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Abstract 
A crucial tool that is commonly used when forecasting severe weather, especially tornado 

potential, is the vertical wind profile on a specialized circular coordinate system, or hodograph. 

Numerous studies have found that a “sickle-shaped” hodograph is ideal for tornado potential, but 

new findings show that other hodograph shapes may not be as detrimental to tornado potential as 

previously thought. Recent studies have evaluated the impact of the vertical wind profile on 

tornado likelihood, but few have focused on the lowest 1 km of the atmosphere. Here we run 

idealized simulations of supercells using the Weather Research and Forecasting (WRF) program 

to improve understanding of the relationship between tornado potential and environmental 

hodograph shape by investigating different vertical wind profiles in the lowest 1 km above 

ground level (AGL).  

 Five experimental hodograph shapes and the idealized Weisman and Klemp (1984) 

curved hodograph, typically considered optimal for supercellular tornado production, are 

initialized using the idealized Weisman and Klemp (1984) sounding and run for 1 hour and 45 

minutes. For each simulation, low-level reflectivity, vertical velocity (updrafts or downdrafts), 

and a vertical cross-section of reflectivity through the location of maximum SRH are analyzed 

for indicators of tornado potential and compared to each other to determine which hodograph 

shape produces a favorable tornado environment based on whether runs reached predetermined 

thresholds. 

After analysis and comparison, storm-scale characteristics were found to be generally 

unaffected by changing low-level winds. Splitting supercells were formed and the right-mover 

had a rotating updraft (indicated by a hook feature and updraft helicity swaths) with 1 km AGL 

vertical velocity values of 10 m/s or greater in all cases. On the other hand, small-scale 

characteristics generally differed across all hodograph shapes. The control run reached 1 km 

AGL vertical velocity values of 10 m/s much slower than the five experimental runs, likely due 

to a difference in the rate of change of wind direction with height. Runs with a backing wind 

profile near the surface also produced a much larger area of 10 m/s 1 km AGL vertical velocity 

near hook features than runs with veering winds near the surface. These differences in 

small-scale characteristics, but not larger-scale characteristics, give insight to the complexity of 

the relationship between low-level vertical wind profiles and tornado potential. 



 
Introduction  

Shear is often used as a term to describe a storm environment but has many different 

definitions and interpretations (Markowski and Richardson 2005). Here, we consider the role of 

vertical wind shear – which can be defined as changes in speed, direction, or both with height – 

in supercell morphology. Both speed and directional shear are important environmental 

ingredients that a storm requires to become supercellular. One way to examine environmental 

shear is with the use of hodographs. Figure 1 shows a blank hodograph plot where each ring 

from the origin indicates an increase in speed by 5 ms-1. The orientation of the data around the 

origin represents the wind direction, where 0° North is the vertical axis. Each point’s distance 

from the hodograph’s center indicates the wind speed. Typically points are plotted for specific 

heights above ground level to show how wind, and thus shear, changes with height. The data 

plotted on a hodograph will create a clockwise curve for veering winds with height (as in Figure 

2), counterclockwise for backing winds with height, and will be straight if there is no change in 

directional shear (Doswell 1991). 

The general projection of where a storm will move can be derived from the vertical wind 

profile (e.g., Bunkers et al. 2000). A hodograph with data primarily in the upper right quadrant 

generally results in a slow-moving cyclonic cell to the right of the mean wind direction or a 

fast-moving anticyclonic cell to the left. For a hodograph with the same wind profile but 

primarily in the lower right quadrant, the cyclonic supercell would move faster to the right of the 

mean wind direction and the anticyclonic supercell would move more slowly to the left (Bunkers 

et al. 2000). The names for each flank of a splitting supercell, the “cyclonic and anticyclonic 

supercells”, are called right movers (RM) and left-movers (LM) with respect to the mean wind. 

Since supercells will deviate more from a hodograph’s projected path than non-supercellular 

storms (Kirkpatrick et al. 2007), a hodograph’s shape can be used to predict whether a RM or 

LM will be favored and which general direction it will move. The curve of the hodograph, 

clockwise or counterclockwise, indicates whether the RM or LM is favored, respectively, due to 

linear pressure perturbations (Weisman and Klemp 1984). As a RM or LM propagates off of the 

mean wind, more streamwise or anti-streamwise vorticity is generated, respectively, and the 

storm thrives in said environment. 



We are primarily interested in the characteristics of supercellular storms because they 

produce the majority of significant (defined as 2 or greater on the Enhanced Fujita scale) 

tornadoes (Trapp et al. 2005). Hodographs also help draw conclusions about storm intensity. 

McCaul and Weisman (2001) found vorticity at the surface is stronger when the hodograph 

shape is curved and weaker when the shape is straight. Generally, a curved hodograph is 

representative of supercell formation, and historically, most tornadoes are formed from 

cyclonically rotating supercells. These storms become more likely as directional and speed shear 

increase and the hodograph shows clockwise rotation in the lowest levels of the atmosphere 

(Doswell 1991; e.g., as in Figure 2). 

Though a veering wind profile creates the right curved, “sickle-shaped” hodograph (as in 

Figure 2), supercells and tornadoes can form in environments with other types of vertical wind 

profiles. Several observational studies have discussed severe weather setups and examined what 

parameters were in place for each event. King and Kennedy (2018) used several atmospheric 

reanalyses alongside a database from Rapid Update Cycle (RUC-2) to compare environments 

near supercells in North America and found all the reanalysis soundings (with one exception) 

near the 3 May 1999 Moore, OK tornado contained backing winds aloft. The authors emphasized 

that all their reanalysis hodographs are bad representations of the classic “sickle-shape” that are 

typically favored, suggesting the exploration of various other shapes is needed. Another study by 

Parker (2017) found that a veer-back-veer (VBV) wind profile was conducive for supercell 

formation and that other hodograph shapes were also capable of producing supercells of varying 

intensity. A composite hodograph created using the averaged vertical wind shear across 62 

tornado outbreak soundings also yielded a hodograph with a VBV pattern (Rotunno and 

Weisman 1999). 

More recent findings have shifted in focus from the entire hodograph to analyzing 

specific levels individually. Vertical wind profiles in close proximity of over 400 tornadic and 

nontornadic supercells were analyzed by Markowski et al. (2003) by looking at vertical wind 

shear and hodograph curvature. In these cases, average parameters above 1 km were similar 

between tornadic and nontornadic events, whereas below 1 km, there were more substantial 

differences in ground-relative wind speed. The change in hodograph shape below 1 km was 



shown to be the main factor for distinguishing between tornadic and non-tornadic environments 

since the hodograph shape was generally the same for all cases above 1 km. The low-level wind 

profile can have large impacts on supercell formation and tornadogenesis via dynamic updraft 

forcing (Guarriello et al. 2017). By altering hodograph shapes through simulation, Guarriello et 

al. (2017) found that changes in the lowest 1 km AGL had effects on updraft size and shape. 

Esterheld and Giuliano (2008) found that numerical forecasts can be enhanced with an 

accurate prediction of 10–500 m AGL shear. The tornadic storms in their study showed a 

distinguishable amount of shear in this layer compared to non-tornadic storms, making this 

variable a useful indicator of tornado formation. The wind characteristics in the lowest 1 km 

AGL have proven to be an important part of tornado formation in several recent studies 

(Markowski et al. 2003, Esterheld and Giuliano 2008, Guarriello et al. 2017), yet there is little 

research focusing on its impacts in terms of resulting storm morphology.  

Idealized storm simulations are often used to test hypotheses about the weather on the 

mesoscale and convective scale. In an idealized simulation, all thermodynamic characteristics of 

the initial environment can be determined and homogeneous both horizontally and vertically to 

reproduce observed features. The goal of simulating storms is often to recreate a particular 

characteristic or feature of a storm under chosen conditions (Weisman and Klemp 1982). This 

way, it is easy to isolate particular variables and compare conclusions based solely on those 

variables rather than other complex processes that take place in full physics simulations or field 

observations. 

This work aims to improve understanding of the relationship between tornado potential 

and low-level environmental hodograph shape by investigating different vertical wind profiles in 

the lowest 1 km AGL. We hypothesize that the most ideal hodograph shape will have a 

uniformly veering profile and the characteristics of the wind below 1 km will determine whether 

or not a tornado will form in a supercell given favorable upper-level wind hodograph shape. 

These experiments will extend the work of Guarriello et al. (2017) and Parker (2017) to better 

identify vertical wind profiles that may be associated with tornado potential and generally 

improve understanding of the relationship between the environmental wind profile and tornado 

potential.  



This understanding can lead to improved tools, which may benefit broadcast, operational, 

and research meteorologists, as well as other disciplines like public safety personnel. More 

accurate forecasts can be produced and communicated by meteorologists to the public, which 

will positively influence community and individual preparedness when severe weather is 

expected. Field researchers interested in (especially tornadic) severe weather can also benefit 

from an improved ability to determine where the most useful data collection can be done, and 

also use this study’s results as a basis for new research avenues. Although public safety and 

forecast accuracy can be considered the greatest benefit from this study, a wide variety of uses 

are possible across meteorological scales and other disciplines. 

 
Methods 

The methods used in this study are based on those used by Parker (2017) and Guarriello 

et al. (2017).  In each experiment, we hold all parameters constant with the exception of the wind 

profile below 1 km in order to isolate its effects on supercell morphology and tornado potential. 

The sickle-shaped hodograph from Weisman and Klemp (1984) was used as the control 

experiment. We then created five additional hodograph shapes using the Sounding and 

Hodograph Analysis and Research Program in Python (SHARPpy; Blumberg et al. 2017). 

Experiments 1–5 are idealized shapes with different veering and backing trends throughout the 

lowest 1 km as shown in Table 1. Only the wind profile was modified for each experiment; 

thermodynamic parameters were held constant. Each of the shapes was created by first dividing 

the lowest 1 km into quadrants or thirds. Then, the sections were used as the transition point 

between levels of veering and backing. The trials are meant to test differing amounts of baking 

winds and backing winds at different levels within the kilometer. 

a. Numerical model setup 
The simulations were run using the University of Oklahoma Supercomputing Center for 

Education and Research (OSCER) resources, available to all students. Simulations were 

performed using the Weather Research and Forecasting Model (WRF; Scamarock et al. 2019), a 

mesoscale numerical weather prediction system intended for atmospheric research and 

operational forecasting. Using the WRF Model, idealized simulations were run using the 

Wiesman and Klemp (1984) sounding parameters, which are typically observed in a severe 



weather environment (e.g., high convective available potential energy and low convective 

inhibition values, small or non-existent dewpoint depression, large 0–6 km shear, etc.).  

Since we are interested in finding storm-scale signatures relevant to tornado potential, 

which are typically observed at a microscale (i.e., less than 1 km) level, a fine horizontal and 

near-surface vertical grid spacing is necessary. The horizontal grid spacing is 500 m in a 

horizontal domain of 350 km ⨉ 350 km with open radiative boundaries. The upper boundary is 

set to a height of 16 km with vertical grid spacing stretching from 50 m at the bottom to 250 m 

aloft. To achieve this vertical spacing, the WRF Model’s vertical coordinate was determined 

using a method similar to the approach described in Mirocha et al. (2014), which uses the 

hypsometric equation to compute levels. The WRF Model configuration used in this study (i.e., 

ideal compiled with the em_quarter_ss option) did not accept prescribed vertical levels (or 

eta-levels) by default. A small modification of the model initialization code was required for the 

model to read in the vertical levels prescribed in the namelist options. 

Top and bottom boundaries are non-slip, rigid, and flat with Rayleigh damping applied in 

the top 2.5 km. The influence of surface friction on the vertical wind profile below 1 km and the 

resulting supercell morphology remains an open area of research. In our case, we apply a 

non-slip bottom boundary condition in order to simulate near-surface wind profiles in the 

vicinity of supercells as realistically as possible. Finally, the microphysics scheme being used to 

parameterize clouds and precipitation is the updated National Severe Storms Laboratory’s bulk 

two-moment scheme which includes graupel and hail of variable densities (Mansell et al. 2010). 

This again allows a more realistic representation of the environment in which supercells will 

form, which means the simulations we run will give a more accurate idea of how the vertical 

wind profile impacts supercell morphology and tornadic potential. The simulations were run for 

2 hours with output every minute. For each simulation, low-level reflectivity (500 m AGL), 

low-level vertical velocity (1 km AGL), and a vertical cross-section of reflectivity through the 

location of the strongest storm-relative helicity (SRH) were derived from the model output in 

order to be analyzed for signatures relevant to tornado potential. 

b. Initialization profiles 
The six vertical wind profiles used as the base-state in each simulation in this study are 

described in Table 1. For all simulations, a parent storm was generated in the idealized WRF 



model by applying a warm bubble in an idealized thermodynamic and kinematic vertical profile 

across the entire domain (Weisman and Klemp (Figure 3; 1982). In each of the six simulations, 

all environmental parameters are held constant except the vertical wind profile below 1 km AGL. 

The control experiment uses the idealized Weisman and Klemp (Figure 3; 1984) quarter-circle, 

clockwise-curving hodograph shown in the sounding in Figure 3. The output from this 

simulation serves as the control state against which all other experiments are compared. Five 

more experiments are run, each with a 0–1 km vertical wind profile depicting a variation of 

veering, backing, or both. These hodograph shapes were chosen because they represent nearly all 

possible low–level vertical wind configurations that can be observed. Analyzing this wide range 

of shapes provides insight on which profile is most likely to support tornado potential in a RM 

supercell. All five hodograph experiments retain the thermodynamic characteristics and 1–16 km 

wind profile associated with the idealized Weisman and Klemp (1984) sounding while varying 

the wind profile in the lowest 1 km AGL (Table 1).  

c. Analysis of simulations 
For our analyses, we are looking at tornado potential only in the RM supercell since, 

based on SRH, all six hodograph shapes indicate it will be favored over time. The thresholds 

used to determine whether or not a simulated RM supercell shows signatures supporting tornado 

potential are the same for each experiment. Since the horizontal grid spacing is 500 m, these 

experiments do not resolve tornado vortices near the surface. As such, we examine storm-scale 

features known to be conducive for tornadogenesis in supercells rather than looking solely for 

intense surface vortices. For example, a horseshoe-shaped hook echo present in the low-level 

(e.g., the lowest 1 km AGL) horizontal reflectivity must exist as an indicator of mesocyclone 

rotation. Thresholds on low-level updraft speeds and reflectivity were defined in close proximity 

to each other to locate the most likely locations of “tornado-like vortices” within the model. 

These values differed largely in each case, suggesting different storm morphologies occurred due 

to changing the low-level wind profile. These criteria are qualitatively similar to previous studies 

in searching for localized regions characterized by intense low-level updrafts (e.g., Coffer and 

Parker 2017).  The presence of these thresholds in our simulations altogether suggests a greater 

likelihood that the RM supercell is either conducive to tornadogenesis or is already producing a 

tornado.  



 

Results 
Each simulation output data each minute for 2 hours, but our analysis focused only on the 

first 1 hour and 45 minutes to omit storms approaching the boundary-initiated convection in the 

last 15 minutes. Since the background horizontal vorticity is not purely streamwise, the initial 

updraft in each case splits into RM and LM around 40 minutes into each simulation. This 

evolution was expected based on theory (Weisman and Klemp 1984) and agrees with recent 

simulations of supercells (e.g., Coffer and Parker 2017). The timing of selected milestones in 

supercell morphology in each simulation are shown in Table 2, including the time when the RM 

vertical velocity first reached 10 m s-1 at 1 km AGL, when the cross-sectional reflectivity first 

showed 50 dBZ values, when the horizontal reflectivity first showed 50 dBZ values, the time the 

supercell split, and we noted the duration of any hook-like features on the RM.  

It is worth noting that in the five non-control experiments, spurious convection initiates 

near the edges of the domain (e.g. Figure 4). While the exact causes of this convection are 

unknown, it is possible that the complex wind profile in the lowest portion of the profile causes 

local shear instability. This could force an unrealistic updraft during storm initialization, which 

may be strong enough to reflect off the top boundary. The vertical damping layer near the top of 

the domain is meant to dampen waves there, but may not have been deep enough for such 

instabilities. A reflected wave disturbance in the domain would be enough to lift parcels and 

initiate convection similar to what is seen in our experiments. Fortunately, the spurious 

convection remains weak and, due to the large size of our horizontal domain, does not occur too 

near our storms of interest to be an issue for our analyses.  

First, we first focused on storm-scale features such as the supercell’s morphology. In 

general, all six hodograph shapes reached the set thresholds around the same timestamp. The 1 

km AGL vertical velocity of the RM supercell in all cases but the control reached 10 m/s at about 

15 minutes, the RM supercell reached 500 m AGL reflectivity values of 50 dBZ in the horizontal 

and vertical at about 25 minutes in all cases, and all supercells split near the 1-hour mark. The 

time and duration of hook features vary more across runs, but generally first appeared between 

50 minutes to 1 hour after initiation and lasted from 20 to 50 minutes.  

a. Control 



The largest outlier of the trials was the control hodograph reaching 10 m/s 1 km AGL 

vertical velocity 46 minutes after initiation whereas the rest of the runs reached this threshold 

about 15 minutes after initiation. This may provide support for the hypothesized 

instability-driven updrafts causing reflected waves through the depth of the domain. However, 

spurious convection does not develop near the region considered here, so this remains somewhat 

unclear. Though each storm produced and sustained vertical velocities of 10 ms-1 as well as 

reflectivity above 50 dBZ, the collocation of these features along with the visual hook is what 

implies a favorable environment for tornadogenesis.  

The duration of hooklike features is an indicator of an environment supportive of tornadic 

features. In the control experiment, a hook feature first appears 50 minutes after initiation and 

lasts throughout the remainder of the simulation. Vertical velocity 1 km AGL is consistently 10 

m/s or greater, and both are collocated with 500 m horizontal reflectivity values of 50 dBZ or 

greater. Altogether, this indicates that the storm has strong low-level ascent and rotation, as 

expected (Figure 5).  

b. EX1 

In EX1, 1 km AGL vertical velocity reached 10 m s-1 only 12 minutes into the simulation 

and remained at that point for the duration of the run. This area of maximized vertical velocity 

was concentrated over the hook feature as well, indicating strong upward motion in an area of 

rotation (Figure 6). The results of the control and EX1 show a tornado-like signature for 55 and 

50 minutes respectively. The results of EX1 are most similar to the control experiment. The 

reflectivity in the horizontal and vertical cross-section reached 50 dBZ.  

c. EX2 

Uniquely in EX2, a hook feature appeared, disappeared, then it appeared again towards 

the end of the run. During and collocated with both instances of the hook feature, 1 km AGL 

vertical velocity values were 10 m/s or greater, and 500 m horizontal reflectivity values were 50 

dBZ or greater (Figure 7). This once again indicated strong upward motion in lower levels 

accompanied by rotation and a tornado-like signature that appears twice.  

d. EX3 



EX3 showed the strongest, most likely tornadic environment. There is an inflow notch 

that establishes around minute 56 and it is paired with a maximum in vertical velocity. These two 

features continue to be collocated until about 1 hour and 12 minutes, at which point vertical 

velocity weakens. At 1 hour and 1 minute into the simulation, the storm appears to be strongest 

with horizontal reflectivity well exceeding 50dBZ (Figure 8). Also at this timestamp, the vertical 

cross-section of reflectivity shows values exceeding 50 dBZ and this is colocated with a vertical 

velocity maximum (stronger than 10ms-1). All these features together still indicate a tornado-like 

signature more favorable than the other trials. 

e. EX4 

In EX4, the RM vertical velocity quickly reaches 10 ms-1 (compared to the other trials) by 

minute 13. A hook feature appeared in the RM around 62 minutes and was collocated with a 

strong vertical velocity of at least 10 m s-1 as seen in Figure 9. The reflectivity reaches 50dBZ in 

the horizontal and the vertical cross-section, and these features are collocated with a strong 

updraft. The vertical velocity is maximized over a larger area compared to the other simulations. 

These features together can be conducive to tornado formation.  

f. EX5 

In EX5, there was a very pronounced hook in the RM that is most visible in the contours 

of the vertical velocity as seen in Figure 10. The inflow wraps around in a counterclockwise 

direction on the southeasternmost part of the storm. The horizontal and vertical velocity both 

reach 50 dBZ. The vertical velocity is present in the same area as the inflow notch, indicating an 

updraft located in the correct place for tornadogenesis. Though the location is correct, the 

maximum vertical velocity is further away from the inflow. This flow is sustained for only about 

20 minutes and therefore this simulation, and overall weaker than EX3.  

For all of the simulation runs, time intervals were subjectively chosen to analyze when 

the RM supercell depicted the most favorable environment for a tornado to form. The figures 

included in this paper were also subjectively chosen to show the specific time during each run 

when the supercell environment was most favorable for tornado production and to include the 

noted features above.  

 

Discussion & Summary 



The results of our experiments show that even with varying low-level winds, the overall 

storm morphology is generally unaffected. Each trial produced a supercell and the environmental 

parameters sustained the storms for the entire simulation period. There are variables in all the 

trials that suggest an environment conducive for tornadogenesis. When looking at smaller scale 

features, there are subtle differences across simulations. Starting with the control experiment, 

there was a hook feature colocated with a maximum in positive vertical velocity and reflectivity 

of 50 dBZ or higher for 55 minutes. This is typical of a tornadic storm and we can determine that 

our control experiment was conducive for tornado formation as we hypothesized.  

Comparing the remaining five trials to the control, for at least one block of time, they 

show a tornado-like signature, but at different intensities. EX1, EX3, and EX4 all begin with 

backing winds closest to the surface while the control, EX2, and EX5 all have veering winds 

closest to the surface. Trials that have backing winds closest to the surface all have much larger 

areas of maximum vertical velocity. In EX1 the vertical velocity maximum spans about 15km in 

the east-west direction and about 20km in the north-south direction. For comparison, the control 

experiment had an updraft (vertical velocity maximum) that spanned about 7 km in the east-west 

direction and about 10 in the north-south direction.  

 Another notable difference between the control and the remaining five experiments is 

that the RM updraft of the control took about 30 minutes longer to reach the threshold of 10 m/s 

vertical velocity 1 km AGL than the RM updrafts of the five experiments. We believe that this is 

due to the slower rate of change of wind direction with height in the lowest 1 km in the control 

run. As the 0-1 km winds veer in the control hodograph, less horizontal wind shear is produced 

and less horizontal vorticity is available to be tilted into the low-level updraft. In the remaining 

five experimental cases, however, the rate of change of wind direction with height is much larger 

(for example, in the EX4 hodograph) than the control, so more horizontal vorticity is available to 

be tilted into the low-level updraft and air is forced up more quickly.  

Based on the apparent organization of the hook features and the concentration and 

strength of the updraft velocity, EX3 shows the most favorable tornadic environment for the 20 

minutes the hook is present. Though other trials were able to sustain the tornadic environment 

longer, the updrafts tend to be more spread out and the reflectivity is not well organized. It also 



appears that in Figure 8 there is hydrometeor sorting, meaning that the updraft is very strong. 

The small reflectivity that is larger than 70 dBZ likely indicates a hail core. This environmental 

favorability for tornado production is likely due to the EX3 RM supercell having the largest 

amount of 0-1 km SRH available to it compared to other experiments. 

In this experiment, we investigated the relationship between 0-1 km AGL vertical wind 

profiles and tornado formation by creating idealized supercells with the Weisman and Klemp 

sounding profile and six different hodograph shapes. We found that the overall morphology of 

the supercell in each case was generally the same, regardless of low-level wind profile, but 

small-scale features such as a hook or the vertical velocity differed with varying low-level winds. 

It was determined that EX3, a hodograph with backing from 0-0.25 km and veering from 0.25-1 

km, produced the most favorable environment for a tornado and had the most tornadic-like 

signature. These results are beneficial for research, operational, and broadcast meteorologists 

because knowing that a vertical wind profile of this shape is favorable for tornado production 

will help in forecasting tornadic storms and communicating danger to the general public.  

This study was limited to observing reflectivity and vertical velocity. This study could be 

enhanced by a full analysis of vorticity throughout the layer. More information about the storm’s 

tendency to rotate would provide a more complete understanding of the potential tornadic 

environment. Additionally, the layers of veering and backing can be applied at different levels 

(i.e., 1-2 km) or extending the profiles through larger heights (i.e., 0-3 km). These types of 

studies will be able to isolate the layer of the atmosphere where the wind is most influential for 

producing supercells capable of producing a tornado. Ultimately, a deeper understanding of the 

relationship between vertical wind profiles and tornado formation will benefit all who are 

impacted by tornadic storms.  
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Table 1. Six experiments were conducted using the following hodograph characteristics. 
 

Experiment Below 1 km Above 1 km Hodograph Shape 

Control Weisman and 
Klemp 
quarter-circle, 
clockwise 
curving  

Weisman and 
Klemp 
quarter-circle, 
clockwise curving  

 

EX1 veer-back-veer Weisman and 
Klemp 
quarter-circle, 
clockwise curving  

 

EX2 veer 0-0.25km, 
back 0.25-1km 

Weisman and 
Klemp 
quarter-circle, 
clockwise curving  

 

EX3 back 0-0.25km, 
veer 0.25-1km 

Weisman and 
Klemp 
quarter-circle, 
clockwise curving  

 

EX4 back 0-0.75km, 
veer 0.75-1km 

Weisman and 
Klemp 
quarter-circle, 
clockwise curving  

 

EX5 veer 0-0.75km, 
back 0.75-1km 

Weisman and 
Klemp 
quarter-circle, 
clockwise curving  

 
 



Table 2: Results of each trial with respect to the minutely output.  

 Control EX1 EX2 EX3 EX4 EX5 

Right Mover: 
Time the vertical 
velocity reaches 

10 ms-1 

0:46:00 0:12:00 0:14:00 0:15:00 0:13:00 0:20:00 

Time the 
cross-sectional 

reflectivity 
reaches 50 dBZ  

0:17:00 0:27:00 0:24:00 0:26:00 0:22:00 0:21:00 

Time the 
horizontal 

reflectivity at 
500m reaches 50 

dBZ 

0:22:00 0:27:00 0:28:00 0:27:00 0:28:00 0:25:00 

Supercell split 1:01:00 0:57:00 0:58:00 1:05:00 1:05:00 1:06:00 

Right Mover: 
Time and 

duration of hook 
features 

0:50:00- 
1:45:00 

 

0:55:00- 
1:45:00 

0:44:00- 
1:20:00, 
1:37:00- 
1:45:00 

0:56:00- 
1:16:00 

1:02:00- 
1:28:00 

0:47:00- 
1:07:00  

 

 



 

Figure 1: Above is a hodograph with no data plotted. The numbers on the axes indicate speed 
in m/s and 0° North is the vertical axis. 

 

 

Figure 2: Above is a hodograph with clockwise curving or veering. The numbers on the axes 
indicate speed in m/s and 0° North is the vertical axis. The colors indicate height above the 

surface. Red 0-1km, Orange 1-2km, Green 2-3km, Blue 3-4km, Purple 4km+ 



 

 

Figure 3: The full sounding from Weisman and Klemp (1982, 1984)  with thermodynamic variables 
noted in the bottom leftmost box and the hodograph in the upper rightmost box.  

 
 



 

Figure 4:  Showing the 500m reflectivity with 500m wind vectors. The spurious convection is 
initiating near the y-axis on the eastern side of the domain in EX1. 

 

 



 

Figure 5: Output for the control experiment simulation. From left to right, the figures show the 
500 m reflectivity with 500 m wind vectors, the vertical velocity at 1000 m with a line 

indicating the maximum SRH location and location of the reflectivity cross-section in the third 
figure. The fourth figure (bottom right) shows the corresponding hodograph shape. The inflow 
notch is visible in the 500m reflectivity and also the updraft strength is shown in the vertical 

velocity.  
 



 
 

Figure 6: As is Figure 5 showing output for the EX1 simulation. The hook feature can be seen in 
500 m reflectivity, but the most notable feature of this run is the large area of maximum 1 km 

AGL vertical velocity collocated with the inflow notch. 



 
 

Figure 7: As in Figure 5 showing output for the EX2 simulation. The hook feature is a bit more 
subtle in this run but is visible in 500 m reflectivity. 1 km AGL vertical velocity is also 

maximized over the inflow notch. 



 

Figure 8: As in Figure 5, now showing EX3.  It is easiest to see the hooklike feature in the 500 
m reflectivity and also in the 1 km AGL vertical velocity.  

 

 



 

Figure 9: As in Figure 5, now showing EX4.  It is easiest to see the hooklike feature in the 500 
m reflectivity and also in the 1 km AGL vertical velocity.  

 

 



 

Figure 10: As in Figure 5, now showing EX5. In the 500 m reflectivity and the 1 km AGL 
vertical velocity figure, there is a prominent hook on the southeast side of the storm. It is also 

indicated by positive vertical velocity values.  
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