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Horizontal Convective Rolls
METR 4433, Mesoscale Meteorology
Spring 2006
Definition and Characteristics: Counter-rotating horizontal vortices within the
planetary boundary-layer that arise from a combination of shearing instability and
daytime heating.
•
•
•
•
•

The ascending and descending branches provide an efficient means of vertically
transporting thermal energy, moisture and momentum across the convective
boundary-layer.
The rolls tend to align themselves with the vertical shear vector (so-called
longitudinal mode)
Between the rolls, either upward or downward motion is forced, depending on the
location. Air lifted by the roll updrafts can saturate, forming a regular
arrangement of "cloud streets" aligned along the rolls.
Wavelength thought to be dependent upon PBL depth – ratios of 2.5 to 3.0
common.
Roll axis can be up to 30 degrees different from geostrophic wind or shear vector.
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Visual Structure on Satellite and Radar
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Thermodynamic Variability Caused by HCRs
Because HCRs have ascending and descending branches, they can locally destabilize a
region of the atmosphere and lead to rapid horizontal variations in temperature and
moisture (i.e., CAPE).
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Dynamics of HCRs
HCRs represent an instability in the atmosphere resulting from the combined effects of
vertical shear and surface heating. The relative importance of these factors can be
examined by looking at the turbulent kinetic energy budget from classical boundary-layer
theory:
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Aircraft and other observations have been used to evaluate these terms and the following
general conclusions can be made:
•
•
•
•
•
•

A minimum wind speed of about 5.5 m/s is needed throughout the depth of the
PBL for rolls to exist.
Rolls tend to be aligned with the ambient wind.
Directional shear is not required for rolls to exist.
Low-level shear is most important in comparison to shear throughout the depth of
the PBL.
Rolls are the preferred convective mode (as opposed to more unorganized
convection) when a critical surface heat flux has been achieved.
The average ratio between roll wavelength and PBL depth is between 2.5 and 5.

Interaction Between HCRs and the Sea Breeze
Because HCRs and the sea breeze both represent regions of locally enhanced lifting and
convergence, their interaction can lead to convective initiation.
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It is clear from the figure above that enhanced sea breeze front cloudiness can occur
where the HCR updraft intersects the sea breeze front for at least two reasons: (1) the
extra lifting provided by the HCR updraft itself; and (2) the enhanced convective
instability in the air within the roll updrafts. Recall that the roll circulations cause
variations in CAPE across the rolls, principally because the roll updrafts lift moisture
from the lowest-levels. This makes air traveling along the roll updrafts more unstable and
prone to convective instability, leading to enhanced frontal cumuli at the roll updraft
intersection locales.
Note the absence of cloudiness at the downdraft intersection points. The spatial
variability of lifting and cloudiness along the sea breeze front appears to be as much due
to the influence of roll downdraft suppression as roll updraft enhancement. Once they
develop, frontal cumuli establish subsidence on their flanks, and this coincides with the
roll downdraft intersection points. Thus, there seems to be a positive convective feedback
owing to cloud-scale circulations that maintains the along-frontal variability once that
variability has been established. This occurs as long as the rolls are strong enough to
create that variability.
Detailed Stages of Interaction and Convective Initiation
The figure below spans the early stage from a numerical simulation. It depicts fields that
have been averaged along the coastline (which actually resides at x = 45 km, well beyond
the left edge of the sub-domain displayed.) Vertical velocity is shown (dashed contours
represent descent), along with cloud water contours (in red) and the cool marine air
boundary (in blue). The leading edge of the latter is the sea breeze front.
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The figure below depicts the intermediate stage which encompasses the most dramatic
SBF-HCR encounter. Note the roll located above x = 120 continues to intensify,
spawning a deep and strong convective cloud above it. Note also that as the SBF
approaches this strengthening roll, its own cloud is suppressed. The circulation associated
with the roll updraft, its cloud, and the downdraft that had appeared in between,
combined to push less favorable dry midtropospheric air into airstream that was flowing
above the sea breeze front, and this choked off the sea breeze front cloud. By the last time
shown, there is virtually no cloud remaining right above the sea breeze front.
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The final stage is shown below. As the sea breeze front continues to close in on the evergrowing roll, several interesting things happen. First, the sea breeze front propagation
speed increases. With the absence of condensation warming above the front, the pressure
difference across the front increases, leading to faster movement. Second, the frontal
updraft strengthens, a logical consequence of the faster propagation. This updraft
intensification leads to the regeneration of convection directly above the front, and this
convection is now deep and strong rather than shallow. By the time of the bottom panel
there are two strong updrafts -- separately spawned by the sea breeze front and HCR -hidden within a single cloud shield. The regenerated convection is so strong, releasing so
much condensation warming, that the sea breeze front propagation speed slows
dramatically around this time. Indeed, the frontal boundary in contact with the surface
actually retrogrades during the last few time periods depicted in the figure.
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HCR Interaction with Other Local Circulations
The complex physiography in the vicinity of Cape Canaveral makes forecasting weather
for Space Shuttle launches a notable challenge. Local land-water contrasts can lead to
highly complex circulations that, under the proper circumstances can initiate convection.

This region was simulated with the OU ARPS model at very fine grid spacing (down to
100 m) with the domains shown below. The Indian River Breeze, KH instability, and
HCRs all interacted to produce regions of enhanced upward motion and vertical vorticity.
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HCRs and the May 3rd Tornado Outbreak
It has been proposed that the first tornadic storms in the May 3, 1999 outbreak were
initiated by a horizontal convective roll. Shown below is the base reflectivity from the
WSR-88D radar at Frederick, OK (KFDR). The reflectivity band appeared to be
confined to the PBL. It was not apparent in KFDR imagery above approximately 1370 m
(4500 ft) AGL. This height, corresponded well with the top of the PBL as determined
from modified soundings. The possible HCR was not observed by radars farther away at
Oklahoma City and Fort Worth, whose beams scanned above the PBL. Also, the HCR’s
reflectivity pattern disappeared farther north and south as the .5 and 1.5 elevation KFDR
beams scanned above the CBL.
Although the reflectivity band was quasi-stationary throughout its appearance in KFDR
imagery, small waves formed and moved northward along its axis. As a few of these
waves forced the reflectivity axis across the Oklahoma Mesonet site in eastern Tillman
County, the wind direction veered from south-southeast to south-southwest with little
speed change, before backing again behind the wave crests.

For further information, see http://www.spc.noaa.gov/publications/edwards/hcr3may.htm
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