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Abstract Numerical experiments were conducted on a squall line occurring on June 3—4, 2009, in Henan, Anhui, and
Jiangsu provinces, China, that produced high winds and hail. The impact of moisture on the entire air column and that of
its vertical distribution on the intensity, development process, and morphology of mesoscale convective systems (MCSs)
were investigated. Analysis revealed that the amount of moisture and its vertical distribution had a significant effect on the
strength of the downdraft and cold pool, which thus affected the morphology, duration, and strength of convection. The
experiments on the entire air column demonstrated that the intensity of MCSs increased with moisture and that the
strengths of the cold pool and the thunderstorm high increased, which led to higher winds. Conversely, the intensities of
MCSs, cold pool, and surface winds decreased with moisture. Additional moisture led to a stronger cold pool, which
caused the maximum winds to strengthen at the developmental stages of the MCSs. However, the cold pool and rear

inflow jet weakened more rapidly, which was unfavorable for high wind development and maintenance at mature stages.
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Precipitable water in entire air column remained unchanged. Linear MCSs and high winds tended to occur in

environments of mid-level drier air and low-level moister air that favored the development of stronger thunderstorm highs

and discouraged the persistence of MCSs.

Keywords Squall line, Numerical simulation, Cold pool, Thunderstorm high, Surface damage wind
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Fig. 1 The variation of radar echo related to the squall line every hour and the location of high wind in every three hours on 3—4 June, 2009 [cited from Liang

and Sun (2012)]. The numbers indicate local time. Two barbs at single station represent high wind occurring at two observational times
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Table 1 The configuration of moist experiments
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Fig.2 The configuration of domains. The dashed rectangle represents the
domain of moist experiments, and the heavy solid rectangle represents the
influencing area of the squall line. The shadings represent composited

radar reflectivity at 0700 UTC 3 June 2009 in control experiment
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Fig. 3 The characteristics of soundings of different experiments averaged
over the influencing area of the squall line (the heavy solid rectangle in
Fig.2). The black solid line represents the temperature profile of different
experiments, and the other lines represent dewpoint profiles (the black
dashed line represents CTRL experiment, the red solid line represents
MA90 experiment, the light red solid line represents MA110 experiment,
and the blue dashed line represents MA 120 experiment)
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Table 2 The characteristics of convective systems in the different experiments
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Fig. 4 The evolutions of (a) the max wind speed at 10 m above ground (units: m s '), (b) the maximum pressure of thunderstorm high (units: hPa) in different

experiments
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Table 3 The evolution stages of convective systems in the

different experiments
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hPa interval) at 1 km above ground at representative time in formation, development, mature, and decay stages in CTRL, MA90, MA110, and MA120 experiments
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