
153 INVESTIGATING THE VERTICAL STRUCTURE OF UPDRAFT HELICITY IN AN
IDEALIZED SUPERCELL SIMULATION

Jeffrey M. Milne1,2,3∗, Israel L. Jirak 3, and Harold E. Brooks4

1Cooperative Institute for Mesoscale Meteorological Studies
2University of Oklahoma, School of Meteorology

3NOAA/NWS/NCEP Storm Prediction Center
4NOAA/OAR National Severe Storms Laboratory

1. INTRODUCTION

As numerical weather prediction models have be-
come able to explicitly resolve convection, storm
attribute diagnostics have been developed to fore-
cast for severe weather. Updraft helicity (UH) is one
such parameter to identify rotating updrafts (Kain
et al. 2008). UH is defined as

UH =
∫ z2

z1

wζ dz (1)

where w is the vertical velocity and ζ is the ver-
tical vorticity, integrated over a vertical layer be-
tween z1 and z2. UH essentially reduces the three-
dimensional wind field to a single number. This
makes UH useful to forecasters, but at the poten-
tial cost of losing some information contained in the
three dimensional wind field.

The layer over which UH is calculated is com-
monly 2-5km AGL to diagnose mid-level rotation
and 0-3km to diagnose low-level rotation (Sobash
et al. 2011, 2016). The 2-5km AGL layer was cho-
sen “since the primary interest is on storm rota-
tion in the lower to middle troposphere” (Kain et al.
2008).

When used as a surrogate for severe storm re-
ports, 2-5km UH has shown utility in forecasting all
types of severe weather (tornadoes, strong winds,
and large hail; Sobash et al. 2011). Filtering 2-
5km UH using environmental parameters has also
shown utility in forecasting tornadoes (Gallo et al.
2016). Low level UH (0-3km) without environmental
information has also shown skill in forecasting tor-
nadoes (Sobash et al. 2016).

All current methods of calculating UH use a fixed
layer in the calculation, but Milne et al. (2018) found
that wζ often extends beyond the typical 2-5km (or
0-3km) AGL layer typically used in calculating UH.
There were also considerable variations in the ver-
tical distribution of wζ from storm to storm and from
day to day. Additionally, some simulated storms had
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Model Version v3.4.1
Grid spacing 3km
Vertical levels 41
Time step 12s
Boundary layer none
Microphysics WSM6

TABLE 1. WRF model configuration

areas of negative wζ within an updraft within the 2-
5km layer.

This study proposes a new method of calculat-
ing UH and discusses the differences between the
new proposed method and the current method in
two idealized cases.

2. DATA AND METHODS

2.1. Model details

An idealized 3-dimensional WRF simulation (con-
figuration summarized in Table 1) was performed to
demonstrate a new method of UH calculation. For
the supercell simulations, the domain was 105x105
grid squares, and the simulation ran for 5 hours. For
the squall line simulations, the domain was 210x210
grid squares, and the simulation ran for 10 hours.
The full 3-dimensional wind field was output every
5 minutes to allow for instantaneous calculations of
w and ζ every 5 minutes. The model-calculated
hourly maximum 2-5km UH was also output every
hour.

There were two soundings used, one to simulate
a supercell (Figure 1) and one to simulate a squall
line (Figure 2). The supercell sounding and hodo-
graph are the default found in WRF for simulating a
supercell. The squall line sounding is the same as
the supercell sounding, while the squall line hodo-
graph was based on Weisman and Klemp (1984).

2.2. New UH calculation

Milne et al. (2018) found that positive wζ existed
outside of the typical 2-5km layer used in the cal-
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FIG. 1. Sounding and hodograph used to generate
a simulated supercell.

FIG. 2. Sounding and hodograph used to generate
a simulated squall line.

culation of UH. A new calculation of UH was formu-
lated to scale with the storm and not include down-
drafts. Additionally, separate maximum and mini-
mum fields were desired since hourly minimum UH
can also be a useful forecasting parameter (Wendt
et al. 2016). Therefore, the new UH calculation inte-
grates from the surface to the lowest level of down-
ward w. The calculation is done separately for ζ > 0
(to create an hourly maximum field) and for ζ < 0 (to
create an hourly minimum field). In a mathematical
sense,

UHnew =
∫ zw<0

0
wζ dz. (2)

The height at which the calculation stops is also
output as part of the calculation and it may provide
additional utility in forecasting.

Calculation of the new UH was done in post-
processing and yielded instantaneous fields every
5 minutes. These fields were aggregated over
the entire simulation to create a simulation max-
imum. This was compared with the aggregated
hourly maximum UH field output by the model.

3. RESULTS

3.1. Supercell

The supercell simulation ran on a 105x105 grid
square (315kmx315km) domain for 5 hours. In that
period, a right-moving supercell forms and grows
upscale into a quasi-linear convective system. The
simulation ends as the storm leaves the domain.
A snapshot of the simulated reflectivity is shown in
Figure 3.

An analysis similar to Milne et al. (2018) was
done on the supercell simulation to confirm that the
vertical distribution of wζ was substantially similar
to what was seen in the earlier study. The time-
height cross section of wζ in the idealized supercell
(Figure 4) is similar to those found in Milne et al.
(2018). Namely, both positive and negative wζ ex-
ist throughout the atmospheric column. In fact, pos-
itive wζ is maximized above 5km.

The simulation maximum of new UH (Figure 6)
and current UH (Figure 5) show some key differ-
ences between the two calculations. In the new
calculation, there is a strong positive signature to
the left of the supercell’s motion. This feature is
only faintly visible on the current calculation. On
the simulated reflectivity field, this feature is visible
and initially appeared to be an anticyclonically rotat-
ing left-moving supercell. The new UH calculation,
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FIG. 3. Simulated reflectivity 1km above the
ground, 2.5 hours into the supercell simulation. The
supercell can be seen at the southern edge of the
reflectivity.

FIG. 4. Time-height cross section of wζ for the ide-
alized supercell, following Milne et al. (2018). Ar-
eas of positive wζ are shaded in red, while areas
of negative wζ are shaded in blue. Solid black con-
tours are upward vertical velocity every 5ms−1. The
gold contour is the line of w = 0. The green lines
highlight the 2-5km layer typically used to calculate
UH.

FIG. 5. Simulation maximum of UH as output by the
model.

suggests that the simulated storm is cyclonically ro-
tating, and ingests the outflow from the more domi-
nant right-moving supercell.

In the current UH calculation, the path of the right-
moving supercell is highlighted as a maximum in
UH. In the new UH calculation however, there is a
relative minimum along the same path. The simu-
lation minimum of the new UH calculation (Figure
7) is minimized in the same place as in Figure 6.
This suggests that the simulated supercell is initially
dominated by a cyclonically rotating updraft, which
then weakens. The storm is then dominated by an
anticyclonically rotating updraft, which again weak-
ens before a cyclonically rotating updraft dominates
for the remainder of the simulated storm’s life.

There is another relative minimum in Figure 7 in
the northeast part of the domain, which could in-
dicated that an anticyclonically rotating updraft de-
veloped as the storm was transitioning to a quasi-
linear convective system.

3.2. Squall line

The squall line simulation ran on a 210x210 grid
square (630kmx630km) domain. A right-moving
supercell forms and quickly grows upscale into a
squall line. There are some embedded cells in the
line. A snapshot of radar reflectivity in the simulated
storm is shown in Figure 8. As in the supercell case,
the simulation ends as the line leaves the domain.

As in the supercell case, there are some key dif-
ferences between the simulation maxima of the cur-
rent UH calculation (Figure 9) and the new UH cal-
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FIG. 6. Simulation maximum of the new UH calcu-
lation for the idealized supercell.

FIG. 7. As in Figure 6, but the simulation minimum.

FIG. 8. As in Figure 3 for 4 hours and 40 minutes
into the squall line simulation.

culation (Figure 10). While the track of the initial
right-moving supercell is apparent in the current UH
calculation, the new calculation only highlights the
initial portion of the track.

In the minimum of the new UH calculation (Figure
11), the track highlighted in the current UH calcula-
tion is also highlighted as a minimum. This indicates
similar behavior to the supercell case. The storm is
initially dominated by a cyclonically rotating updraft,
which weakens and an anticyclonically rotating up-
draft strengthens. The difference is that in the squall
line case, the storm dissipates before a cyclonically
rotating updraft can take over again. This cyclonic-
anticyclonic alternation has not been documented
before, and more research will need to be done to
determine what that signal means.

4. CONCLUSIONS AND FUTURE WORK

The proposed new UH calculation captures more
information than the current calculation. Namely,
the new calculation can give information about rota-
tion throughout the column rather than just the fixed
layer in the current UH calculation. The new UH
calculation can also provide information about the
depth of the simulated storm, though more research
is needed to fully explore the data.

The new UH calculations presented here were
also done entirely in post processing, which
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FIG. 9. As in Figure 5 for the squall line case.

FIG. 10. As in Figure 6 for the squall line case.

FIG. 11. As in Figure 7 for the squall line case.

presents a hurdle to implementing the new UH cal-
culation in real-world simulations. Work is ongoing
on writing the new calculation in Fortran.

Once the calculation is implemented within the
model, more extensive comparisons can be done
on real world cases between the new and cur-
rent UH calculations. These comparisons will in-
clude qualitative comparisons as presented here
and quantitative evaluations of forecasts made us-
ing the new UH calculation.
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