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ABSTRACT 

The environmental factors that contribute to supercell thunderstorms transitioning 

into mesoscale convective systems (MCSs) are poorly understood. Numerous studies 

have investigated these phenomena separately, but few have studied the interconnected 

dynamics that cause a transition between supercells and MCSs. This lack of knowledge 

significantly affects the ability to forecast severe weather impacts associated with each 

system, such as severe lightning, wind, hail, flooding, and tornadoes. Previous studies 

highlight four specific elements needed for the formation of both supercells and MCSs: 

low-level vertical wind shear, upper-level vertical wind shear, convective available 

potential energy (CAPE), and relative humidity (RH). Using a high-resolution cloud 

model, multiple combinations of the aforementioned environmental factors were 

investigated to determine which distinct combination contributed to a supercell’s initial 

development and MCS transition. Through data analysis focusing on areas of 

convectivity, potential temperature (theta) perturbations, and total mass flux, it was 

concluded that MCS growth from supercells is favored in environments with highest 

values of CAPE and RH, with low-level shear and upper-level shear inducing minor 

impacts. These results will facilitate refinement of MCS transition models.
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I. INTRODUCTION 

The United States is home to a wide range of high impact weather phenomena. Two 

of the most severe of these phenomena are supercell thunderstorms and Mesoscale 

Convective Systems (MCSs) (Gallus 2008). Paul Markowski (2007) references K. Brown’s 

concept that a supercell thunderstorm was distinguishable as a unique storm type, and each 

consist of a solitary updraft with a rotating core. Markowski further categorized a 

supercell’s rotating core as long-lasting, such that a single air parcel is able to travel the 

core’s entire vertical length during the life of the storm. He also states that the horizontal 

span of the rotating core itself must be at least half of the originating storm’s entire vertical 

extent. Markowski observed that most of these rotating core supercells had an average 

lifespan ranging approximately 1–4 hours. In contrast to supercells, J.M. Fritsch (2001) 

states that the term “MCS” is given to a particular weather phenomenon that is comprised 

of multiple individual thunderstorms, develops on a scale significantly larger than said 

individual updrafts (sometimes being large enough to be considered synoptic scale 

phenomena), and exists on time scales ranging 6–12 hours (or even longer).  

Both MCSs and supercells present extensive risk to society. Supercell 

thunderstorms are associated with the production of destructive tornadoes, hailstones 

measured at a diameter of five inches or greater, the most intense lightning flash rates ever 

recorded (over 200 flashes per minute within an area 10 km2 or less: Markowski 2007), 

damaging straight-line winds, microbursts, and heavy rainfall (Smith et al. 2001; Hitchens 

and Brooks 2013). MCSs, especially those that evolve from supercells, exhibit not only the 

severe weather phenomena associated with the originating supercell (especially within the 

immediate transformation phase; Fritsch and Forbes 2001), but also extreme rainfall 

rivaling that of a landfalling tropical cyclone (Fritsch et al. 1986), and widespread 

damaging winds due to the presence of rear inflow jets (Weisman 1992 and 1993). Several 

field study analyses concur that the peak rainfall rate within an MCS occurs within the 

development phase or roughly 2–6 hours after transition (Collander 1993; McAnelly and 

Cotton 1989). Additionally, it has been seen that for an MCS, the strong, damaging winds 

occur within the mature phase (Fritsch and Forbes 2001). Maddox (1980) observed that, 
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statistically, one in every five MCSs is responsible for a human death. MCSs are also so 

large in scale that they can affect and change the surrounding mesoscale to synoptic 

environment. Most importantly they can create persistent vorticity anomalies which can 

further contribute to the development of new MCSs (Fritsch and Forbes 2001).  

The environments that spawn supercell thunderstorms and MCSs are very similar, 

and consequently MCSs often form from supercells (Fritsch and Forbes 2001). Supercells 

develop within environments of strong low-level wind shear which manifest as clockwise 

turning of wind direction with height within the first kilometer. This low-level wind 

curvature corresponds to ample streamwise vorticity and storm-relative helicity, which is 

responsible for low-level updraft rotation (Davies-Jones 1984; Weisman and Rotunno 

2000; Thompson et. al 2003,2007,2012). Similarly, MCSs typically develop near the 

termination of strong low-level jets where strong vertical wind shear is present. Suitably 

strong ambient environmental shear allows for mechanical lifting to occur at outflow 

boundaries created by cold pools, as well as strong synoptic scale warm air advection in 

the lower levels (Fritsch and Forbes 2001; Coniglio et al. 2006, 2007, 2010; Peters and 

Schumacher 2014, 2015a, 2016). Other individual environmental factors such as 

convective available potential energy (CAPE) must also be present for the development of 

both supercells and MCSs, as this element is necessary for deep convection in general. 

Similarly, middle tropospheric relative humidity influences the strength of convective 

updrafts and potentially precipitation rates (Morrison 2016). However, previous studies 

have not pinned down the ranges of these variable that are favorable for MCS development 

(Rasmussen and Wilhelmson 1983). For instance, operational forecast parameters such as 

the Supercell Composite suggest a larger chance for sustained supercells with higher CAPE 

values (Thompson et al. 2003). However, other studies have shown that precipitation rates 

tend to correlate with CAPE, and the associated increase in cold pool production in higher 

CAPE environments may facilitate upscale growth (Gropp and Davenport 2018). Likewise, 

some studies suggest that low relative humidity promotes cold pool production (Proctor 

1989); whereas, other studies show reduced cold pool production with low middle 

troposphere relative humidity (Grant and Van Den Heever 2014).  
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While supercell-to-MCS transitions are common, not all supercells transform into 

MCSs. Little is known about what specific environmental factors cause one supercell to 

transform into an MCS while another supercell simply decays without MCS development. 

The transition from supercell to MCS can be considered the most dangerous period since 

environmental impacts of both phenomena, i.e., tornadoes, hail, damaging winds, intense 

lightning storms, and flash flooding, can occur (e.g. Nielsen et al. 2015). Being able to 

distinguish the key factors which increase the probability of supercell thunderstorm 

transition will be incredibly beneficial to all early warning and resource protection 

programs.  

This thesis highlights certain environmental components that, when present, will 

accurately forecast the supercell-to-MCS transition. Various cases involving different 

initial conditions were used to run simulations of convection using Cloud Model 1 (CM1). 

Low-level wind shear, deep-layer shear, CAPE, and RH values have been considered at 

different intensities to determine if any combination of these characteristics incite a 

transition from a supercell into an MCS. To address the uncertainty regarding the influence 

of CAPE on upscale growth, I hypothesize CAPE values, and not wind shear values, will 

be the deciding factor between environments where super cell thunderstorms complete the 

transition to an MCS and those that do not. Furthermore, that it is large CAPE values that 

increase the likelihood of a transition from a supercell into an MCS because large CAPE 

promotes greater vertical mass flux, precipitation production, and subsequent cold pool 

formation. The organization of this paper is as follows: a detailed description of CM1 

including all domain parameters, control values and associated variations, additional 

characteristic values, and a detailed data analysis is contained in Chapter II; results and 

discussion are in Chapter III; summary and conclusion is in Chapter IV.  
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II. METHODS 

A. MODEL SETUP 

Simulations were run using Cloud Model 1 (CM1; Bryan and Fritsch 2002), which 

is a three-dimensional, non-hydrostatic model designed to directly simulate clouds. CM1 

typically uses a single sounding as initial and lateral boundary conditions with an added 

perturbation in the initial conditions to cause deep convection to develop. It is specifically 

designed to conserve total energy within a system to a higher order magnitude of accuracy 

than any other current model (NCAR 2019). Boundaries at the surface and top of the 

atmosphere were set as free slip, and radiation physics as well as fluxes between the surface 

and atmosphere were not considered. Microphysical processes were parameterized using 

the double moment scheme of Morrison et al. (2008) with hail as the prognostic rimed 

hydrometeor species. The model horizontal grid extent was set to 500 km in both the x- 

and y-directions. The model vertical grid extent was set to 18 km in the z-direction. Grid 

point spacings were set to 1 km in the horizontal and 100 m in the vertical. Various 

combinations of domain size and grid spacings were tested, and our results were insensitive 

to grid resolution. Output frequency was set to every 5 minutes. Coriolis acceleration 

affects were tested for any impacts to results and found to be insignificant at utilized length 

and times scales. Complete model setup information can be found in Table 1. 
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Table 1. Summary of the CM1 Configuration 

Attribute Value/Setting Notes 
Fully Compressible Yes  
Horizontal Grid Spacing 1 km  
Vertical Grid Spacing 100 m  
Vertical Coordinate Height (m)  
Number of x and y Points 500 x 500  
Vertical Points 180  
Top/Bottom LBCs Free-slip  
North/South LBCs Open-radiative Durran and Klemp (2003) 
East/West LBCs Open-radiative Durran and Klemp (1983) 
Convection Initiation Warm bubble at domain 

center, horizontal radius: 5 k, 
vertical radius: 1.4 km, theta 
perturbation: 3 K 

 

Microphysics Morrison Morrison et al. (2009) 
Diffusion 6th Order  
Subgrid Turbulence TKE  
Rayleigh Dampening Yes  
Dissipative Heating Yes  
2nd and 6th Order Coef. 75 - .04  
Longwave Radiation None  
Shortwave Radiation None  
Surface Layer None  
Boundary Layer Physics None  
Cumulus 
Parameterization 

None  

 

B. INITIAL MODEL PROFILE 

The initial or “control” thermodynamic profile used for all of the runs was the 

analytic profile given by Weisman and Klemp (1982), which will be hereafter referred as 

the WK82 sounding. Additionally, the wind profile shapes follow the “quarter circle” wind 

profile developed by Rotunno and Klemp (1982).  
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Skew T log p diagram depicting the temperature and moisture profiles used in the CM1 
domain. Thin red line represents Tv of initial environment. Bold red line represents T of 
initial environment. Solid black line represents the temperature of a lifted air parcel with 
average properties of lowest 1 km of atmosphere. Green lines represent dewpoint and 
associated moisture values (dark green = lower values, light green = higher values). Tilted 
solid lines are isotherms, long dashed lines are moist adiabats, and short dashed lines are 
dry adiabats. 

Figure 1. WK82 Environmental Sounding. Source: Weisman and 
Klemp (1982) 
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Hodograph depicting the wind profile used within the CM1 domain. Different low-level 
wind shear values represented by length/color of line with the lowest value (LL1) as 
short/yellow, the middle value (LL2) as middle/red, and the highest value (LL3) as 
long/blue. Upper-level wind shear values are represented as the length of the straight-line 
section with the lowest value (UL1) as the shortest line section and the highest values 
(UL2) as the longest line section. Multi-colored dots represent Bunkers et al. (2000) 
estimated storm motion vectors for right movers. U-wind on x-axis. V-wind on y-axis. 

Figure 2. Environmental Hodograph. Source: Rotunno and Klemp 
(1982) 

To test the sensitivity of supercell behavior to CAPE, relative humidity (RH), and 

variations of wind shear within the air column, a series of 24 numerical model runs were 

conducted with different variations in the quarter-circle wind profile and strength of shear 

as well as variations in the Convective Potential Available Energy (CAPE) and relative 

humidity (RH) parameters. The quarter-circle wind profile was modified by two 

independent methods. First, three separate values for the low-level wind shear were derived 

by multiplying the 0–1 km values of the original quarter-circle profile by 0.5, 0.75, and 1 

(hereafter “LL1,” “LL2,” and “LL3”). In combination with the low-level shear, two values 

of upper-level shear (1-6 km) were assigned by multiplying the 0–6 km values of the 

original quarter-circle profile by 0.75 and 1 (hereafter “UL1” and “UL2”). Each of these 

variations were combined for a total of 12 base wind profiles. Two different RH values of 
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42.5 % (hereafter “dry,” RH1) and 85 % (hereafter “moist,” RH2) and above 3 km were 

used to evaluate the sensitivity of results to RH. In addition, two different values of 

boundary-layer moisture of 14 g kg-1 (1 km mean CAPE of 1729 J kg-1, hereafter CAPE1) 

and 16 g kg-1 (1 km mean CAPE of 2744 J kg-1, hereafter CAPE2) were also used in the 

WK82 sounding to test the sensitivity of storm evolution to boundary layer moisture and 

CAPE. Each of these moisture parameters were combined within the aforementioned base 

wind models for a model population of 24 independent runs, each of which labeled 

reflecting the variables used. For example, a model run with the LL1, UL1, CAPE1, and 

RH1 parameters is referred to as LL1_UL1_CAPE1_RH1. 

Table 2. Model Run Break Down with Associated Label 

Run Number Title 
1 LL1_UL1_CAPE1_RH1 
2 LL1_UL1_CAPE1_RH2 
3 LL1_UL1_CAPE2_RH1 
4 LL1_UL1_CAPE2_RH2 
5 LL1_UL2_CAPE1_RH1 
6 LL1_UL2_CAPE1_RH2 
7 LL1_UL2_CAPE2_RH1 
8 LL1_UL2_CAPE2_RH2 
9 LL2_UL1_CAPE1_RH1 
10 LL2_UL1_CAPE1_RH2 
11 LL2_UL1_CAPE2_RH1 
12 LL2_UL1_CAPE2_RH2 
13 LL2_UL2_CAPE1_RH1 
14 LL2_UL2_CAPE1_RH2 
15 LL2_UL2_CAPE2_RH1 
16 LL2_UL2_CAPE2_RH2 
17 LL3_UL1_CAPE1_RH1 
18 LL3_UL1_CAPE1_RH2 
19 LL3_UL1_CAPE2_RH1 
20 LL3_UL1_CAPE2_RH2 
21 LL3_UL2_CAPE1_RH1 
22 LL3_UL2_CAPE1_RH2 
23 LL3_UL2_CAPE2_RH1 
24 LL3_UL2_CAPE2_RH2 
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C. ANALYSIS STRATEGIES 

Each of the 24 runs produced scenarios that included supercells that made the 

transition to an MCS and those that failed to do so. An analysis was conducted of each 

storm’s simulated radar reflectivity (dBz). Simulated radar reflectivity was used because 

of its ability to represent rain rate, and to maintain consistency with past studies that have 

looked at radar imagery (NOAA, 2009). According to the Radar Images: Reflectivity page 

hosted by NOAA (https://w1.weather.gov/glossary/index.php?letter=d; 2019), values of 20 

dBz indicate falling precipitation and values of 40 dBz represent areas of moderate rainfall. 

Therefore, for this paper, areas of >40 dBz denote where the storm has become fully 

developed, and the size of this >40 dBz area will determine when the supercell has fully 

transitioned into an MCS. The focus on areas of > 40 dBz area as an indicator for MCS 

transition instead of the size of the cloud shield as annotated by Maddox (1980) stems from 

the understanding that severe weather typically occurs with the strongest updrafts (Gallus 

2008). A supercell thunderstorm is considered to have transitioned into an MCS when the 

area of >40 dBz reaches and sustains an area measuring greater than 100 km for the 

remainder of the model run. The decision of 100 km being the area criteria is based on the 

definition of an MCS found in (Cotton et al. 1989), that an MCS is orders of magnitude 

greater than a single supercell thunderstorm, and that a single nonsupercell convective 

updraft width averages 1–3 km (Hernandez-Deckers and Sherwood 2016, Table 3) and 

supercell updrafts range from 5–10 km in diameter (Peters et al. 2019). An area of 100 km 

is 1–2 orders of magnitude greater, making it an acceptable marker for MCS transition. In 

order to accurately measure the area of significant updraft, MATLAB’s “ellipse fit” 

function is used to create a border around all grid points measuring >40 dBz. This region-

fitted ellipsoid changes size in sync with said region as the model run progresses through 

all remaining time steps. Simultaneously, the length of the semi-major axis is recorded and 

used as a determining factor of MCS transition. Once the length of the semi-major axis of 

the fitted ellipsoid representing the region of >40 dBz reaches a magnitude of 100 km, the 

super cell thunderstorm is considered to have completed its transition into an MCS. A 

version of the above analysis is also applied to the measurement of the resulting cold pool 

of each system. The same ellipsoid fitting technique is employed to measure and record 
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areas where the surface potential temperature perturbation reaches differences of -3°K or 

greater from the original model temperature. This temperature criterion was chosen to 

ensure that enough temperature distinction existed to identify the cold pool boundary for 

analysis. Total vertical mass flux is calculated at 5 km above ground level (AGL) for every 

time step and then analyzed in the form of a time series. Vertical mass flux relates to 

vertical moisture flux and correlates with precipitation production.  
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III. RESULTS 

For each of the model runs, the rate at which severe convection organized into an 

MCS was analyzed through the evolution of simulated radar reflectivity. Various physical 

characteristics were required to determine rate of convection organization during each 

stage of the system’s development. In order for a storm to be considered a supercell, distinct 

patterns of development such as a hook echo, a v-signature in the forward flank 

precipitation, and a low-level updraft helicity maximum were needed with either the right, 

left, or both flanks sustaining areas of >40 dBz for the remainder of the model run or until 

MCS transition occurred. MCS transition was considered complete when one continuous 

area of >40 dBz spanned over 100km in the horizontal and then remained over 100km wide 

for the remainder of the model run. Of the 24 total model runs, 21 successfully created a 

supercell thunderstorm with radar reflectivity >40 dBz displayed as simulated radar 

reflectivity, and 11 of those supercell thunderstorms completed the transition into an MCS. 

Examples of this MCS transition can be seen in Figure 3. 
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Left panel displays initial supercell thunderstorm. Right panel displays initial supercell 
thunderstorm after MCS transition. (A) LL1_UL1_CAPE2_RH2. (B) 
LL1_UL2_CAPE2_RH2. (C) LL2_UL2_CAPE2_RH1. (D) LL3_UL2_CAPE2_RH1. 
Shading colors depict simulated radar reflectivity (dBz). Both x- and y-axis depict distance 
(km).  

Figure 3. Radar Reflectivity Comparison 

For analysis, each model run was categorized with respect to three scenarios, no 

supercell, supercell but no MCS, and supercell and MCS. After all model runs were 
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characterized, a deeper look at the common environmental elements of each group was 

conducted. 

When investigating the three scenarios which failed to even create the initial 

supercell thunderstorm, two commonalities were observed. In each of the three scenarios, 

the area of >40 dBz only persisted for an average of 100 min as seen in Fig 4. and each 

model run contained the lowest values of upper level shear, CAPE, and relative humidity 

(UL1_CAPE1_RH1) combined. In each sequential model run, the value of low-level wind 

shear increased from LL1 to LL2 to LL3 with no perceivable effect on the scenario 

development, meaning that low-level wind shear did not seem to affect this scenario. Each 

run produced small areas of > 40 dBz convection; however, none of the runs were able to 

sustain this small area of convection for longer than 180 mins. 

 
Right panel is LL1_UL1_CAPE1_RH1 run, middle panel is LL2_UL1_CAPE1_RH1 run, 
and left panel is LL3_UL1_CAPE1_RH1 run. Top row: x- and y-axis denote distance (km). 
Shading colors depict simulated radar reflectivity (dBz). Bottom row: x-axis represents 
time (hrs). Y-axis represents max area of >40 dBz convectivity. 

Figure 4. Radar Reflectivity and Associated Time Series of Non-
Supercell Scenarios 
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The second grouping of model runs analyzed consisted of those that were 

successful in creating the initial supercell thunderstorm but failed to trigger the transition 

of said thunderstorm into an MCS. Of the 21 scenarios which created a supercell, ten fell 

into “Supercell, but not MCS” category. Again, several commonalties of the environmental 

components across all these model runs came to light. First, all scenarios had the lowest 

CAPE values, CAPE1, (the two exception cases will be addressed later) which is a trait 

shared with the non-supercell cases. At face value, this supports the hypothesis that CAPE 

is the primary driver in the MCS development in that lower CAPE values resulted in a low 

incidence of MCS development. However, the separating factor seems to be a combination 

of elevated wind shear values or relative humidity. Any individual case that contained LL1 

also contained UL2, any case that contains UL1 also contains either LL2 or LL3, and the 

cases with both LL1 and UL1 also contained RH2. All combination cases appear to, 

individually, be just enough of an environmental edge to tip the non-supercell case into a 

successful supercell case, but not enough to trigger the MCS transition. The two previously 

mentioned exceptions were cases LL1_UL2_CAPE2_RH1 and LL2_UL1_CAPE2_RH1. 

Both possess CAPE2 and not CAPE1 yet still failed to initiate MCS transition. It is 

proposed that each of these scenarios were showing signs of MCS transition towards the 

end of the model run, and would have completed transition should the run have continued 

for at least an extra 30 mins. Their specific convection area of >40 dBz time series plots 

can be seen in Figure 5. It is suspected that the presence of stronger low-level and/or deep-

layer shear may have dampened the transition process, forcing more time before the 

CAPE2 value was able to trigger an MCS transition; however, this will require further 

investigation to confirm. 
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Right panel is LL1_UL2_CAPE2_RH1 run and left panel is LL2_UL1_CAPE2_RH1 run. 
Top row: x- and y-axis denote distance (km). Shading colors depict simulated radar 
reflectivity (dBz). Bottom row: x-axis represents time (hrs). Y-axis represents max area of 
>40 dBz convectivity. 

 

Figure 5. Radar Reflectivity and Associated Time Series of Non-
Transitional Supercell Scenarios 

The remaining grouping of model runs to be examined where those that both 

created a sustained supercell thunderstorm and also triggered the transition into an MCS. 

Of the 24 total runs studied throughout this experiment, only 11 fell into this category. The 

glaring environmental commonality between each of these specific cases was the presence 

of the highest value of CAPE, CAPE2, which was different than the other scenarios which 

had the lowest value of CAPE. This again supports the paper’s main hypothesis in that the 

highest CAPE values were associated with the highest incidence of MCS development. 

Throughout the 11 transition cases various combinations of LL1, LL2, LL3, UL1, UL2, 

RH1, and RH2 were investigated, similar to the combinations seen in the non-supercell and 

supercell cases; however, none of the various environmental value combinations appear to 

have an effect as to whether the MCS transition occurs. This suggests that MCS 

development depends mainly on the thermodynamic factors, rather than on the details of 

an environmental wind profile. The only exception was run LL1_UL1_CAPE1_RH2 
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which was able to complete the MCS transition with CAPE1 value. This CAPE value alone 

should determine that this case would create a non-transitioning supercell thunderstorm; 

however, again, the effects of wind shear can be observed but in the opposite function as 

noted before. It is suspected that this model run was only successful in completing the 

transition due to the presence of LL1 and UL1, meaning that very small wind shear in 

combination of the smaller CAPE value allowed a sufficiently large cold pool and related 

MCS to develop.  

Figures 6 and 7 show all model runs in comparison to each other and their 

representative characteristics. Figure 6 graphically shows the result that CAPE is the main 

environmental factor that supports supercell transition into an MCS while there is no 

perceived change when comparing the two wind shear elements. Figure 7 displays the 

resulting three groups of model runs of non-supercell, supercell but no transition, and 

successful MCS transition respectfully. By organizing the results in this manor, it is easy 

to again see that CAPE is the dominant factor in determining the likelihood of supercell 

transition into an MCS. 
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Time series depiction of growth of >40 dBz radar reflectivity area against independent 
environmental factors. The x-axis is time (hrs). The y-axis is area (m2). Upper left panel: 
Comparison with respect to CAPE. Upper right panel: Comparison with respect to relative 
humidity. Lower left panel: Comparison with respect to low-level shear. Lower right panel: 
Comparison with respect to upper-level wind shear. Blue lines represent highest values of 
respective variable. Green lines represent lowest value of respective variable unless red is 
present, then green represents the middle values. If present, red lines represent the lowest 
of three values of the respective variable.  

Figure 6. Comprehensive Comparison of All Environmental Factors 
Related to Radar Reflectivity Across All Model Runs. 
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Breakdown of the 24 model runs into three distinctive cases: no supercell development, 
supercell formation but no MCS transition, and successful supercell transition into an 
MCS. Red rectangles highlight CAPE variables in both cases that only created a supercell 
(CAPE1) and those that transitioned into an MCS (CAPE 2). Red Stars annotate exception 
cases to the respective case CAPE value rule. 

Figure 7. Three Model Run Resultant Cases 

Cold pool analysis was conducted by measuring the area of >3°C surface 

temperature perturbations at each time step and then examined as a time series. Of the 21 

model runs that successfully created a supercell thunderstorm, the cold pool growth rate 

proceeded the >40 dBz area in all but three cases. For the group of model runs that produced 

a supercell thunderstorm that did not successfully transition into an MCS, the cold pool 

area reached the 100 km MCS threshold between 30–56 mins before the convective area 

surpassed the MCS threshold. Two model runs in this group did produce a cold pool that 

did not cross the MCS threshold, LL2_UL2_CAPE_1_RH1 and LL3_UL2_CAPE1_RH1 

and are two of the three aforementioned cold pool exception cases. For the group of 11 
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model runs whose supercell thunderstorms completed the transition into an MCS, the cold 

pool crossed the MCS threshold between 35–60 mins. The time between each supercell’s 

cold pool reaching the MCS threshold and the associate supercell initiating its transition 

into an MCS ranges from 4–19 mins with 6 cases below 10 mins and 4 cases ranging from 

10–19 mins. The one exception case for this groups is model run LL2_UL1_CAPE2_RH2 

whose >40 dBz area proceed the cold pool in reaching the MCS threshold by 2 mins. All 

results remain consistent with results of previous research relating cold pool formations to 

a supercell thunderstorm’s transition into an MCS. Similar trends in cold pool extent with 

respect to the particular run’s CAPE value were similar to those deduced in the >40dBz 

analysis, specifically that cases with higher CAPE values also exhibited larger cold pool 

extents.  

Total mass flux was calculated across the whole domain as the total mass flowing 

across the horizontal 5km boundary. Results were consistent with those of the >40 dBz 

analysis. For the three cases that failed to create a supercell thunderstorm, total mass flux 

rates never increased higher than 1 Tgs-1, for the cases that created a supercell 

thunderstorm but did not transition into an MCS the total mass flux rates ranged from 2–7 

Tgs-1, and for the cases where the supercell thunderstorm successfully transitioned into an 

MCS the total mass flux rates range from 3–12 Tgs-1. All of these case comparisons can be 

seen in Figure 8. This correlation of higher rates of mass flux correlate closely with 

previous research linking higher rates of total mass flux with supercell thunderstorm 

transition into an MCS. Overall, we suggest that the mass flux rates were higher in the high 

CAPE environments because of greater updraft buoyancy, buoyant accelerations, and 

vertical velocities. These stronger updrafts apparently facilitated larger precipitation 

production, larger cold pools, and ultimately faster MCS growth than in the case of lower 

environmental CAPE. 
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Time series depiction of growth of total mass flux across 5 km AGL against independent 
environmental factors. The x-axis is time (hrs). The y-axis is area (m2). Upper right panel: 
Comparison with respect to relative humidity. Lower left panel: Comparison with respect 
to low-level shear. Lower right panel: Comparison with respect to upper-level wind shear. 
Blue lines represent highest values of respective variable. Green lines represent lowest 
value of respective variable unless red is present, then green represents the middle values. 
If present, red lines represent the lowest of three values of the respective variable. 

Figure 8. Comprehensive Comparison of All Environmental Factors 
Related to Total Mass Flux across All Model Runs 

Coriolis force was ignored for all model runs due to the short duration of the 

experiment (6 hours); however, to allay any suspicions that Coriolis force might possibly 

impact any of the results, several of the model runs were repeated with the Coriolis force 

applied to model perturbation variables only. There were no distinguishable differences in 

the results of the these runs when compared to corresponding “No Coriolis” model run, as 

seen in Figure 9. 
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Comparison of model run LL1_UL2_CAPE1_RH1 with Coriolis force parameters inactive 
(left) and active (right). Top row: x- and y-axis denote distance (km). Shading colors depict 
simulated radar reflectivity (dBz). Bottom row: x-axis represents time (hrs). Y-axis 
represents max area of >40 dBz convectivity. 

Figure 9. Investigation into Coriolis Force on Results 
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IV. CONCLUSION 

This paper investigated the relationship between different environmental factors 

and their impacts to the transition of a supercell thunderstorm into an MCS. Environmental 

factors studied include low-level wind shear (0-1 km), upper-level wind shear (0-6 km), 

convective available potential energy (CAPE), and relative humidity. The hypothesis 

considered states that MCS transition is primarily forced by the CAPE and relative 

humidity values rather than the environmental wind shear profile. 

To test this hypothesis, numerical simulations were run from initially horizontally 

homogenous domain. Then each of the four environmental factors were systematically 

varied to produce unique “atmospheres” wherein conditions for supercell thunderstorm 

formation were initialized. Both CAPE and relative humidity were assigned a “high” and 

“low” value, the ideal low-level wind shear profile was multiplied by factors of 0.5, 0.75, 

and 1, and the ideal upper-level wind shear profile was multiplied by factors of 0.75 and 1. 

In total, 24 individual model runs were completed, and the results examined through the 

comparison of both the resulting radar reflectivity and amount of vertical mass flux at the 

5 km horizontal boundary. The results derived from these model runs are described as 

follows: 

• In cases where supercell thunderstorms developed and completed the transition 

into an MCS, the highest CAPE value was the most distinct factor in all but one 

case. All other variations of low-level and upper-level wind shear values were 

investigated with no observable contribution to supercell transition.  

• In cases where a supercell thunderstorm developed but did not initiate MCS 

transition, the lowest value of CAPE was present; however, each case 

noticeably contained an elevated value of either upper-level wind shear or 

relative humidity. In seven of the ten cases the highest value of upper-level wind 

shear was present with varying patterns of relative humidity values. However, 

in each of the 3 remaining cases exhibiting the lowest value of upper-level wind 

shear, the highest value of relative humidity was present. It is thought that the 
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elevated value of relative humidity contributed to less precipitation evaporation. 

This lack of evaporation then led to more rain at the surface and a stronger cold 

pool that provided the extra push the environment needed to produce a supercell 

thunderstorm in the cases lacking of sufficient upper-level wind shear. Various 

combinations of low-level wind shear values were also tested with no 

observable contributions.  

• In cases were no supercell thunderstorm developed, lowest values of CAPE, 

relative humidity, and upper-level shear were present. Again, all three values of 

low-level wind shear were evaluated with no observable effect.  

• Interestingly, the three exceptions to the CAPE value predictor of MCS 

transition, one that successfully transitioned into an MCS and two that created 

a supercell thunderstorm but did not create an MCS, hint at a relationship 

between the presence of wind shear and the delayed development of a supercell 

thunderstorm as well as the supercell’s transition into an MCS.  

• Comparison of vertical mass flux throughout all cases mirror the above results 

found through comparison of system radar reflectivity, highlighting that cases 

possessing the highest CAPE values were the cases that initiated the transition 

into an MCS and that when making a distinction between MCS and non-MCS 

systems, differing wind shear values and combinations had no observable effect 

on model run results.  

• The cases that successfully created an MCS also exhibited the highest values of 

vertical mass flux. It is suspected that the larger vertical mass flux in the MCS 

cases contributed to more rainfall, leading to a more widespread and intense 

cold pool, which then led to faster upscale growth.  

The results of this study can be employed in refining the forecasting techniques for 

MCS transition, increasing the public’s ability to prepare for the correct severe weather 

threat. With supercell thunderstorms there is the threat of lightning, hail, and tornados. 

With the MCS, the threat shifts to that of widespread flash flooding with a dramatic 

decrease of tornadic probability. Future studies should include investigations into a value 
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range for CAPE, relative humidity, and upper-level wind shear that denotes when a 

supercell will transition into an MCS, determining the exact role that wind shear plays in 

the dampening of supercell development, investigating the effect of multiple supercell 

thunderstorms in the same domain on both the probability and rate of transition into an 

MCS in order to more accurately represent what is observed in nature, and investigating 

the dynamic relationship between vertical mass flux and MCS transition. 
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