
S128 The Structure and Evolution of Tropical Cyclones  
in the North Atlantic Ocean Basin 

 
Ajay Raghavendra * 

Embry-Riddle Aeronautical University                                                                                                                                                                
Daytona Beach, Florida 

 

 

_______________________________________________ 
 
* Corresponding author address:                                                                                                                                                                 
Ajay Raghavendra, Embry-Riddle Aeronautical University,                                                                                                                          
ERAU Box 145727, 600 S. Clyde Morris Blvd.,                                                                                                                                          
Daytona Beach, FL 32114-3977;                                                                                                                                                                                      
e-mail: ajay.raghavendra@erau.edu  
 

 1. Introduction  
 Tropical cyclones are a diverse 
phenomenon coming in many shapes, sizes and 
strengths. From an operational standpoint, when a 
tropical cyclone threatens an area, a thorough 
understanding of a tropical cyclone’s windfield is 
necessary for the safe evacuation of people and 
movable property (e.g. Barry and Guinn, 2012). 
Our research is aimed at analyzing tropical 
cyclone structure and its structural variation in 
the North Atlantic Ocean. Using the Extended Best 
Track (EBT) dataset we have documented the size, 
shape, and seasonal and geographical variation of 
the wind field associated with tropical cyclones. 
Wind fields associated with speeds greater than 
17 ms-1 (tropical storm force), 25 ms-1 (Gale force), 
and 33 ms-1 (hurricane force) were examined. 
 
2. Method  
 Version 2.01 - Feb 2012 of the EBT was 
used for our study.   Prior to conducting any 
analysis, quality control (QC) was performed on 
this data set.  Inconsistent data such as records 
containing observations of the pressure of the 
outer closed isobar being less than the minimum 
central pressure were eliminated.  Records with 
observations over land were also eliminated. The 
raw EBT file contained 10860 records (6-hourly 
observations) of which 9742 remained after QC.  
 
 Using Microsoft Excel and MATLAB 
(Matrix Laboratory) statistical analyses were 
conducted on the areal extent of the wind fields 
associated with tropical storm force winds, gale 
force winds and hurricane force winds.  These 
statistics included the distribution with quartiles 
and the average and median values. This was done 
for the entire dataset.  In addition these statistics 
were derived on a monthly basis and for selected 
geographic areas. See Figure 1 for the geographic 
regions.  

  
The area of the relevant wind field of a 

tropical cyclone was approximated by the sum of 
the areas of the four quarter circles (See Appendix 
Equation 1). Unlike in Kimball and Mulekar 
(2004) where the outer-wind radii for each 
quadrant of the storm was averaged to obtain a 
single value to represent storm size, we have 
calculated areas by quadrant and summed those 
values to obtain a representative size. In addition, 
a normalization technique was incorporated for 
the representation of storm size. For 
normalization, the area of the storm was divided 
by the area of 1o X 1o latitude-longitude grid box 
centered at the 15o latitude. This yields a 
dimensionless depiction of area in terms of a 
latitude-longitude grid box.  
 

Using the four wind radii, we were able to 
derive a dimensionless quantity to understand the 
symmetry of the windfield structure of the 
tropical cyclone as well. The asymmetry index was 
obtained by calculating the standard deviation 
between the 4 estimates of the windfield radius 
for each quadrant of the storm and then dividing 
by the average radius of the storm. The result of 
the asymmetry calculation is a value between 0 
and 2. Zero implies a symmetric windfield 
structure and, two implies an asymmetric 
windfield structure (See Appendix Equation 2). 
The storm asymmetry was calculated for all three 
wind field estimates (i.e., 17, 25 and, 33 ms-

1 winds). 
 

 
3. Results 
 

Table 1 shows the statistical distribution 
of storm area for the entire dataset over water in 
the North Atlantic Ocean. The results show a wide 
distribution of storm sizes similar to previously 
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conducted research (Merrill 1984). Specifically, 
the wind field associated with tropical storm force 
winds range from 763485.6 Km2 down to 157.1 
Km2; three orders of magnitude difference.  For 
the wind field associated with hurricane force 
winds, the range is 74534.3 Km2 to 78.5 Km2; also 
three orders of magnitude difference.  These 
results are also shown graphically in Figure 2.  

 
Table 2 lists the 5 largest and smallest 

tropical cyclones recorded in the data set. For this 
analysis, only the observation showing the 
maximum tropical storm force wind area during 
each storm’s recorded existence was considered. 
Based on the tropical storm force winds, the 
largest storm recorded was Tropical Storm Rafael 
(2012) with an estimated storm force wind area of 
763485.6 km2 and smallest storm recorded was 
Tropical Storm Karl (2010) with an estimated 
storm force wind area of 157 km2. It is interesting 
to note that all storms in this table lie between 
2001-2012 and, all but 1 tropical cyclone lie 
between 2007-2012. This may be attributed to the 
recent improvements in observing technology 
such as QuikSCAT and ASCAT aiding in early 
recognition of tropical cyclones and overall size 
determination. However, this may also be due to 
an increase in range of tropical cyclone size over 
the years.       

 
Table 3 shows the statistical distribution 

of the tropical cyclone areal windfield by month 
from June to November. The month of September 
displays maximum storm activity (i.e., the greatest 
number of tropical cyclone events).  However, 
based on median size, the largest storms occur in 
November. This however is likely due to earlier 
extratropical transition of the tropical cyclones 
due to the southward movement of the baroclinic 
environment during the winter months. A 
secondary maximum occurs in September 
coincident with the month of maximum activity. 
We also observe a significant decrease in the 
values for area of hurricane force winds in 
November when compared to September. These 
results are also shown graphically in Figure 3a, 3b 
and 3c.  

 
Table 4 show the statistical distribution of 

the tropical cyclone areal windfield by 
geographical area. Tropical cyclones are 
significantly larger in the North Atlantic sector 

and smallest in the Caribbean sector. This is 
probably due to extratropical transition acting on 
the storm system as it moves northward into a 
baroclinic region.    

 
Table 5 indicates that most tropical 

cyclones display a symmetric structure for each 
wind field with the median values of the 
asymmetry index being 0.31, 0.28 and 0.13 for the 
17, 25 and 33 ms-1 wind fields respectively. It is 
interesting to note that in the analysis of the entire 
data set, the 17 ms-1 windfield indicates the most 
asymmetry however, in the analysis of the subset 
containing tropical cyclones with wind speeds 
greater than 33 ms-1 (presented in Table 6), the 17 
ms-1 windfield is more symmetrical that the 33 
ms-1 windfield. This tells us that the windfield 
structure for the tropical storm force winds tends 
to be symmetric for a hurricane. These results are 
also shown graphically in Figure 5 and Figure 6. 

 
Table 7 shows the statistical distribution 

of the tropical cyclone windfield asymmetry by 
month. We observe that the median storm 
symmetry for the tropical storm force winds 
increases as we approach the month of maximum 
storm activity and then decreases. We also 
observe an increase in the median hurricane wind 
field asymmetry for the month of July and 
maximum symmetry for the month of November. 
This is of interest since we are aware that a 
baroclinic environment results in higher storm 
asymmetry.  

 
Table 8 show the statistical distribution of 

the tropical cyclone windfield asymmetry by 
geographical area.  The median value of storm 
asymmetry is highest in the North Atlantic sector 
and least in the South Atlantic sector. This is likely 
due to the low shear barotropic environment 
necessary for tropical cyclogenesis in the southern 
hemisphere and, extra tropical transition near the 
mid-latitudes leading to higher windfield 
asymmetry in the northern hemisphere. When we 
study the average storm asymmetry, we observe 
that tropical storm force winds are significantly 
more symmetric in the South Atlantic Sector. 
 
4. Summary and Conclusions 

Though the EBT is a relatively coarse data 
set, we were able to understand many aspects 
regarding the structure and evolution of tropical 
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cyclones. We show that tropical cyclones show a 
broad range in size constant with other studies of 
this nature. Storms are largest in the month of 
November; however, we see a secondary 
maximum during September coincident with the 
month of maximum storm activity.  

 
The data available in the EBT contains a 

wealth of information from a research standpoint 
(e.g. we have derived many parameters such as 
storm position velocity). Since this project 
stemmed from the necessity to understand the 
tropical cyclone wind field structure and behavior 
of tropical cyclones for forecasting and evacuation 
of people and movable property prior to landfall 
(Barry, 2008), we plan to conduct multiple 
individual storm analyses to further our 
understanding  of tropical cyclone wind field 
structure and storm track.  
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Table 1: Statistics of the areal wind field for the 17 ms-1, 25 ms-1, 33 ms-1 winds for the entire dataset. 
 
 

Statistics on Storm Area 
  Values in Sq. Km and 1o X 1o Lat-Lon grid box 
  17 m/s 25 m/s 33 m/s 
MAXIMUM 763485.6 61.85 345025.4 27.95 74534.3 6.04 
90th Percentile 117342.4 9.51 42301.5 3.43 16081.0 1.30 
75th Percentile 61850.1 5.01 19635.0 1.59 8344.9 0.68 
MEDIAN 29452.4 2.39 8580.5 0.70 2827.4 0.23 
25th Percentile 12900.2 1.05 3936.8 0.32 1433.4 0.12 
10th Percentile 6041.7 0.49 1649.3 0.13 785.4 0.06 
MINIMUM 157.1 0.01 39.3 0.00 78.5 0.01 
    
MEAN 51330.7 4.16 16664.8 1.35 6351.1 0.51 
STD. DEV 65975.7 5.35 21763.2 1.76 7848.3 0.64 
NO. OF RECORDS 6628 4198 2631 

 
 

 
 

 
Table 2: List of the 5 smallest and largest unique tropical storm records. 

 

Storm Name Area of 17 m/s windfield 
Values in Sq.Km   

RAFAEL (20-OCT-2012 00Z) 763485.6 

Largest 
Storm 

Record. 

OLGA (25-NOV-2001 18Z) 479249.9 
SANDY (30-OCT2012 00Z) 506581.8 
IGOR (23-SEP-2010 00Z) 587949.0 

NOEL (03-NOV-2007 12Z) 591012.1 

   
MARCO (07-OCT-2008 12Z) 2827.3 

Smallest 
Storm 

Record. 

GASTON (01-SEP-2010 18Z) 3848.3 
ALBERTO (20-MAY-2012 18Z) 5105.0 

PATTY (12-OCT-2012 00Z) 5497.7 
HELENE (17-AUG-2012 18Z) 1413.7 
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Table 5: Degree of Asymmetry within the 17, 25, 33 ms-1 windfields for the entire data set. 

 

Statistics on Storm Asymmetry 
  17 m/s 25 m/s 33 m/s 
MAXIMUM 2 2 2 
90th Percentile 1.155 1.155 1.155 
75th Percentile 0.667 0.667 0.603 
MEDIAN 0.315 0.286 0.231 
25th Percentile 0.167 0.128 0.000 
10th Percentile 0.056 0.000 0.000 
MINIMUM 0.000 0.000 0.000 
        
MEAN 0.465 0.471 0.407 
STD. DEV 0.445 0.522 0.493 
NO. OF RECORDS 6968 4358 2709 

 

 

 

 

Table 6: Degree of Asymmetry within the 17, 25, 33 ms-1 windfields for the subset of the  
…………...records containing a windfield greater than 33 ms-1.    

 

Statistics on Storm Asymmetry (Winds greater than 33 m/s) 
  17 m/s 25 m/s 33 m/s 
MAXIMUM 0.861 2 2 
90th Percentile 0.409 0.524 1.154 
75th Percentile 0.303 0.348 0.577 
MEDIAN 0.220 0.225 0.230 
25th Percentile 0.133 0.104 0 
10th Percentile 0.057142857 0 0 
MINIMUM 0 0 0 
        
MEAN 0.229 0.254 0.398 
STD. DEV 0.143 0.241 0.485 
NO. OF RECORDS 2631 2631 2631 

 

Administrator
Typewritten Text
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Administrator
Typewritten Text
142857
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Figure 1 Map depicting the division of areas for the geographical analysis of tropical cyclones in 
…………….the Atlantic basin. 

 

 

 

Figure 2: Statistics of the areal wind field for the 17 ms-1, 25 ms-1, 33 ms-1 winds for the entire dataset. 
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Figure 3 a, b and c Seasonal variation of storm area 
 

 

 

 

a. 

b. 

c. 
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Figure 4: Asymmetry counts within the 17, 25, 33 ms-1 windfields for the entire data set. 
 

 
 
 
 

Figure 5: Asymmetry counts within the 17, 25, 33 ms-1 windfields for the subset of the records                  
……… containing a windfield greater than 33 ms-1. 
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APPENDEX 
 
 
The following technique was used to calculate the area and asymmetry of a wind field for a tropical 
cyclone. 
 
Example: Area and asymmetry for the 17 ms-1 wind field  is given by  
 

1. 𝐴𝑟𝑒𝑎17 𝑚/𝑠 =   𝜋(𝑁𝐸172 +𝑆𝐸17 
2 +𝑆𝑊17

2 +𝑁𝑊17
2 ) 

4
 

 

2. 𝐴𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦17 𝑚/𝑠 =   𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛(𝑁𝐸17,𝑆𝐸17 ,𝑆𝑊17,𝑁𝑊17) 
𝐴𝑣𝑒𝑟𝑔𝑎𝑒(𝑁𝐸17,𝑆𝐸17 ,𝑆𝑊17,𝑁𝑊17)
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