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Abstract: In order to help weather forecasters understand the physical mechanisms concealed among obser-
vational phenomena and scientifically improve their warning skills, from the operational point of view on
weather forecasting and warning, this paper emphatically discusses the scientific relationships between the
mechanisms triggering linear convective gales and the structure evolution, thermodynamic and dynamic
processes of convective storms and the cloud-water macrophysical processes, and also explains their “domi-
nant characters” in the contemporary operational observation system. Besides, some scientific problems
with different views or interpretations are discussed as well. The major results are as follows. The surface
linear gales incurred by convective storms are directly derived from the internal vertical movement of

storms, while major compositions of the vertical velocity are contributed by the cold pool forcing and the
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downward vertical gradient of the disturbed pressure for thermodynamic effect. The thermodynamic effect
and cold pool effect are directly related to cloud-water macrophysical processes within storms, such as
evaporation (condensation), melting (sublimation), and their evolutions can be demonstrated by a series
of observed phenomena, such as weak echo slot, descending rear inflow jet, MARC (mid-altitude radial
convergence) , mesocyclone, gust front and the acute variations of meteorological elements on surface. The
pattern variations of linear convective storms are induced by the inner dynamic processes of storm systems
or by the interaction between storm systems and ambient atmosphere. It can not be definitely considered
that all linear convective storms should develop into squall lines with bow echoes. The RKW theory can es-
sentially interpret the interaction between the integrated squall line and the vertical shear of ambient wind.
Virtually, the ambient wind performs the principal function of leading the movement and propagation of
squall line, and the development or maintenance of squall line is possibly controlled by its inner thermody-
namic and dynamic processes.

Key words: convective storm, structure feature, storm dynamics, linear convective gale, RKW theory
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Fig. 1 (a) Radar radial velocity of a typical downburst observed at 0.

5% elevation (adapted from

Markowski and Richardson, 2010; the yellow arrow represents the ambient wind direction, and

red star corresponds to downdraft center; A, B indicate the maximum positive and minimum

negative radial velocities, separately), and (b) surface extreme gale within the current hour

corresponding to a squall line and radar reflectivity at 1. 5°

elevation on 6 June 2016

(adapted from Guo and Sun, 2019; the pink circle represents surface inflow wind

and the brown circle refers to the extreme gale within an hour)
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Fig. 2 Vertical cross-section of radar reflectivity
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dual-Doppler radar at 15:03 BT 30 June 2016
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Fig. 3 Time series of temperature (red line), pressure (black line), maximum

wind direction (wind barb) and speed (blue line) at Rudong Station of
Jiangsu Province from 19:00 BT to 23.:00 BT 30 April 2021
(cited from Wu et al, 2022)
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Fig. 4 (a) The descending rear inflow jet from radar radial velocity (cited from Liang et al, 2016),

and (b) vertical cross-section of dynamic structure in a typical squall line (adapted from Houze, 1989)
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(a) The vortex line structure inside a supercell storm and mesocyclone

(cited from Markowski et al, 2008), and (b) time series of mesocyclone diameter

(column) , bottom height (dashed line), top height (dotted line) and shear (solid line)

during a supercell downburst on 30 April 2021 (cited from Wu et al,

2022)
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(adapted from Fujita, 1981) and (b) the dynamic structure of a mature squall line

(Black spots represent positions of downburst events)
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