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LongLong--termterm timetime seriesseries ofof Schumann Schumann resonanceresonance (SR) (SR) parametersparameters, , likelike asas
amplitudeamplitude, , intensityintensity, , frequencyfrequency andand qualityquality factorfactor cancan givegive robustrobust estimationsestimations onon
variationsvariations ofof globalglobal lightninglightning andand areare alsoalso dependentdependent onon thethe characteristicscharacteristics ofof thethe
EarthEarth--ionosphereionosphere cavitycavity. . 

SR SR frequencyfrequency cancan be be characteristiccharacteristic eithereither forfor thethe cavitycavity propertiesproperties oror thethe sourcesource--
observerobserver distancedistance. The . The diurnaldiurnal frequencyfrequency rangerange ((ffmaxmax-- ffminmin) , DFR is ) , DFR is informativeinformative forfor
thethe meanmean areaarea ofof lightninglightning regionsregions..

DFR DFR timetime seriesseries waswas builtbuilt upup basedbased onon longlong--termterm (14 (14 yearsyears) Schumann ) Schumann resonanceresonance
recordsrecords atat Nagycenk (NCK), Hungary Nagycenk (NCK), Hungary toto studystudy arealareal variationsvariations ofof globalglobal lightninglightning. . 

Ball antenna Ball antenna atat NCK NCK forfor SR SR measurementsmeasurements
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The daily frequency range (DFR) of Schumann resonances (SR) is tThe daily frequency range (DFR) of Schumann resonances (SR) is the he 
band in which the resonance frequency shifts up and down during band in which the resonance frequency shifts up and down during a day a day 
as indicated by  arrowsas indicated by  arrows. . The DFR is related to the size of the region The DFR is related to the size of the region 
where the random lightning discharges are distributed. The widerwhere the random lightning discharges are distributed. The wider, the , the 
region is, the smaller the DFR becomes, and vice versa [region is, the smaller the DFR becomes, and vice versa [NickolaenkoNickolaenko et et 
al., 1995].al., 1995].

1st SR 1st SR modemode atat NCK, HungaryNCK, Hungary 2nd SR 2nd SR modemode atat NCK, HungaryNCK, Hungary
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The  The  „„longitudinallongitudinal diametersdiameters”” ofof thethe threethree mainmain
lightninglightning regionsregions ((AmericasAmericas, , Africa/EuropeAfrica/Europe, , 
Asia/MaritimeAsia/Maritime ContinentContinent) ) areare largerlarger inin thethe
NorthernNorthern hemispherehemisphere (NH) (NH) summersummer thanthan inin thethe
SouthernSouthern hemispherehemisphere (SH) (SH) summersummer (LIS (LIS satellitesatellite
observationsobservations) ) inin accordanceaccordance withwith DFR DFR ofof
Schumann Schumann resonancesresonances atat NCK. NCK. 
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The  calibration  curve  shows   the  relationship   between   tThe  calibration  curve  shows   the  relationship   between   the  DFR  he  DFR  
and   the  source diameter given in hours. One hour corresponds and   the  source diameter given in hours. One hour corresponds to 15to 15ºº
angular distance. It is assumed that the lightning discharges arangular distance. It is assumed that the lightning discharges are e 
uniformly distributed in a single circular area  with diameter muniformly distributed in a single circular area  with diameter measured easured 
in hours or angular distances. The centre of the area moves unifin hours or angular distances. The centre of the area moves uniformly ormly 
along the equator, and the diurnal frequency variations can be oalong the equator, and the diurnal frequency variations can be observed bserved 
at Nat NCKCK..

DiurnalDiurnal VariationVariation ofof GlobalGlobal LightningLightning inin LTLT
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LongLong--termterm arealareal variationvariation ofof worldworld lightninglightning has has beenbeen deduceddeduced fromfrom DFR DFR atat NCK. NCK. 
PronouncedPronounced annualannual variationsvariations withwith Northern Northern hemispherehemisphere summersummer maximamaxima andand
semiannualsemiannual changeschanges withwith maximamaxima inin AprilApril andand OctoberOctober monthsmonths cancan be be identifiedidentified..
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SatelliteSatellite lightninglightning measurementsmeasurements indicateindicate similarsimilar latitudelatitude dependentdependent responsesresponses onon
thethe 1111--year year solarsolar cyclecycle likelike asas thethe arealareal variationsvariations deduceddeduced fromfrom Schumann Schumann resonanceresonance
frequencyfrequency rangerange variationsvariations.  .  LightningLightning activityactivity seemsseems toto followfollow thethe solarsolar activityactivity
variationvariation atat higherhigher ((northernnorthern) ) latitudeslatitudes ((lightninglightning areasareas extendextend toto northwardnorthward) ) whilewhile
lightninglightning activityactivity tendstends toto changechange parallel parallel withwith thethe galacticgalactic cosmiccosmic raysrays inin The The 
tropicaltropical--subtropicalsubtropical beltsbelts ((contractedcontracted lightninglightning areasareas).).
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Northern Hemisphere Summer 

Southern Hemisphere Summer OTD OTD satellitesatellite lightninglightning observationsobservations
inin a a SouthernSouthern hemispherehemisphere summersummer

‘‘RedRed boxbox’’ cutcut thethe highhigh--middlemiddle northnorth latitudinallatitudinal regionregion candidatecandidate
forfor lightningslightnings influencedinfluenced byby increasedincreased solarsolar activityactivity ((StringfellowStringfellow,,
19741974). ). ThereThere is no is no correspondingcorresponding lightninglightning beltbelt inin thethe SouthernSouthern
hemispherehemisphere duedue toto thethe missingmissing landland coveredcovered areasareas therethere..

‘‘CyanCyan boxbox’’ cutcut thethe tropicaltropical andand extratropicalextratropical latitudinallatitudinal regionregion
candidatecandidate forfor lightningslightnings influencedinfluenced byby galacticgalactic cosmiccosmic raysrays. . OneOne
ofof thethe mechanismsmechanisms suggestedsuggested is is asas followsfollows: : GalacticGalactic cosmiccosmic rayray
particlesparticles cancan contributecontribute toto thethe cloudcloud nucleation processes nucleation processes 
((SvensmarkSvensmark and and FriisFriis--ChristensenChristensen,, 1997)1997)..

OTD OTD satellitesatellite lightninglightning observationsobservations
inin a Northern a Northern hemispherehemisphere summersummer

Contradictory or mixedContradictory or mixed lightninglightning results results 
based on observations by surface based on observations by surface 
lightning detection systems in countrylightning detection systems in country--
size regions in different latitudes size regions in different latitudes ofof thethe
worldworld might be resolved by might be resolved by ththe e latitudelatitude
dependentdependent responseresponse ofof lightninglightning activityactivity
onon thethe 1111--year year solarsolar cyclecycle..
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ConclusionsConclusions
•• The annual and semiannual The annual and semiannual arealareal variations variations ofof globalglobal lightninglightning exhibit exhibit pronouncedpronounced 1111--

year solar cycle modulationyear solar cycle modulation..

•• The The magnitudemagnitude ofof thethe modulationmodulation ofof thethe annualannual arealareal variationvariation increasesincreases withwith
increasingincreasing solarsolar activityactivity..

•• The The modulationmodulation ofof thethe semiannualsemiannual arealareal variationvariation followsfollows ratherrather thethe variationvariation ofof
galacticgalactic cosmiccosmic raysrays onon thethe 1111--year year solarsolar cyclecycle. . 

•• The The latitudelatitude dependentdependent arealareal responseresponse ofof globalglobal lightninglightning onon thethe 1111--year year solarsolar cyclecycle
indicatesindicates differentdifferent physicalphysical mechanismsmechanisms influencinginfluencing lightninglightning generationsgenerations..

•• BothBoth lightninglightning triggeringtriggering byby highhigh energyenergy particlesparticles andand nucleationnucleation asas wellwell asas chargingcharging
processesprocesses ofof cloudsclouds byby galacticgalactic cosmiccosmic raysrays cancan be be candidatescandidates asas physicalphysical mechanismsmechanisms
forfor thethe arealareal modulationmodulation ofof globalglobal lightninglightning onon thethe 1111--year year solarsolar cyclescycles..
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