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Introduction 
 
Thunderstorms can produce two polarities of cloud-to-ground (CG) lightning.  The more 
commonly observed ground flash is one in which negative charge is transferred from the 
thunderstorm to the ground and is classified as a negative cloud-to-ground flash (-CG).  Less 
common is the flash that transfers positive charge to ground (+CG).  Lightning climatologies 
indicate that the percentage of +CG flashes ranges from 2% to 10% over most of the United 
States and 5% to 10% in the Black Hills region specifically [Carey and Rutledge, 2003].  
However, significant deviations from these percentages have been observed with thunderstorms 
that ingest smoke from wildfires.  Studies suggest that the ingestion of biomass smoke from 
wildfires tends to increase the percentage of positive cloud-to-ground lightning. 
 
On August 26, 2000, a thunderstorm formed over the Jasper Fire that was burning in the Black 
Hills of South Dakota.  The smoke plume itself generated the thunderstorm by forming what is 
known as pyrocumulus.  Additional storms not associated with the Jasper Fire also formed in the 
evening and one in particular passed to the south of the Jasper Fire area.  This additional storm, 
which did not ingest smoke from the fire, provided an opportunity to compare CG lightning 
characteristics to the storm that formed over the fire.  The temporal and spatial proximity of 
these storms provides for a realistic comparison of two storms which developed in the same 
synoptic thermodynamic environment. 
 
Objective 
 
This project will utilize GIS to assess whether the storm influenced by the Jasper Fire exhibited 
anomalous CG lightning as compared to regional averages and to a nearby storm not influenced 
by the fire. 
 
List of Data 
 
§ National Lightning Detection Network (NLDN) cloud-to-ground lightning data for the 

universal dates 8/26/2000 and 8/27/2000.  This spatial data includes date, time, latitude, 
longitude, peak current and multiplicity of individual ground flashes observed by the 
network and is in comma-separated format. WGS 1984 (Vaisala, Inc.) 

§ Shapefiles of Black Hills fires for the year 2000. NAD 1927 UTM 13N (USFS) 
§ Shapefiles containing the state boundaries for the United States. NAD 1983 (SDSMT) 

 
 



Methology 
 

1) NLDN data was imported in to ArcGIS and converted to shapefile format. 
2) NLDN data was displayed to show CG location and polarity with respect to the Jasper 

Fire and state boundaries during the time of interest.  The data frame coordinate system 
was set to WGS 84 UTM 13N since the NLDN data's original coordinate system was 
WGS 84.  Like the NLDN data, the state and Jasper Fire shapefiles were left in their 
original coordinate systems before being brought into the data frame and were, therefore, 
allowed to be projected on the fly to WGS 84 UTM 13N. 

3) CG flashes from the two different storms were isolated using Select by Graphics. 
4) Storm A was identified as the storm influenced by the Jasper Fire and Storm B was 

identified as the storm that developed and passed south of the fire. 
5) A separate layer was created which included only those flashes from both storms. 
6) Additional fields were created and calculated in preparation for summarization of 

attribute tables. 
a) A Polarity text field was created and calculated based on peak current to assign a P 

(positive) or N (negative) for each flash.  This allowed the Summarize function to be 
based on this field. 

b) An Absolute Value of the Peak Current numeric field was created and calculated 
since peak current data in original data format is negative for -CG flashes. 

7) Flashes for each storm were isolated using Select by Graphics and a separate layer was 
created for each storm. 

8)  Summarize was performed on each storm individually based on the Polarity and the 
following statistics were calculated: 
 
a) Total number of CG flashes 
b) Number of +CG and -CG flashes 
c) Percentage of +CG flashes to total flashes 
d) Peak current minimum, maximum, average and standard deviation of +CG and  

-CG flashes 
e) Multiplicity minimum, maximum, average and standard deviation of +CG and 

-CG flashes 
 

9) Comparisons were made between the individual storms and regional averages.  (See 
Results) 

 
Results & Discussion 
 
Analysis of the summary statistics calculated by the Summarize function indicated that Storm A 
did exhibit anomalous lightning characteristics when compared to Storm B and regional 
averages.  Table 1 contains summary statistics for each storm and the two storms combined. 
 
Storm A exhibited a +CG flash percentage of 48% which is well above the regional average of 
5% - 10%.  Storm B exhibited a +CG flash percentage of 5%, consistent with regional averages.  
The most likely explanation for this unusually high +CG flash percentage is influence by 
biomass smoke from the Jasper Fire.  Both storms formed in a similar synoptic thermodynamic 



environment and their temporal difference (few hours) was most likely insignificant.  Other 
statistics were as expected for both storms.  Studies have shown that peak currents tend to be 
higher with +CG flashes and this was the case for both storms.  In addition, +CG flashes tend to 
exhibit less multiplicity than -CG and this was the case for both storms.  One interesting 
observation is the average peak current exhibited by each storm.  The average peak current for -
CG flashes was very similar in both storms (17.3 kA and 16.2 kA for Storm A and Storm B 
respectively).  However, the average peak current for Storm A was 36.4 kA as compared to 59.5 
kA for Storm B.  This may be simply due to the increased number of +CG flashes produced by 
Storm A (43) as compared to Storm B (10); broader peak current spectrum created by a larger 
number of flashes. 
 

Polarity Flashes
Min Max Average Standard Dev Min Max Average Standard Dev

Neg 46 6.4 44.3 17.3 9.5 1 5 1.3 0.8
Pos 43 8.5 109.8 36.4 19.7 1 1 1.0 0.0
Both 89 6.4 109.8 26.5 17.9 1 5 1.2 0.6

% Pos 48%

Polarity Flashes
Min Max Average Standard Dev Min Max Average Standard Dev

Neg 193 7.5 33.7 16.2 5.1 1 9 1.9 1.4
Pos 10 23.1 88.4 59.5 24.7 1 2 1.2 0.4
Both 203 7.5 88.4 18.3 11.8 1 9 1.9 1.3

% Pos 5%

Polarity Flashes
Min Max Average Standard Dev Min Max Average Standard Dev

Neg 239 6.4 44.3 16.4 6.2 1 9 1.8 1.3
Pos 53 8.5 109.8 40.8 22.4 1 2 1.0 0.2
Both 292 6.4 109.8 20.8 14.4 1 9 1.7 1.2

% Pos 18%

Peak Current (kA) Multiplicity

Combined Storms
Peak Current (kA) Multiplicity

Peak Current (kA) Multiplicity
Storm A

Storm B

 
 

Table 1 - Summary of flash characteristics from Storm A and Storm B and the two 
storms combined. 

 
Conclusion 
 
ArcGIS proved to be a viable platform for the analysis of lightning ground flash data.  As a 
result, this project was successful in evaluating the Jasper Fire's influence on lightning activity.  
Lessons learned involved the evaluation and handling of time since it was originally provided in 
text format.  I converted it to numeric format (hhmmss.sss) in Microsoft Access and created 
another field which contained only seconds format (ss.sss) using MathCad.  Another lesson 
learned was to create a text field for polarity which allowed for summarization by polarization.  
Other case studies could (and should) be accomplished using ArcGIS (i.e. forensic evaluation of 
lightning related damage, injury, and insurance claims).  I intend on continuing to evaluate 
ArcGIS as a tool for the creation and analysis of a regional lightning climatology. 
 



Documentation 
 
Data File Format Original 

Coordinate System 
Data Frame 
Coordinate System 

National Lightning Detection Network  
Year 2000 bounded by 
N46, N42, W106, W101 

Comma-separated text 
file converted to 
ArcGIS shapefile 

WGS 84 WGS 84 UTM 13N 

Black Hills fire history ArcGIS shapefile NAD 1927 UTM 13N WGS 84 UTM 13N 
United States ArcGIS shapefile NAD 1983 WGS 84 UTM 13N 
 
References 
 
Carey, L. D., and S. A. Rutledge, Characteristics of cloud-to-ground lightning in severe and 

nonsevere storms over the central United States from 1989–1998, J. Geophys. Res., 
108(D15), 4483, doi:10.1029/2002JD002951, 2003. 

 




