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Intensity: TC Shapes and Rain Rates 

Rainband structures 
(Willoughby et al. 1984) 

E.g., Rao and Macarthur 1994; Rodgers and Pierce 1995; Velden et al. 1998; Cerveny and 
Newman 2000; Lonfat et al. 2004; Cecil et al. 2005; Matyas 2007; Shepherd et al. 2007 

TC intensity analysis using 
satellites (Dvorak 1975) 

Radar reflectivity 
(Parrish et al. 1982) 



Geographers Measure Space 

Spatial Attributes: Location, symmetry, 
area, compactness, smoothness 

 

 

 

E.g., Boyce and Clark 1964; Lee and Sallee 1970; Frolov 
1975; Wentz 2000; Williams and Wentz 2008; Li et al. 
2014 

Applications to tropical cyclones 
• Intensity 
• Vertical wind shear 
• Dry air entrainment 

Dispersion about centroid 
(MacEachren 1985)  



Previous Work 

• Level III Base Reflectivity Data 
• Calculate measures of geometry 
• Relate rain field shapes to environmental conditions 

Matyas (2008)  
Meteorological Applications 

Matyas (2007)  
Professional Geographer 

• TRMM 3B42 
• 5 mm/hr areas 
• Florida landfalls 
• Largest areas:  
ET conditions and 
intensity 

Matyas (2014)  
Physical Geography 



Research Goals 

Expand upon Matyas’ (2014) TRMM analysis by  

• Examine additional rain rate thresholds 

• Omitting ET influence 

• Calculating additional spatial metrics  

• Examining entire TC lifecycle 

 

 

 



Data 

• 985 TRMM observations   June – October 2000-2012 

• Formation: Atlantic Ocean, Caribbean Sea, Gulf of Mexico 

• Landfall: Mexico 

• No extratropical storms 

Hurricane 
Tropical Storm 
Tropical Depression 

• HURDAT2 
• SHIPS (DeMaria et al. 2005) 
• TRMM 3B42 (V7) (Huffman et 

al. 2007) 



GIS Analysis Example: Dean 2007 

Polygons  
bounded by 
2.5 mm/hr 
5.0 mm/hr 
7.5 mm/hr 

Rain Rates  
(mm/hr) 



Area Results: Intensity 

• Atlantic and Caribbean formation regions 

• Spearman’s Rank correlation coefficients 0.425 -0.620 

• Peak in intensity and rainfall area 1-24 h before 
landfall Atlantic, 49-72 h Caribbean 



Area Results: Moisture 

• Gulf formation region – highest correlation 

• Some association: Atl and Carib regions 

• SR Corr Coef: 0.330-0.599 with RH 850-700 hPa, 700-500 
hPa, and 500-300 hPa 

E.g., Rodgers et al. 1994; Jiang et al. 2008; Hill and Lackmann 2009; Konrad and Perry 2010; 
Matyas 2010, 2013 



Convex Hull: Location, Symmetry, Compactness 

Hull Centroid 
Hurricane Center 
Trop St Center 
Convex Hull Perimeter 
2.5 mm/hr Perimeter 

Aug. 15 12 UTC Aug. 21 09 UTC 

323 km 
234° 
0.41 

94 km 
117° 
0.77 

Centroid Distance 
Centroid Direction 
Convex Hull MMR 



Dean’s Center vs Convex Hull Centroid 

Spearman’s Rank correlation coefficents also above 0.500 for  
Hull distance vs.  low-level RH, storm speed, 850 hPa vorticity 
Hull bearing vs. motion speed/ direction, shear speed/direction, 850 hPa vorticity 

Intensity is 
important 
but is not 
the only 
factor! 



Conclusions and Future Research 

• Shape metrics adequately represent relationship 
between TC rainbands and environmental 
conditions 

• Intensity and moisture are key for raining areas 
• Shear and storm motion important for centroid 

location/distance but not area 
 

• Future work:  
– Incorporate results from shape metric calculations into 

predictive model for TC rainfall (e.g., TRaP) 
– Examine moisture budgets and storm structure in NARR/ 

compare with TRMM (Zick and Matyas, in preparation) 
– Quantify rainband spatial patterns over land using WSR-88D 

data (Tang and Matyas, in preparation) 
 

 
Contact: matyas@ufl.edu 
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