
The Effect of Urban Environments on Storm 
Evolution Through a Radar-Based Climatology of the 

Central United States 
Darrel M. Kingfield1,2,3, Kristin M. Calhoun1,2, Kirsten de Beurs3, Geoffrey Henebry4 

 

1Cooperative Institute for Mesoscale Meteorological Studies (CIMMS) , USA 
2NOAA/OAR/National Severe Storms Laboratory (NSSL), USA 

3Dept. Of Geography & Environmental Sustainability, Univ. of Oklahoma, USA 
4 Geospatial Sciences Center for Excellence, South Dakota State Univ., USA 

 

NASA Interdisciplinary Science Program Project NNX12AM89G 
“Storms, Forms, and Complexity of the Urban Canopy: How Land Use, Settlement Patterns, 

and the Shapes of Cities Influence Severe Weather” 



Motivation 
• Several past studies have 

shown urban region 
modifications on 
thunderstorm dynamics  

– Single or dual-radar 
analyses 

 

 

 

 

Objective: Observe and 
explore the modification of 
supercell storms by urban 
environments in multiple 
cities and years. 
• Supercells: 97% of 

fatalities, 92% of damage 
• Automated multi-year, 

multi-radar analysis 
• Four cities of varying 

size/shape in the Central 
USA 
– Central city corridor with 

surrounding agriculture 
• Dallas-Fort Worth, TX 
• Minneapolis, MN 
• Oklahoma City, OK 
• Omaha, NE 

 

Supercell initiation east of Dallas-Fort Worth, TX, USA 
27 April 2014 

Minneapolis, MN 

Omaha, NE 

Oklahoma City, OK 

Dallas-Fort Worth, TX 



Case & Storm Selection 
• United States storm-typing 

database (Smith et al. 2012) 
 

• Over 25K “significant severe” 
events 
– > 5cm hail, > 65kt wind, 

tornado 

• 200x200km study domain 
– +/- one convective day (12z – 

12z) 

– 2006 - 2013 
Urban Domain Number of Case Dates 

Minneapolis, MN 215 

Omaha, NE 304 

Oklahoma City, OK 392 

Dallas-Fort Worth, TX 365 

Significant severe events over 
Dallas-Fort Worth from 2006-2013 1276 case days 



Data 
NEXRAD Radar  

Network 

Model Data 

National Lightning Detection 
Network (NLDN) 

2,424,252 volumes of radar data 
20.7 years of processing time 

1,850,886 minutes of lightning data 

31,653 hours of model data 

Urban Domain Number of Radars 

Minneapolis, MN 12 

Omaha, NE 12 

Oklahoma City, OK 15 

Dallas-Fort Worth, TX 17 



Methods 
• Warning Decision Support System 

– Integrated Information (WDSS-
II) 

 

Procedure 
1. Ingest & quality control single                    

radar moments 
– Reflectivity – Neural Network 
– Velocity – Dealias & AzShear 
 

2. Merge single-radar fields into  
3D Cartesian cube 
– At least 1km/1 min. spatiotemporal 

resolution 
– 33 vertical levels 
 

3. Automated storm-typing and 
tracking  track storm 
objects/attributes 
– Did supercell interact with urban 

environment? 

 

Single Radar Input 

Multi-Radar Cube 

Decision Tree 

Algorithm Output 



Spatiotemporal Frequency of 
Supercells (2006 – 2013) 

Urban Domain # of 
Supercells 

# (%) of City 
Interactions 

Dallas-Fort 
Worth, TX 
(6006 km2) 

1516 417 (27.5%) 

Minneapolis, 
MN 

(2997 km2) 

840 251 (29.9%) 

Oklahoma 
City, OK 

(1284 km2) 

1656 286 (17.3%) 

Omaha, NE 
(810 km2) 

1218 217 (17.8%) 

• 22.4% of all storms 
interacted with urban 
environment 

• Supercells most prevalent 
in late afternoon/evening 
hours (20 – 05 UTC) 

Peak Hours 

Total:  5230 1171 



Supercell Initiation Locations 
Dallas-Fort Worth, TX 

417 Urban 
Interactions 

215 initiations in 
urban dome 

(51.5%) 

202 initiations 
outside urban dome 

(48.5%) 

127 died in urban 
dome 

(59.1%) 

129 died in urban 
dome 

(63.9%) 

88 died outside 
urban dome 

(40.9%) 

73 died outside 
urban dome 

(36.1%) 
• 61.3% of supercell deaths occurred 

within the limits of the urban dome 



Other City Initiation Statistics 
Minneapolis, MN Oklahoma City, OK Omaha, NE 

217 Urban Interactions 
 
34.5% Urban Dome 
Initiation 
 
47.9% Killed in Urban 
Dome 

286 Urban Interactions 
 
41.3% Urban Dome 
Initiation 
 
44.4% Killed in Urban 
Dome 

251 Urban Interactions 
 
37.8% Urban Dome 
Initiation 
 
59.7% Killed in Urban 
Dome 



Supercell Lifetime 

Domain 
 

Minneapolis, 
MN 

Omaha, NE 

Oklahoma 
City, OK 

Dallas-Fort 
Worth, TX 

• Mean storm lifetime for supercells interacting with the urban 
dome is higher. Statistically significant at 99% CI except Omaha 

• However, where a supercell forms is critical 

• Supercells forming within the urban dome had lower mean 
lifetimes over supercells forming outside the urban dome 

No Urban Dome 
Interaction 

Urban Dome 
Interaction 

70.7 min. 
 

83.6 min. 

69.8 min. 71.2 min. 

81.3 min. 
 

96.7 min. 

87.6 min. 
 

103.9 min. 

Initiation Inside 
Urban Dome 

Initiation Outside 
Urban Dome 

61.6 min. 
 

95.2 min. 

43.7 min. 85.0 min. 

65.5 min. 
 

117.6 min 

81.6 min. 
 

127.3 min. 

Two-Sample Permutation Test 
 

P = 0.006 
Reject null at 99% CI 

P = 0.68; Fail to reject null 

P < 0.001 
Reject null at 99% CI 

P < 0.001 
Reject null at 99% CI 



Radar-Derived Metrics for Storm Intensity 
• 34 radar-derived/other storm attributes tracked each 

minute 

 

• Storms were sampled every 10 min. to mitigate correlation 
between successive observations 

 

• Three metrics shown: 
– Maximum Expected Size of Hail (MESH) 

• Thermally weighted integration of reflectivity (> 40 dBZ) from the 
melting level to storm top 

– Composite Reflectivity Size > 40 dBZ 
• Total area [km2] of the 40 dBZ pixels in the tracked feature 

– Cloud-to-Ground (CG) Lightning Density 
• Density of CG strikes in a 1km x 1km spatial by 1 min. temporal domain 



Storm Intensity Metric: MESH 
Dallas-Fort Worth, TX & 

Omaha, NE 
– Decline in MESH on city 

interacting trajectories ~ 1 
mm 
• Omaha differences 

statistically significant at 
95% CI 

 

Minneapolis, MN & 
Oklahoma City, OK 

– Slight increase in mean 
MESH; 0.1 mm 

 

 

City No City 

Dallas-Fort Worth, TX 

Dallas-Fort Worth, TX Minneapolis, MN Oklahoma City, OK Omaha, NE 

-0.94 mm +0.1 mm +0.11 mm -1.17 mm 



Storm Intensity Metric: Area of Composite Reflectivity 
> 40 dBZ 

Dallas-Fort Worth, TX, 
Omaha, NE, 

Minneapolis, MN 
– City interacting  

trajectories had a higher 
overall area > 40 dBZ 

 

Oklahoma City, OK 
– Opposite effect 

– Dryline forcing, early CI? 

 

City No City 

Dallas-Fort Worth, TX 

Dallas-Fort Worth, TX Minneapolis, MN Oklahoma City, OK Omaha, NE 

+132.5 km2 +102.2 km2 -38.9 km2 +82.3 km2 



Storm Intensity Metric: CG Lightning Density 

Dallas-Fort Worth, TX, 
Omaha, NE,  

Minneapolis, MN 

– Higher mean CG density in 
storms that interact with 
the city 

 

Oklahoma City, OK 

– Lower mean CG density in 
storms that interact with 
the city 
• Lack of tall structures? 

 
City No City 

Dallas-Fort Worth, TX 

Dallas-Fort 
Worth, TX 

Oklahoma 
City, OK 

Omaha, NE Minneapolis, 
MN 

+2.8 min-1km2 -0.9 min-1km2 +1.0 min-1km2 +0.9 min-1km2 



Summary 
• 5,230 supercells tracked across 1,276 convective days from 2006-

2013 
• Storm Lifetime Analysis 

– At least 33% of storms initiated within the urban dome 
• Larger cities had more in-dome initiations and subsequent deaths 

 

– At least 50% of storms formed outside urban dome end within 
urban dome 
• The remainder of these storms had the longest lead times 

• Radar-derived Metrics 
– Variable magnitude of difference depending on the metric 

chosen 
– Largest & smallest cities showed similar trends in MESH, 

composite area, and CG densities 
– No single metric showed significant trend across all cities 
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