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[bookmark: _Ref188791049]S.I. Table 1. Summary of airborne lightning detection and ranging campaigns.
	Author (Year)
	Instrument of Interest
	Campaign Summary
	Key Findings

	Baum and Seymour (1980) [1]
	Ryan Stormscope (airborne), X-Band weather radar (airborne), lightning mapping array (ground; 60 to 80 MHz).

	Three flight hours of coast of Florida (out of twelve flight hours total).
	Stormscope centroid range off by average +21 km (± 24 km) from LMA (i.e., tendency to overpredict). Stormscope centroid azimuth off by average ±13° deg from LMA (no bias detected). Average activity area overlap was 60%, Stormscope area 150% larger than LMA on average. Stormscope detections correlated well with abrupt precipitation gradients rather than precipitation intensity levels.

	Walko and Reazer (1983) [2]
	Ryan Stormscope WX-10 (airborne), Custom lightning sensor instrumentation (airborne mapping unit; and electric field sensor), Weather radar (airborne).
	Eight 15-min segments of data recorded on several different flights (twelve 3 hr flights in total).
	211 of 232 (90%) of lightning events recorded by the custom lightning package were also recorded by the Stormscope. Azimuth of CG return strokes correlated to within ±5% of Stormscope, Stormscope range had significant spread sometimes 25 nm. Stormscope consistently detected CG lightning, indications suggest Stormscope can detect IC lightning but sample size too small. Stormscope showed reasonable agreement with heavy precipitation on radar.

	Fisher and Crabill (1981) [3]
	Unnamed airborne lightning mapper, Weather radar (ground) WSR, doppler, NASA Wallops SPANDAR Radar).
	14 storms measured during 1978 storm season in Oklahoma and Virgina.
	Instrument tended to measure lightning at farther distances than the weather radar contours, and at the same bearing direction.

	Rasch et al. (1983) [4]
	Early version of LSZ-850 used as a single-station ground-based lightning detector, WSR-57 (NWS ground), turbulence (airborne).
	Six hours of data recorded over three thunderstorm days during 1982 storm season.
	Location accuracy of storm sensor estimated to be within ±10° in azimuth error and ±25 % in range. No linear relationship between stroke rate and turbulence, however, it was found that maximum turbulence increased when maximum stroke rate increase.

	Coleman (1988) [5]
	LSX-850 (airborne), Weather radar (airborne).
	60+ flight hours flown over two years.
	High vs low frequency magnetic fields allow for range estimation within 100 nm, bearing accuracy inferred to be better than ±5°. Flash rate observed to increase at closer range to storm.


Convair-580 and WX-500 Antenna
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[bookmark: _Ref164259232]S.I. Fig. 1: The location of the WX-500 antenna on the belly of the NRC’s Convair-580 research aircraft.
[bookmark: _Ref187580290]WX-500 Signal Processing
The general signal processing technique used by the WX-500 is summarized below. The information is gleaned from U.S. Patents 5,295,071, 5,295,072, and 5,537,318 [6–8]. The max amplitude and pulse width of the measured waveform is compared against threshold values to filter out noisy signal. If the measured waveform is identified as a dart leader, processing may be cancelled in hopes of measuring the subsequent return stroke. The normalized waveforms from the crossed loop antenna and sense antenna are cross correlated and compared against a threshold waveform to determine whether the signal is valid. If deemed valid, the measured waveform is then processed using a multi-point frequency spectrum analysis of the Discrete Fourier Transform of the measured waveform while using some specific criteria to classify the waveform type (e.g., pulse width characteristics, frequency centroid and amplitude, and tail characteristics). Clipped tails of waveforms may be reconstructed during processing depending on the lightning type classification. Weights are assigned to each point of the multi-point analysis based on the waveform type and a weighted sum of the measured waveform is calculated. This integrated signal (i.e., the weighted sum) is then used to perform bearing and distance calculations. The classification information is discarded, so the data reported includes bearing, distance (Strike mode), and the modified distance which is the product of the WX-500 statistical cell clustering algorithm, Cell mode.
The WX-500 calculates distance by: i) computing the multiplicative inverse of the magnitude of the magnetic field signal to obtain a raw distance value (e.g., ); ii) correcting the raw distance using an empirical correction function which is dependent upon the raw distance value and the type of lightning that was detected; and iii) further correcting the distance using a factor derived from analysis of the tail activity of the waveform (tail activity defined here as the last half or portion of the waveform that follows the main pulse) [6–8]. Bearing is calculated based on the ratio of the signal intensities from the two loops.
One of the major updates to the WX-500 is Cell mode. Cell mode clusters individual strikes to better identify thunderstorm cells and is mentioned in U.S. Patents 5,528,494 and 5,610,813 [9,10]. These patents present means of identifying strikes originating from the same cell and clustering those strikes into groups. Among other things, Cell mode accomplishes this by comparing waveforms using their spectral ratios at different frequencies, peak amplitudes, time of measurement, and the bearing and distance of the signal origin [10]. Statistical averaging of the clustered strikes may then be performed resulting in modifications to the range of individual strikes [9]. Cell mode data can completely filter out the single standalone discharges that may be erroneous or caused by other atmospheric phenomena not related to thunderstorms for strikes beyond 46 km [11]. However, Cell mode data includes every single strike that is measured within 46 km of the aircraft. Strikes <46 km that have not grouped into a storm cell cluster will retain their original range value. 
The patents from which this information was gleaned state several ways in which the WX-500 signal processing technique is a major upgrade over the original Ryan Stormscope [6–8]. For instance, the original Ryan Stormscope did not identify or account for the different types of discharge processes, nor utilize their different frequency characteristics during post processing (e.g., distinguishing between intracloud (IC) versus CG discharges). The Ryan Stormscope also relied on a strict threshold to determine whether an incoming signal was produced by lightning (and should be processed) or by noise (and should be rejected), which could cause valid low intensity lightning signals to be rejected. Moreover, the original system lacked the ability to interrupt a current process, meaning that, e.g., there is potential for a lightning strike to be missed if it occurred while some erroneous noisy signal was being processed.
[bookmark: _Ref187580334]WX-500 Site Error Correction
The WX-500 bearing measurement is most significantly affected by “site errors”. Site errors are caused by the reflection or re-emission of a magnetic field by a nearby conductive body which produces a signal that, when measured along with the source emission, will produce a misleading bearing measurement. The site error curve is unique to the aircraft geometry and WX-500 mounting location. Since this error is a function of the measured (i.e., sensed) bearing, it can be corrected prior to measurement. Site errors can be corrected empirically using specialized ground equipment like a pulse generator to produce discharges at known bearings. It is also possible to use an analytical solution to predict the site errors for the WX-500 equipped to an aircraft [12]. This solution assumes the aircraft is a prolate spheroid (ignoring the wings and tail) and the WX-500 is centered on the topside. The aspect ratio of the aircraft fuselage () is used to modify the solution for a particular aircraft shape (e.g., transportation vs. fighter aircraft). The solution predicts the sensed angle () measured by the WX-500 for a given true incident angle () of source emission. In this study, site errors are corrected using the analytical solution outlined in Eq. 1 through 4 with a  value for the Convair-580 of 0.1159. The resulting site error curve was shifted and scaled to fit uncorrected CRF4 data to account for any bias in real measurements that was not captured by the theory.
		(1)
		(2)
		(3)
		(4)
Snapshots of Typical Measurements
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[bookmark: _Ref167884512]S.I. Fig. 2: 	NEXRAD radar mosaic showing development of the storm, the Stormscope, HLMA, and GOES-GLM showing the location of lightning flashes, and black dots show the aircraft locations at four moments throughout CRF4.
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[bookmark: _Ref167886652]S.I. Fig. 3: 	NEXRAD radar mosaic showing development of the storm, the Stormscope, HLMA, and GOES-GLM showing the location of lightning flashes, and black dots show the aircraft locations at four moments throughout 12.
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