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The structure of deep moist convection can be influenced by various
factors, including wind shear, available potential energy of convection,
relative humidity, and vertical distribution of these variables. Among
these factors, wind shear plays a more significant role in the creation
of convection. The interaction between large-scale and synoptic-scale
processes, along with the adjustment of available potential energy for
convection and the presence of convection inhibitors, creates
conditions suitable for the development of convection. The large-scale
average reduces the convection inhibitor, while even small vertical
velocities, such as a few centimeters per second, can have a noticeable
impact on the environment's sounding. The presence of potential
instability is also considered an important factor in initiating deep
moist convection. When the temperature reaches the critical point and
the convection inhibitor is removed, moist deep convection begins. If
an air parcel rises above the lower stable layer with low relative
convective inhibition energy and high relative free convective potential
energy, it supports the development of deep moist convection. The
initiation of updrafts by warm air masses and the subsequent
development of convection depend on parameters like vertical wind
shear and the inversion cap of the environment, among others. Large-
scale convective systems can be triggered with less forcing due to the
significant uplift of the air mass from the surface to the convection
level along the front.
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Introduction

The initiation of deep moist convection (DMC), which will be referred to as convection
initiation, requires air parcels to reach their level of free convection (LFC) and remain
positively buoyant during a substantial vertical ascent. Therefore, convective available
potential energy (CAPE) is a necessary, though not sufficient, condition for convection
initiation. Failures in warm season weather forecasts often occur due to the inability to
anticipate the initiation of DMC or the incorrect forecasting of DMC that does not
materialize. Arguably, the skill in convection initiation forecasting has progressed at a slower
pace compared to our ability to anticipate convective storm type, organization, and
associated severe weather hazards. Convective storms can be initiated by orographic
circulations resulting from the heating of elevated or sloped terrain, as well as forced lifting
caused by ducted gravity waves. While the process of reaching the LFC is inherently a
mesoscale process, the large-scale environment plays a role by modifying the CAPE and
CIN, partly through changes in the lapse rate. It is worth noting that significant modifications
to the CAPE and CIN can occur even with modest or absent changes in the tropospheric
lapse rate. Although convection often initiates along easily identifiable air mass boundaries
in the presence of CAPE and low CIN, particularly when large-scale ascent is also present
(which reduces CIN as mentioned earlier), convection initiation forecasting is complicated
by various mesoscale processes.

Material and Methods

In this research, convection initiation has been examined based on library studies as well as
field research.

Results and Discussion

It seems likely that kinematic inhomogeneities along air mass boundaries play a role in
favoring some segments of a boundary over others. Small-scale (<4km diameter) vertical
vortices, sometimes called misocyclones, have also been identified in close proximity to
many growing cumulonimbi. Such vortices, which are naturally favored along wind shift
lines owing to the dynamical instability associated with the horizontal shear of the wind,
enhance convergence along some segments of an air mass boundary, usually between
vortices, while weakening convergence along other segments, usually within the cores of the
vortices. It seems plausible that thermodynamic inhomogeneities encountered by an air mass
boundary may favor or preclude convection initiation along select segments of the boundary.
The episodes of convection initiation 'failure’ that are probably least understood are when
parcels surpass their LFC yet still fail to develop into sustained, precipitating DMC. It is
difficult to know to what extent processes within the boundary layer versus above the
boundary layer contribute to this failure mode. DMC would commence when the convective
temperature is reached or when the CIN is eliminated. DMC is initiated despite nearby
soundings indicating that significant CIN remains. Convection initiation is not as simple as


http://dx.doi.org/10.61186/jgs.25.76.16
https://jgs.khu.ac.ir/article-1-4155-fa.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-13 ]

[ DOI: 10.61186/jgs.25.76.16 ]

Kharazmi University

GeographicaliSciences

PrintISSN: 2228-7736 Online ISSN: 2588-5138
https://jgs.khw.ac.ir/

[@] Journaliof/Applied|Researchesin

reaching the convective temperature or eliminating CIN, although reducing CIN is certainly
one aspect of creating an environment favorable for convection initiation. Even if parcels do
reach their LFC, they still must survive the effects of entrainment in a potentially hostile
environment above the LFC in order to develop DMC.

Conclusion

Convection is initiated when the Convective Inhibition (CIN) becomes smaller than the
Kkinetic energy of the boundary layer updraft, which acts as the forcing mechanism.
Convection initiation is a complex process that goes beyond reaching the convective
temperature. It involves various mesoscale and cloud-scale circulations that are typically
unresolved, mixing rates, humidity along ascending plumes, and the three-dimensional
structure of these plumes. Moisture convergence is closely related to horizontal velocity
convergence, which is linked to upward motion. Therefore, moisture convergence is
associated with the deepening of moisture in the boundary layer. This deepening of moisture
reduces the dilution of rising parcels as they ascend from the surface to the Lifted
Condensation Level (LCL) and Level of Free Convection (LFC). Consequently, regions with
locally deeper moisture may be more favorable for convection initiation compared to
surrounding areas. Local moisture maxima are generated by horizontal differences in the
vertical advection of water vapor. Surface-based convection necessitates the ability to lift the
air in contact with the surface to the LFC. In boundary layers with significant CIN, it might
not be possible for air parcels to be lifted to their LFC from the surface, if they even have an
LFC. Conversely, air parcels lifted from above a low-level stable layer may have relatively
little CIN and significant Convective Available Potential Energy (CAPE). These parcels can
support what is known as elevated Deep Moist Convection (DMC). A more appropriate term
for elevated DMC would be non-surface-based DMC, as the cloud base of elevated DMC
does not necessarily have to be high, despite the term "elevated" implying so. Elevated DMC
is generally believed to pose a lower risk of high wind events (e.g., tornadoes, damaging
straight-line winds) compared to surface-based DMC. The primary threats from elevated
DMC typically include large hail and flooding. Damaging surface winds are less likely in
elevated DMC because downdrafts have a harder time penetrating a stable low-level air
mass. In general, the most intense convection occurs in the surface-based layer because
lifting near-surface air tends to result in the highest possible temperature excesses (i.e.,
buoyancy) over the environment, given that this air typically has the highest equivalent
potential temperature (0¢). The boundary layer usually experiences the highest wind shear
due to the influence of surface drag on the low-level wind. Convective storms that do not tap
into the inflow from the boundary layer are unable to take advantage of the often significant
wind shear present there.
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