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1. INTRODUCTION1 
 
Lightning Mapping Array (LMA) technology was 
developed at the New Mexico Institute of Mining 
and Technology to locate sources of impulsive 
very high frequency (VHF, typically ~63 MHz) 
radiation produced by lightning flashes in three 
spatial dimensions and time (Rison et al. 1999). 
Radiation arrival times are measured at a network 
of ground stations using an accurate time base 
provided by Global Positioning System receivers. 
Both cloud-to-ground and in-cloud lightning 
flashes are detected (i.e., ‘total lightning’). 
 
LMAs have been installed in a number of countries 
including the United States, Brazil, France and 
Japan for severe thunderstorm nowcasting and 
lightning research purposes. ‘Jumps’ in total 
lightning, such as those detected by LMAs, have 
been associated with increases in thunderstorm 
intensity and can therefore be used to improve the 
lead time for operational severe weather warnings 
(Darden et al. 2010). 
 
In 2014, Environment Canada contracted LMA 
Technologies LLC to install an LMA in southern 
Ontario. There are four objectives related to this 
initiative: 
 
1. Make use of total lightning source density and 

rate change data to improve the nowcasting 
of thunderstorm intensity, 
 

2. Use the LMA to evaluate lightning data from 
model parameterizations and other lightning 
detection networks including the Canadian 
Lightning Detection Network (CLDN), 
 

3. Become familiar with the use and benefits of 
total lightning in advance of its availability via 
the Geostationary Lightning Mapper (GLM) 
aboard the GOES-R satellite in coming years, 

                                                 
* Corresponding author address:  David M. L. Sills, 
Cloud Physics and Severe Weather Research Section, 
Environment Canada, 14780 Jane Street, King City, 
Ontario, Canada, L7B 1A3, David.Sills@ec.gc.ca 

 
4. Generally increase knowledge of lightning 

characteristics in the southern Ontario area, 
including winter lightning often associated 
with intense lake-effect snow events, and 
compare to other regions with LMAs. 

 
2. DATA AND METHODS 
 
The Southern Ontario LMA (SOLMA) is composed 
of 14 solar-powered ground stations (see Figs. 1 
and 2) that were installed in the spring of 2014. 
These stations receive radio-frequency radiation at 
successive 80-μs intervals. However, to allow real- 
time processing, the data are decimated to 400-μs 
intervals before being sent to the central server via 
  

 
Figure 1. Lead author Dave Sills with an LMA ground 
station at Pearson International Airport near Toronto. 
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cellular modem. The full dataset must be manually 
downloaded during station visits.  
 
The VHF sources that make up each lightning 
flash (often hundreds to thousands) can be plotted 
to map 3-D spatial and temporal extent (Fig. 3). 
The LMA sources can also be combined to 
produce lightning source density products (Fig. 4). 
 
The source detection efficiency and accuracy 
decrease with distance from the array. The radius 
for effective 3-D detection (horizontal and vertical 
accuracy both less than 100 m) is approximately 
150 km (Fig. 5 and 6). SOLMA station baselines 
range from 10 km to 40 km, with most near 20 km. 
 
3. PRELIMINARY RESULTS 
 
Lightning activity was detected by SOLMA on 101 
days in 2014 between April 12 and November 30. 
The most active month was August with 20 days 
having lightning activity detected. What follows are 
brief descriptions of events of interest captured by 
SOLMA. 
 
3.1 September 5/6  
 
This most active event of the season occurred 
when a strong cold front triggered the 
development of a squall line across the region. In 
the one-hour period from 00 UTC to 01 UTC (8 pm 
to 9 pm local time) on September 6th, more than  
1 million LMA sources (decimated) were detected. 
  
3.2 June 12 
 
SOLMA recorded many lightning flashes with 
considerable horizontal extent. The decimated 
data that were available in real time are shown in 
Fig. 3. 
 
3.3 October 16 
 
SOLMA detected a compact area of lightning over 
the City of Toronto. As shown in Fig. 4, lightning 
activity, particularly in-cloud lightning, intensified 
rapidly between 23:30 UTC and 23:40 UTC. 
Approximately ten minutes later, the storm that 
generated this lightning ‘jump’ was producing flash 
flooding and exhibiting a strong mesocyclone on 
the King City Doppler radar (not shown). 
 
 
 
 

3.4 November 20 
 
SOLMA recorded the first known 3-D detection of 
total lightning generated by lake-effect snow. This 
was part of the historic, multi-day lake-effect snow 
event affecting Buffalo, NY, with more than 2 m of 
accumulated snow in some locations. One such 
flash, shown in Fig. 7, lasted less than 0.5 sec and 
propagated along dendritic-appearing branches 
across more than 20 km. 
  
Only 8 of 14 stations were operational during this 
period due to insufficient solar power (currently 
being addressed), so a reduced vertical accuracy 
of approximately 500 m was attained. The initial 
leader appears to have initiated near 6 km altitude, 
with the majority of sources detected between 1 
km and 8 km altitude after that time. A small 
number of sources were detected to 12 km 
altitude. These sources are relatively localized and 
unbranched, and likely have significant positional 
errors due to the occasional incorporation of 
random local noise events, as suggested by 
Thomas et al. (2004). Enhanced echo top data 
from the BUF NEXRAD Doppler radar (not shown) 
did not exceed 6 km at the time of, and in the 
hours leading up to, the source detections though 
low reflectivity precipitation and cloud likely 
extended to high altitudes.  
 
Fig. 8 shows the low-level reflectivity structure 
associated with the lake-effect snow band at 23:00 
UTC, with the SOLMA sources from Fig. 7 
superimposed. Interestingly, the flash occurred in 
a region of ~20 dBZ echoes and not in the vicinity 
of stronger echoes to the west reaching ~27 dBZ. 
 
4. FUTURE WORK 
 
SOLMA is expected to collect research data 
through 2018. Over this period, a number of 
related initiatives are planned. 
 
Work is underway to implement LMA total lightning 
data into a severe thunderstorm nowcasting 
prototype system (iCAST, Sills et al. 2009) that will 
be demonstrated in real time during the Pan Am / 
ParaPan Am Games in the Toronto area in 
summer 2015. The LMA source density and rate 
of change will be incorporated into a storm 
tracking and trending algorithm that ranks storms 
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in a storm attribute table and generates first-guess 
threat areas for cells with an intensity that is 
nowcast to exceed severe thresholds.  
 
Methods will be developed to validate CLDN 
performance using LMA data and evaluate the 
performance of new lightning parameterization 
approaches in EC’s high-resolution deterministic 
prediction system (with horizontal grid spacing 
typically between 250 m and 2.5 km). 
 
Opportunities also exist to integrate LMA data with 
a dual-polarization radar particle classification 
algorithm used with the King City radar, to 
collaborate with Ryerson University researchers 
studying lightning discharges at Toronto’s CN 
Tower (height 457 m AGL), and to collaborate with 
US colleagues studying winter lightning generated 
by lake-effect snowsqualls. 
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Figure 2. Distribution of 14 LMA ground stations in the Toronto area. Base map source: “Western Lake 
Ontario.” 43.6N, 79.3W. Google Earth. Imagery date 4/9/2013. Accessed 5/12/2014. 
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Figure 3. Multi-dimensional plot of individual SOLMA sources (decimated) over a period of 10 minutes 
(and available in real time) on June 12, 2014. Red is the most recent and blue the least recent in the 
period.   
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Figure 4. Multi-dimensional plot of source density (red indicates more than 500 sources per km2) over a 
period of 20 minutes (23:29:50 - 23:49:50 UTC) on October 16, 2014. The top box shows source density 
altitude over time. The bottom box shows the spatial distribution of source density with plan view 
(including outline of Lake Ontario and green boxes indicating station locations), vertical projections and 
vertical source count. Inset shows the source trend (decimated) over 60 minutes with ‘jump’ between 30 
and 40 minutes (23:30 and 23:40 UTC, respectively). 
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Figure 5. A map showing the radial error in metres assuming a source height of 10 km. 
 
 
 
 
 
 
 
 
 

 
 

Figure 6. A map showing the altitude error in metres assuming a source height of 10 km. 
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Figure 7. Multi-dimensional plot showing sources detected in association with a lightning flash during a 
lake-effect snow event on November 20, 2014. The top box shows source altitude over time. The bottom 
box shows the spatial distribution of sources with plan view (including outline of Lake Erie and the 
Niagara River with international border), vertical projections and vertical source count. Red is the most 
recent and blue the least recent in the period (23:04:23.8 - 23:04:24.4 UTC). CLDN detected a negative 
cloud-to-ground flash first followed by a negative in-cloud flash (shown by triangles). 
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Figure 8. Low-level reflectivity (colour legend in dBZ at right) from the King City radar in Ontario at  
23:00 UTC on November 20, 2014, with SOLMA sources superimposed (white dots). As shown in Fig. 7, 
CLDN detected a negative cloud-to-ground flash followed by a negative in-cloud flash near the same time 
and location as the SOLMA-detected flash. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


