
WWLLN: network status and 
science research at UW 

By: Robert Holzworth and  
Michael Hutchins, UW/ESS 

Sept 21, 2012 

Contact: mlhutch@uw.edu 
bobholz@ess.washington.edu 



                   
 
                    Outline: 
 
WWLLN Lightning Climatology 
Global Comparison to LIS/OTD 
ENTLN Comparison for 2011 
New: Energy/stroke 
New: Hourly Global Detection Efficiency 
Winter Cold Air Outbreaks, N. Pacific 
Lightning Asimilation into WRF 
 
 
 



Lightning Climatology using 
4 years WWLLN data 
See http://wwlln.net/climate/ 

Presenter
Presentation Notes
Lets start out with some pretty movies of mean annual lightning climatology and the variations as a function of UT hour.  Here we see a couple examples.  On the right we have summer data from South America. And on the left (click Africa) we see the mean annual UT variations of lightning over Africa.  These plots include 4 years of WWLLN data (08 -11).



Ratio of LIS/OTD to WWLLN strokes, scaled by 
the mean of each dataset  

Figure 2. of Virts et al, 2012 
  

 

Presenter
Presentation Notes
In a recent paper by Virts, et al (2012) (Katrina Virts is a grad student of Mike Wallace, UW Atmospheric Sciences dept.) she did a global comparison with the NASA global lightning data from OTD and LIS.  In that report she took the ratio of the number of strokes, scaled to the mean of each data set (WWLLN or OTD/LIS) and noted this general feature.  This plot shows that the relative number of lightning strokes seen by WWLLN over the oceans, as a fraction of the mean density, exceeds that of the LIS/OTD data set for all the oceans.  Since WWLLN is biased towards the more energetic strokes, that there may be relatively more higher energy strokes over the oceans, than over the continents.



WWLLN status   Sept 2012: 
http://wwlln.net 

 
• 66 WWLLN stations (up from 55 this time last year 
• Continuous data since August 2004 
• Detection Efficiency >50% for CG strokes >40kA  

(>15% all CG strokes) 
• Highest Relative DE over the oceans 
• Median Location accuracy 3 km 
• Timing accuracy ± 16 µs 
• >23 peer-reviewed publications since 2010 using WWLLN 

data (see wwlln.net/publications) 
 
 

Presenter
Presentation Notes
Technically, the WWLLN network has continued to expand.  Our detection efficiency has improved by 50% from the 2010 UCLA report.   



ENTLN 

WWLLN 

We did a direct 
comparison 
for a whole year 
in the CONUS 
between ENTLN 
and WWLLN 
 
These are the 
density plots of 
each data set 
separately 

Presenter
Presentation Notes
Turning now to a direct comparison with Earth Networks ENTLN data in the CONUS, we did a study
Using 1 full year of WWLLN and ENTLN data for 2011.  The data sets have similar density plots individually, while in places we see that ENTLN detects up to an order of magnitude more strokes than WWLLN.



2x10^7 matches between ENTLN and WWLLN in 2011 

Presenter
Presentation Notes
We used a subset of these data sets which had exact matches in time and space to obtain a
data set with 10 million locations for a study of the accuracy of the WWLLN data set, assuming ENTLN was
perfect.



Presenter
Presentation Notes
The result of this comparison in 2011 is that the most likely WWLLN location error was about 3 km from the ENTLN stroke location.  Timing differences between the two data sets were on the order of 10 to 15 microseconds.



New Capabilities: 
 

Energy per stroke 
 (now available from April 2009) 

 
 

WWLLN Relative Detection Efficiency  
every hour (5ox5o or 1ox1o global grid)  

 
 



Presenter
Presentation Notes
Emphasize these are actual data histograms, not models.  Africa average energy is higher because
WWLLN is less sensitive over Africa, so it takes a slightly stronger stroke to be located.



Relative detection efficiency map for 
 15 May 2012 

 



Comparison 
  

Raw 
WWLLN 
densities 

(top),  
 
 
 

Relative DE 
corrected 
(bottom) 



WWLLN uses in Meteorological 
Forecasting: 

 
Winter Cold Air outbreaks over N. Pacific, 
comma clouds  
    (see McMurdie et al, AMS meeting Jan 2013) 

 
Lightning assimilation into WRF prediction 
model  
      (preliminary results from Cliff Mass, et al) 



Example of a Cold Air outbreak over the 
North Pacific Ocean  20 Jan 2010 

Cloud Streets 

Open-Cell Convection 

Organized 
Convection and 
Comma Clouds 



Lightning as a precursor to Upper-level trough 
amplification 

Lightning appears before upper 
level trough amplifies and 
comma cloud grows 



Lightning as a precursor to Upper-level trough 
amplification 

Trough and comma cloud grows 
and lightning increases 









Summary 
• WWLLN network continues to expand with 11 

new stations in last year. 
• Detailed comparison to ENTLN in CONUS was 

conducted (Paper by Hutchins et al, submitted 2012) 

• Global Lightning Climatology(Virts et al, in press, 
2012) 

• New Capability: Energy per stroke and relative 
Detection Efficiency  

• Using WWLLN data in forecasting cold air 
outbreaks, and in data assimilation into WRF 
 
 
 
 
 

Contact: mlhutch@uw.edu, bobholz@ess.washington.edu 





Extra slides 









WWLLN Strokes , Daily Densities and Daily densitycombined with 
Eearth Networks 













Energy/stroke 
Relative DE 
ENTLN-WWLLN comparison 
  
Chuva 
Lynn 
Cliff/Ken 
Other (Cnofs) 
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