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The U.S. National Lightning Detection Network™ (NLDN™) has provided lightning data over the entire
continental United States for more than 35 years. The initial nationwide build-out of the NLDN was driven by
interest from the electric utility industry and supported by the Electric Power Research Institute (EPRI).
Background information about the NLDN, the data that it provides, and some examples of its uses in the
electric utility industry are given in Cummins et al. (1998a,b), Cummins and Murphy (2009), Cummins and
Chisholm (2015), and Murphy et al. (2021). In this paper, we summarize the essential components of lightning
data and highlight some of the capabilities that are available now, given the most recent improvements in the
performance of the NLDN.
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[Figure 1 shows NLDN data from a query around a specific location and over a specific time period, together
with a zoomed-in view of the essential data fields.
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Figure 1. Sample NLDN data from a query to the Vaisala Lightning Exporter™, with a zoomed view of the essential data fields below.

The basic function of the NLDN is to determine the precise times and positions of lightning events. It does
this by way of a network of remote sensors that measure the time of arrival of radio-frequency signals
generated by lightning, with GPS timing, as well as the angle of arrival of those signals, their peak amplitudes,
and various information about the features of those signals. These measurements are sent from the sensors
to a central processing system, whose first job is to determine which of the many signals, coming from many
widely distributed sensors, belong to a particular lightning event. Following that determination, the central
processor then proceeds to combine the various time and angle measurements to determine the time and
position of each lightning event. That critical information can now be determined with sub-microsecond
accuracy in time (separated into the millisecond level and the sub-millisecond component in the example
query above) and median location accuracy better than 100 meters.

The peak amplitudes (including sign — positive or negative) reported by the sensors are used to estimate the
peak current of the lightning event, shown in the above example as the “signal strength” field and reported in



KA. In the case of return strokes in cloud-to-ground (CG) lightning, this is literally an estimate of the maximum
current of the stroke at the point where it contacted ground. All cloud lightning (IC) events are also assigned
an equivalent peak current. The same signal amplitude measurements from the sensors can also be used to
estimate the maximum time derivative of the currentin CG return strokes. This parameter is shown as “Max
rate of rise” in the above example, in units of kA/us. The maximum rate of rise of CG return stroke current is
important in the case of objects that have significant inductive impedance, as described in Rakov (2012).

As described in Cummins and Murphy (2009), the shapes of the signals received by the sensors (known as
“waveforms”) can be used to differentiate between the return strokes in CG lightning and other signals
generated by IC events. In the example shown above, the “Cloud?” field indicates whether or not each event
was classified as an IC pulse or a CG stroke. Over the years, as the information provided by the sensors has
improved, the lightning type classification algorithms in the central processing system have improved in
tandem, as discussed in detail in Murphy et al. (2021). Validation studies such as Zhu et al. (2016) indicate
classification accuracy better than 90%, and work is ongoing to improve upon this.

The central processing system further utilizes the information supplied by the sensors to determine a number
of quality metrics about every lightning position. Many of these quality parameters are used within Vaisala to
monitor the performance of the network on a continuous basis. Of particular interest to many users of NLDN
data is the position confidence region, which takes the form of an ellipse. Details about the ellipse
calculation are given in Cummins et al. (1998b). The size (at any desired confidence level) and orientation of
the ellipse can be used to assess the likelihood that any particular CG stroke made contact with a particular
structure on the ground.

With the median location accuracy now better than 100 m, the NLDN is capable of distinguishing between
the different ground strike points within a single CG flash. This provides very useful information given that
somewhere between a third and half of CG flashes contact the ground in multiple locations. Figure 2 shows
NLDN data from a CG flash with 13 strokes together with their confidence regions (scaled up to the 99%
confidence level). Two of the strokes in this flash were 2.8 km to the northeast of the main cluster and clearly
formed a separate ground strike point. Two other strokes were separated from the main cluster by about 0.8
and 1.1 km and are probably also separate ground strike points. Ground strike point information was recently
made available in an enhanced NLDN data product called Strike Damage Potential.
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Figure 2. A 13-stroke CG flash with the position confidence regions around all stroke positions.

Thanks to steady progress in sensing technology and central processing algorithms over the more than 35
years that the NLDN has provided nationwide data over the US, the data available today give highly detailed
information that is valuable in many application areas, including the electric power industry. In this short
overview, we have described the key data fields of most direct usefulness.
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