is a cloud-
linked parameter. Analysis of domain-averaged and mass-integrated quantities shows that the linear correlation coef-
ficient between the vertical component of the CVV and the sum of mixing ratio of cloud hydrometeors is 0. 92, which
is larger than that between the moist potential vorticity and the sum of mixing ratio of cloud hydrometeors. The line-
ar correlation coefficient between the vertical component of the CVV and precipitation rate is 0. 71. The vertical

component of the CVV represents the interaction between horizontal vorticity and horizontal equivalent potential
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temperature gradient, which can associate dynamic and thermodynamic processes with cloud microphysical proces-

ses. Thus it can help to understand the mechanism of convection development caused by the interaction between the

circulation and clouds. Therefore, it can better trace the development and evolution of rainstorm systems.
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Fig. 6 Distributions of the simulated (a, ¢) vertical component of the convective vorticity vector (CVV) (10" "m? -+ s~ !+ K- kg™ ') and (b,

d) sum of the cloud hydrometeors mixing ratios (10~ 'g/kg) at 850 hPa at (a, b) 1200 LST and (c, d) 1900 LST 12 Aug
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Fig. 7 Latitude - height cross sections of the simulated vertical component of the CVV (solid line, units: 1077 m? « s7! - K+ kg™!) and sum

of cloud hydrometeors mixing ratios (shaded, larger than 0.1 g/kg): (a) 1200 LST 12 Aug along 115. 5°E; (b) 1900 LST 12 Aug along

116°E. The straight lines below the figures denotes the rain areas
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Fig. 8 Simulated mass-integrated vertical component of the CVV (solid line, units: 107*K/s) and sum of the cloud hydrometeors mixing

ratios (shaded, larger than 0.1 kg/m?): (a) 1200 LST 12 Aug; (b) 1900 LST 12 Aug
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Fig. 9 Distributions of (a) the simulated mass-integrated vertical component of the CVV (107*K/s) and (b) the observed rainfall (mm)

from 2000 LLST 12 Aug to 0200 LLST 13 Aug
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Fig. 10 Time series of longitudinal cross-sections of the simulated (a) vertical component of the CVV (1077 m?

-s1-K-kg 1) and (b)

corresponding 1-h rainfall (mm) along 115. 5°E from 0800 LST 12 Aug to 0800 LST 13 Aug 2004
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Fig. 11 (a) Simulated time series of domain-mean and mass-integrated zonal component [C,] (1072K/s), meridional component [C, ]

(107 2K/s), vertical component [C.](10 *K/s) and the sum of the cloud hydrometeors mixing ratios [gs ] (10~ 'kg/m?); (b) simulated

time series of domain-mean precipitation rate (10 *kg-m=2 s~ 1)
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Table 1 The linear correlation coefficients between the com-
ponents of the CVV and cloud hydrometeors mixing ratios, be-
tween moist potential vorticity and cloud hydrometeors mixing
ratios, between the components of the CVV and precipitation

rate, between moist potential vorticity and precipitation rate
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