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ABSTRACT 
 

A mesoscale convective system (MCS) is a complex of thunderstorms that is 
organized on a much larger scale than an individual thunderstorm and can persist for 
several hours.  MCS characteristics (intensity, structure, propagation speed) are thought 
to be influenced by the thermodynamic properties of the environment and vertical wind 
shear.  Past studies have typically characterized MCS environments on the basis of a 
single sounding, but there are few studies using detailed thermodynamic measurements of 
the environments of these systems to validate this approach.  Data for this study were 
from the Bow Echo and Mesoscale Convective Vortices Experiment (BAMEX) to 
investigate the thermodynamic environment a convective system.  This research was 
unique because there were approximately 35 soundings taken within and near this 
convective system.  To quantify the environmental structure, selected parameters were 
used to estimate the buoyancy of hypothetically lifted parcels at several levels and the 
vertical wind shear through the lower and middle troposphere.  Results suggest that the 
northern limit of the MCS is determined by environmental stability, not by processes 
internal to the MCS.  There were significant differences in the intensity of the MCS 
between the northern and southern halves of the MCS that corresponded to the variation 
of the lifted index north to south.  The variance of soundings in the path of the MCS 
suggests that it is not possible to characterize the degree of instability in this case.  
Furthermore, there was nearly a factor of two uncertainties in environmental wind shear.  
The results of this research further the understanding of the thermodynamic environment 
of a mesoscale convective system. 
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1.  Introduction 
Houze (1993) characterizes a mesoscale convective system (MCS) as a “cloud 

system that occurs in connection with an ensemble of thunderstorms and produces a 
contiguous precipitation area ~100 km or more in horizontal scale in at least one 
direction.”  Mesoscale convective systems persist for several hours and may appear round 
or quasi-linear in shape.  They are influenced by the low-level jet, thermodynamic 
instability, and vertical wind shear.  The moisture in these systems is brought forth by the 
low-level jet stream transporting water vapor from the Gulf of Mexico. These convective 
systems can produce a variety of severe weather during their lifetime, for example: hail, 
straight-line damaging winds (derechos), tornadoes, and flash flooding (Ahrens 2003).  It 
is important that mesoscale convective systems are studied because they account for 30-
70% of the precipitation between the Rockies and Mississippi River during the warm 
seasons, from April- September (Fritsch et al 1986). 

Maddox (1983) studied environmental variability of MCSs through statistical 
analysis, but analysis with atmospheric soundings has limitations.  Sounding locations are 
often not proximate to a particular event. It is important to use soundings within the area 
of the event in order to understand the relationship between the environment and the 
behavior of the MCS (Brooks et al. 1994).   

The Bow Echo and MCV Experiment (BAMEX) had a greater coverage of 
dropsondes near the MCSs than any previous experiment.  With proper analysis of the 
soundings from BAMEX, we hope to investigate the variability of the thermodynamic 
environment of a MCS.  We hope to characterize error in assessing the environment with 
a single sounding.   

Finding the relationships between a MCS and its environment will help us 
understand the local responses (intensity, propagation speed, behavior of system) and 
structure of a MCS.  This will lead to a corresponding relationship between the 
environment and variations within the system.   

Section 2 of this paper presents the methods employed in the analysis.  Results 
and discussion will be presented in Section 3.  Conclusions and future work will be 
described in Section 4. 

2.  DATA AND METHODOLOGY 
Data used in this research are from the Bow Echo and MCV Experiment 

(BAMEX).  The location of BAMEX was Mid America Airport in Mascoutah, Illinois 
(Figure 1) and the project dates were from 20 May to 06 July 2003.  The concentration 
for this research will be from of IOP4b (Intensive Observing Period), which was from 
June 2-3, 2003. The convective system during IOP4b took place in Eastern Arkansas and 
Northern Mississippi.  
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Figure 1. Map of the BAMEX region, centrally located at Mid America Airport. (JOSS 
2004) 

The WMI Lear Jet, pictured in Figure 2, was the aircraft used to release the 
NCAR GPS dropsondes (Figure 3).  The NCAR GPS Dropsonde is an atmospheric 
profiling tool, equipped with a GPS antenna, GPS receiver, pressure sensor, and humidity 
and temperature sensors (JOSS 2004).  In comparison to previous NCAR dropsondes, the 
NCAR GPS has improved the accuracy of atmospheric profiling as well as its 
performance.  These sensors are used to collect the data as the dropsonde falls through 
the atmosphere. 

 

Figure 2. Picture of WMI Learjet used in BAMEX (JOSS 2004). 
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Figure 3. Diagram of the NCAR GPS Dropsonde used during BAMEX. (ATD 2004) 

There are some complications that arise when using dropsondes.  Ideally, a 
dropsonde would fall through the atmosphere in a straight vertical line, but that is 
physically impossible because it is affected by the wind.  Depending on the strength of 
the horizontal wind, the dropsonde can be shifted in different directions.  It is also 
inferred that the dropsonde is accounting for a three-dimensional view of the atmosphere, 
when it is only one-dimensional.  Dropsondes can contain large representativeness errors.  
Human error or instrument malfunctions cannot be excluded as technical issues in this 
field project or any other field experiment.  After the data are received from the 
dropsonde, they are plotted on a Skew-T Log-P diagram.  The Skew-T Log-P diagram is 
a vertical profile of temperature, dewpoint, wind direction, and wind speed in the 
atmosphere.  These diagrams allow one to easily assess the potential for atmospheric 
convection by hypothetically lifting a parcel of air from near the surface.  A parcel is a 
volume of air with uniform thermodynamic properties. 

Assuming the location of each sounding could be approximated by a single point, 
sounding locations were remapped into an MCS following coordinate system.  The ‘x’ 
direction was taken parallel to the system motion (essentially east-west); the ‘y’ direction 
was orthogonal to this. Figure 4 is an example of the coordinate system at 1930 UTC.   
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Figure 4. Example of the coordinate system constructed of the MCS at 1930 UTC. 

The red line in the east-west direction is the Y=0 line and the northern edge of the MCS.  
Every dropsonde location that is south of this line was assigned a negative y value, and 
every location above the line has a positive y value.  The red line that is in the north-
south direction is the line of main convection as well as the X= 0 line, and this line 
moved as the system moved.  Every dropsonde location that was in front of the line of 
convection was assigned a positive x value and dropsondes behind this line were assigned 
a negative x value.  The purple lines on Figure 4 indicate the x and y values for that 
particular location.  This coordinate system was used to categorize the dropsonde 
locations into 3 categories: ahead, within, and behind the main line of convection.   

Wallace and Hobbs (1977) emphasize that thermodynamics play an important role 
in our quantitative understanding of atmospheric phenomena.  Since mesoscale 
convective systems are influenced by thermodynamic instability and vertical wind shear, 
it was important to calculate several meteorological parameters to understand how the 
environment affects a MCS.  These parameters, convective inhibition (CIN), lifted index 
(LI), and vertical wind shear were calculated during the analysis and interpretation of the 
soundings.  Convective inhibition and lifted indices are measures of negative and positive 
buoyancy of hypothetically lifted near-surface air parcels, respectively. 

Buoyancy is an upward force on a parcel of air due to differences in density.  If a 
parcel’s temperature is warmer than the environments temperature there will be positive 
buoyancy and the parcel will accelerate upward; if the parcel is colder, then there is 
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negative buoyancy and it will accelerate downward.  Soundings help to assess the degree 
of buoyancy in an environment.   

CIN is a numerical estimate of negative buoyancy, defined as the maximum 
temperature deficit of a lifted parcel relative to the environment.  CIN is defined to be 
either positive if there is negative buoyancy potential, or zero if there is no inhibition to 
convection.  This value also provides insight on the structure of the planetary boundary 
layer (PBL), the bottom layer of the troposphere.  Typical values of CIN are 1-3C; large 
values of CIN within the sounding suggest deep convection is unlikely (COMET 2002).   

The LI is a numerical estimate of positive buoyancy in the mid-levels of 
convective environments.  It compares the parcel with the environment at 500 mb and is 
calculated as follows: 

Lifted Index = (Tenv-Tparcel)500 

 

Temperature of the environment at 500 mb minus the temperature of the parcel at 500 mb 
is the lifted index.  If the lifted parcel is cooler than the environment at 500 mb, the LI is 
positive, and the parcel will sink, due to negative buoyant conditions (COMET 2002).  If 
the lifted parcel is warmer than the environment at 500 mb, the LI is negative, and the 
parcel will rise, due to positive buoyant conditions (COMET 2003).  Table 3 shows the 
different values of LI and the thunderstorm potential associated with these values. 
 

Lifted Index Thunderstorm Potential 
> +2 No convective activity 

0 to +2 Showers probable, isolated thunderstorms possible 
-2 to 0 Thunderstorms probable 
-4 to –2 Severe thunderstorms possible 

<-4 Severe thunderstorms probable, tornados possible 

Table 1. This table corresponds the lifted index values to the thunderstorm potential  

Vertical wind shear affects the type, appearance, and behavior of convection.  
Vertical wind shear is the vector difference between the horizontal winds at 2 layers in 
the atmosphere.  When there is weak wind shear, the process of buoyancy is dominant 
within convective updrafts and downdrafts (COMET 2002).  The u and v components of 
the winds were calculated at 950 mb, 700 mb, and 500 mb.  To see how the wind varies 
between the deep and shallow layers, it is calculated as follows: 

V = 2
950500

2
950500 )()( vvuu   

3.  RESULTS AND DISCUSSION 

 During this research scatter plots were created and interpreted to examine the 
variability and local responses of the mesoscale convective system.   
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3.1 Lifted Index  

 The lifted indices were plotted versus the location of each dropsonde in the north-
south and east-west directions, at three levels within the atmosphere (700, 500, 300 mb).  
The north-south plots used dropsonde locations for all x and y, but the east-west plots 
only used values for y <0.  The y<0 restriction was used in order filter out the dropsonde 
not in the path of the MCS.  Figures 5 and 6 are the plots of the lifted indices. 

Lifted Index 700mb vs. North-South
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Figure 5. Plots of the Lifted Index at 700 mb. 

Lifted Index 500 mb vs. North-South
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Figure 6. Plots of the Lifted Index at 500 mb. 
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During the analysis of the lifted indices at 700 and 500 mb in the north-south direction, 
results suggest that the southern half of the MCS was more intense than the northern half 
(this area is found within the blue circle).  This is apparent because the LI values for y<0 
range from -1 to -5, which signifies that intense thunderstorms are possible.  In the east-
west direction for 700 and 500 mb, we found that there was a lot of variability and that 
the data exhibited no trend.  The range of the east-west LI values was from -5 to 3.  At 
500 mb, the lifted indices systematically increased toward the north, passing through zero 
at the northern terminus of the MCS.  This implies that the mesoscale environment is 
limiting the extent of the system (this is area is found within the black circle) rather than 
processes internal to the MCS. 
 
3.1.1 Convective Inhibition 

Convective inhibition was plotted versus the location of each dropsonde in the 
north-south and east-west directions.  The north-south plots used dropsonde locations for 
all x and y, but the east-west plots only used values for y <0.  Figure 7 is the plots of 
CIN. 
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Figure 7. Plots of convective inhibition in the north-south and east-west directions. . 

Usually when a convective system is getting closer to an area, it is thought the convective 
inhibition would get closer to 0. Our results show that the CIN does not get closer to 0 as 
the system gets closer. 

3.2 Reflectivity  

Time series of the maximum and contiguous reflectivites were examined for 
consistency with spatial variation of thermodynamic parameters diagnosed from the 
soundings.  Maximum reflectivities are the highest reflectivity values the radar sees 
within the column.  A reflectivity values was considered a contiguous reflectivity value if 
it was the same for 50 km. 
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Figure 8. Time series of the maximum reflectivities of the MCS. 

Continguous Reflectivity
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Figure 9. Time series of contiguous reflectivites of the MCS. 

At the beginning of the system, the northern and southern halves of the system had about 
the same maximum reflectivity values.  As the system progressed the intensity of the 
northern half weakened and the intensity of the southern half increased.  By the end of 
the system, the southern half was reaching reflectivity values of 55-60 dBz, while the 
northern system had values of 45 dBz.  As the rest of the results suggest, the southern 
half of the system was more severe than its northern counterpart. 

3.3 Wind Shear 

The vertical wind shear was plotted versus the location of each dropsonde in the 
north-south and east-west directions.  As mentioned before, the north-south plots used 
dropsonde locations for all x and y, but the east-west plots only used values for y <0.  
Figure 10 are the plots of vertical wind shear. 
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Wind Shear vs. North-South
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Figure 10. Plots of wind shear 950-500 mb in the north-south and east-west directions. 

Analysis of the wind shear of the 950-500 mb suggest that there is a lot of variability in 
both directions.  In the north-south direction the shear appears to increase toward the 
north.  Since there is so much variability it makes it difficult to identify environmental 
wind shear.  For example at -250 km, the wind shear in the north-south direction was 
about 10 ms-1, but around -200 km the wind shear was about 25 ms-1. 
 
3.5 Statistical Analysis 
 

Mean LI 700 mb LI 500 mb LI 300 mb CIN 
Wind Shear  
950-500 mb 

Ahead(14) -1.438 -2.813 -0.188 0.750 17.983 
Within(6) -0.500 0.167 0.167 2.167 17.035 
Behind(4) 0.000 1.500 4.667 2.500 16.386 

      

Standard Deviation LI 700 mb LI 500 mb LI 300 mb CIN 
Wind Shear  
950-500 mb 

Ahead(14) 2.397 2.429 3.005 0.750 14.604 
Within(6) 1.708 0.898 0.898 1.067 10.321 
Behind(4) 1.871 1.118 2.934 2.062 9.715 

Table 2. Statistical analysis of meteorological parameters 

In order to see the variability of the meteorological parameters a statistical 
analysis needed to be performed.  Each column in Table 2 is labeled by a different 
parameter and the left hand column is the different categories into which the dropsondes 
were stratified.  The number in the parentheses is the amount of dropsondes within that 
category.  I found that the standard deviations of lifted indices were typically either of the 
order or larger than the mean.  This level of uncertainty makes it difficult to distinguish 
between a severe and nonsevere case based on a classification such as appears in Table 1. 
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4. CONCLUSION 
 The analysis and interpretation of soundings from BAMEX IOP4, allowed us to 
investigate the thermodynamic environment of a mesoscale convective system.  As 
mentioned in the Introduction, we hoped to investigate the variability of the environment 
of a MCS and to examine the local responses the MCS has on the environment.   

Our findings suggest that there is a lot of variability between soundings.  This is 
important to note because it is evident that errors may occur when assessing an 
environment with a single sounding.  Results can be misleading if only one single is used 
to make characterize an environment. 

Locally, there tends to be distinct differences between the northern and southern 
halves of the system.  This was evident through the lifted indices and the maximum 
reflectivity values.  In the north-south direction, results suggest that the southern half was 
more intense than the northern half.  It was found that the environment had more affects 
on the system than the system having on the environment.  This was also evident through 
the meteorological parameters calculated.  There was a lot of variability found with the 
wind shear in the north-south and east-west directions of the MCS. 

In the future, it would be worthwhile to analyze the environments of the other 
missions of BAMEX to see if our findings were found in those cases. 
 
ACKNOWLEDGEMENTS 
I would like to extend a special thanks to my mentors Chris Davis and Nancy Wade for 
all their help on my project.  I appreciate the SOARS® staff and protégés for giving me 
the opportunity to participate in SOARS® for a second summer.  The National Center for 
Atmospheric Research’s MMM Division should be thanked for allowing me to use their 
resources to perform my research. 

SOARS 2004, Melissa A. Burt, 11 



SOARS 2004, Melissa A. Burt, 12 

References 
 
Ahrens, C. Donald, 2003: Meteorology Today. 7th ed. Brooks Cole, 544 pp. 
 
ATD, cited 2004: GPS Dropsonde. [Available online at 

http://www.atd.ucar.edu/rtf/facilities/dropsonde/gpsDropsonde.html] 

 

Brooks, Harold E., C.A. Doswell III., 1994: On the Environments of Tornadic and 
Nontornadic Mesocyclones. Wea. Forecasting, 9, 606-618. 

 
COMET, cited 2002: Principles of Convection I: Buoyancy and CAPE. [Available online 

at http://meted.ucar.edu/mesoprim/cape/.] 
 
Fritsch, J.M., R.J. Kane, C.R. Chelius, 1986: The Contribution of Mesoscale Convective 

Weather Systems to the Warm-Season Precipitation in the United States. J. 
Climate Appl. Meteor., 25, 1333-1345. 

 
Houze Jr., Robert A., 1993: Cloud Dynamics. Academic Press, 573 pp. 
 
JOSS, cited 2004: JOSS/BAMEX Field Catalog. [Available online at 

http://www.joss.ucar.edu/bamex/catalog/] 
 
Maddox, Robert A. 1983: Large-Scale Meteorological Conditions Associated with 

Midlatitude, Mesoscale Convective Complexes. Mon. Wea. Rev., 111, 1475–
1493. 

Wallace, John M., and P.V. Hobbs 1997: Atmospheric Science: An Introductory Survey. 
Academic Press, 467pp. 


	Investigating the Thermodynamic Environment of a Mesoscale Convective System
	Melissa A. Burt
	ABSTRACT



