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Abstract. We extend the technique suggested by Sent-a radio wave can circle the globe several times, and the in-
man and Fraser (1991) and discussed by Pechony anténsity recorded reflects the level of global thunderstorm ac-
Price (2006), the technigue for separating the local andivity. Observations at a field site are characterized by two
universal time variations in the Schumann resonance infactors: one depends on the universal time (the global thun-
tensity.  Initially, we simulate the resonance oscilla- derstorm intensity) and the other is the function of the local
tions in a uniform Earth-ionosphere cavity with the dis- time (local ionosphere height, position of thunderstorms rela-
tribution of lightning strokes based on the OTD satellite tive the observatory, etc.). The first depends on the Universal
data. Different field components were used in the Day-Time (ty), while the second is a function of the Local Time
side source model for the Moshiri (Japan, geographic coor{ty).
dinates: 44.365N, 142.24 E) and Lehta (Karelia, Russia, ~ When monitoring the global thunderstorm activity by us-
64.427 N, 33.974 E) observatories. We use the extendeding Schumann resonance (SR), one has to reduce the role
Fourier series for obtaining the modulating functions. Sim- of the local factors and preserve the universal modulations.
ulations show that the algorithm evaluates the impact of theFor this purpose, the cumulative resonance intensity was
source proximity in the resonance intensity. Our major goalsuggested and used by Polk (1969), which is the resonance
was in estimating the universal alteration factors, which re-field intensity integrated over a few SR modes. The advan-
flect changes in the global thunderstorm activity. It wastage of cumulative intensity is conditioned by smoothing the
achieved by compensating the local factors present in the inidistance dependence pertinent to different resonant modes.
tial data. The technique is introduced with the model Schu-Model computations showed that an effect of diurnal motion
mann resonance data and afterwards we use the long-terof global thunderstorms decreases frerh0 dB variation in
experimental records at the above sites for obtaining the dithe individual modes toward 3 dB in the cumulative inten-
urnal/monthly variations of the global thunderstorms. sity (Nickolaenko, 1997). Thus, the role of source proximity
is reduced by the cumulative intensity, but it is not removed
completely. In the present paper, we modify a technique
that separates the local and universal factors and estimate the
level of global thunderstorms by using the cumulative SR in-
tensity recoded at a pair of longitudinally separated observa-
tories.

A first comparison of SR intensities recorded at two

widely separated observatories was made by Polk and

Gl.Obé.ll eIec'Fromagnetlc (Sghumann) resonance occurs in thEitchen (1962), in which measurements were made at Bran-
thin dielectric shell separating the conducting ground and the

ionosphere plasma. It is observed as peaks in the intensity Oqenburg (Germany) and Kingston (R.l., USA). Their experi-

. . . ment indicated that diurnal variations at two points look more
natural radio noise at frequencies around 8, 14, 20Hz, etc.. . . . .

. : . o Similar when plotted against the local time rather than in the
The energy is supplied by electromagnetic radiation from the

lightning strokes distributed worldwide. Owing to low losses universal time. . .
The formal procedure for extracting the local and uni-

Correspondence tdvl. Hayakawa versal factors from a record at two observatories was sug-
(hayakawa@whistler.ee.uec.ac.jp) gested by Sentman and Fraser (1991). They applied it to the
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ing)
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814 A. P. Nickolaenko and M. Hayakawa: Universal and local time components in Schumann resonance intensity

experimental cumulative intensity and singled out the peri-to be found. Equations (1) and (2) are used for an arbitrary
odic local factor. The sites were positioned at California andobservatory.
Australia. The local changes derived were attributed to alter- (ii) The following relation is valid (Sentman and Fraser,

ations in the local ionosphere height above each site. 1991):
The further step was made by Pechony and Price (2006),
who computed the intensity of the global resonance in the/L = + 4, ®)

model of a uniform Earth-ionosphere cavity and demon-y i, a|| quantities measured in radians and ranging from 0 to
strated that local modulations still remain in the model data.zn_

They used the time varying thunderstor.m distribqtions in (i) Functions P and Q at an observatory are the same
model that follow from the records of Optical Transient De- ¢nctions of time. The only distinction is in the shift along

tector (OTD) satellite. Thus the above work showed that they, o abscissa in correspondence with Eq. (3). Of course, devi-

local time variations arise from a diurnal motion of thunder- ations might occur in the data calibratidt, Q1 and P, and

storm activity around the globe, i.e. from the source proxim- 0, at different observatories. These might cause different
ity. Magnitude of model variations was close to that observed

; amplitude scaling (similar distinctions might arise from the
experimentally by Sentman anql Frf';\se_r (1991). _ different latitudes of the sites).

The goz_il (_)f the pre_sent publication is two-f_old. Flr_st, We () Since functiond’ (/) andL (1) have a period of 2,
adopt a similar technique to the case of a slightly different, e exnand them into the following Fourier series:
source distribution in comparison with Pechony and Price
(2006). Such a numerical experiment allows us to test the ro- > )
bustness of our processing. Second, we extend the number &ft (0) = 1+ > Avexplik (i + 1)
terms in the Fourier expansion from 1 to 5 and therefore ac- ko=01
quire more sophisticated temporal variations. The processin _ .
technique is also developed aiming on the direct extraction 0%2 () =1+ Z A explik iy +22)] @
universal or local time factors.

Initially, we describe the procedure and process a modepBimilarly, we develop relations for the universal modulating
signal to demonstrate applicability of the technique. Thefunctions. The procedure is also the Fourier expansion and
model intensity variations were computed in the uniform only initial SR intensities must be presented versus the local
Earth-ionosphere cavity with the thunderstorm distribu- time of observatories instead of the UT. Formally, we obtain
tion based on the global OTD maps of lightning flashesthe following series for the normalized universal modulating
(Hayakawa et al., 2005; Nickolaenko et al., 2006; Pechonyfactors:
et al., 2006). We compare the “postulated” source intensity )
with the universal factor “deduced” from the SR and thusua (1) = 1+ ) Brexplik (11 — A1)]

k=1

evaluate the accuracy. The algorithm is finally applied to the k=1
long-term experimental records of SR at the same two points >0 )
and the estimates are found for diurnal/monthly variations of#2 () =1+ Y Beexplik (1L — 1)) ®)

the global thunderstorm activity for the period one year long. k=1

Here, L1 and L» is the local modulations at each site. The
functions are found by using Eqg. (1). The normalized univer-
sal modulating factors at the sites are denotediaandu,
they depend on the local time of observatories, and will be
found by usingQ1(¢;) andQ2(¢;) records.

Soundness of “similarity” assumption (iii) becomes evi-
dent when one compares plots (a) and (c) in Fig. 1. Here we
depict the model diurnal variations of cumulative SR inten-
P(y)=U (ty)- L () (1)  sity in the vertical electric field component. The field inten-

sity is shown along the ordinate (the lower frame shows the

Additionally, we present the same data against the local timgjash number, see below). The time is plotted on the abscissa.
1., which is used later for the direct extracting of the univer- g5ch frame in Fig. 1 combines diurnal and seasonal varia-
sal component instead of the local time variation: tions. For the purpose, the abscissa is divided into 12 inter-

_ ) vals each corresponding to a month of a year. The names of
Q@) =Ulw)- L) @ months are printed above the strips. The 24 h diurnal patterns
Here P (ty) denotes the SR intensity recorded in the univer-are depicted in every “monthly” interval. Particular diurnal
saltimery, Q (¢1) is the same intensity as the function of the variations were computed for the 15th day of each month.
local time of the observatony, that occupies the east longi- Thus, one observes in Fig. 1 both the diurnal variations and
tudei. U (ty) andL (1) are the universal and local factors monthly modifications.

2 Formal treatment

Similarly to Sentman and Fraser (1991), we accept that
(i) Intensity of SRP (ty, 1) recorded in the universal time

ty and at the east longitudeis a product of the universal

functionU (¢y) and the local modulating functioh (¢.):
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The upper frame (a) in Fig. 1 depicts tige(z,) — func- Jan‘Feb ‘Mar[Apr‘Mav‘ Jun‘ Jul Aug Sep‘Oct‘Nov‘Dec
tions, the third frame (c) presents tRgr) — variations. Co- 20 ‘ INERIRERIR S NRERNNE
ordinates of two observatories were used. One is Lehta (ge- ? 15
ographic coordinates: 64.42K and 33.974E), whose data
are shown by blue curves. The second is Moshiri (44.365
and 142.24), with the relevant graphs in the magenta lines.
As one may observe, the plots vary similarly against the UT,
i.e.in Fig. 1c. Mutual departures of two curves in the UT are
demonstrated by Fig. 1b in form of the ratfa(zy)/ P2(ty).

We return to the data of Fig. 1 later. Here, we must note a
higher similarity of the patterns in the UT, which validates
the assumption (iii).

Expansion (4) corresponds to the formula used by Sent-
man and Fraser (1991). The distinction is that they have
used a single harmonic only. We use the five terms expan-
sionske[1; 5]. Similarly to Sentman and Fraser (1991), we
use the UT record®1(ty) and P»>(ty) for deriving the local
time factors (Eq. 4). The expansion coefficients are found
from the following equation:

Power E

®)

=
—_4
—

Ll hlblia
bl

— oo
S O SR WONR

—_

Power E a.u. Ratio(UT)

2

1 / ' IR AR R 4Ans BE I
27 [exp(iki1) — exp(iki2)] / 0 24 48 72 96 120 144 168 192 216 240 264 288
UT/Month
N |:P1 (tv)

P2 (ty) Fig. 1. A set of twelve model diurnal patterns, each corresponding

The local factors1(ty) and Lo(¢y) are reconstructed with  to @ month. Framéa) depicts theQ (1) data and framéc) is the
the coefficients, substituted into Eq. (4). P (1y) variations. Intensities are measured in arbitrary units. Data

Our goal is obtaining universal variatiori; (ry) and fpr Lehta are shown by que_Iine and for Moshiri — by magenta
Us(ty) representing the current intensity of the global thun- line. Plot(b) depicts the intensity ratif eqta/ PmosHIRI, and the

. . . lower green dotted curve presents the source intensity.

derstorms. To find the universal factors directly, we apply
the SR records (Eq. 2) performed in the local tineg#;)
andQ»(t1). The expansion coefficients for the “normalized”
universal factors are:

] exp(—ikty) dty (6)

By comparing Egs. (6) and (7), we find only minor distinc-
tions. The sign has changed of the “longitudinal” argument
in the denominator; the integration is performed oxetin
Eq. (6) and overy, in Eq. (7). Since this is the “umbral” ar

01 (1) gument, the result does not depend on the type of particular
n [ } exp(—iktr)dty @) variable. Hence, expansions of the local and the normalized
Q2 (1) universal functions are obtained by essentially the same pro-
After finding quantitiesB, we construct functiong1(z,)  cedure. The key distinction is that initial data are related to
andux(z1) by using Eq. (5), and afterwards we compute thethe LT when we obtain the universal factor, and to the UT
genuine functiong/y(z1.), Ua(t1): when we obtain the local modulation factor.

1
21 [exp(—ikn1) — exp(—ikiz)]

Un (1) =um (L) - Q) m =1, 2 (8) We use below the SR records 24 h long, and an extension
to a wider interval is rather straightforward. The Fourier co-
efficients might be computed directly or by using the stan-
dard FFT procedure.

with the average intensity at a site:

To conclude the formal description, we mention the sim-
plest possible signal processing: the geometrical averaging.
Finally, the local timeg;, of observatories are translated into Let us assume that two observatories have the longitudinal
the universal time, and we obtain the functidiig(ry) and separation of 180or (A1—A2)=+x. The basic terms in the lo-
Ux(ty)- The last procedure provides two “independent” esti- cal modulating functiond.1(¢;) and L2(¢;) having the 24 h
mates for the global thunderstorm activity. Their consistencyperiod will be equal in amplitude and have the opposite sign.
reflects the robustness of the procedure. As a result, the sum of intensity logarithms retains only the

2
— 1
O 1) = 5 / O (1) dir. ©)
JT
0
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816 A. P. Nickolaenko and M. Hayakawa: Universal and local time components in Schumann resonance intensity

universal terms: model data should be realistic, therefore, we use the follow-
ing approach. The global thunderstorm distribution was ob-

S=In[P (ty, V)] +In[P (ty, A+ 7)] served from space by the Optical Transient Detector (OTD)
~ U (ty)[1+ ReA1 (ty)] + U (ty) [1 — ReA1 (ty)] (Christian et al., 2003), and we use the low resolution full
— 2U (1p) (10) climatology dataset with the step of 2.5 by 2.5 degrees. To

introduce the daily motion of thunderstorms, we apply the
Equation (10) indicates that geometrical averaging of inten-Dayside (DS) model (Nickolaenko et al., 2006; Pechony et

sities al., 2006). This model is the mask covering the dayside of the
globe for the specific date and the time (UT). The mask is ap-
GA = \/P (ty, 21) - P (ty, A2) (1)) plied to the OTD map relevant to a particular month, and the

N ) o ) lightning flashes are “active” within the dayside, while those
represents the “rectified” universal variations. Physical ex-at the night side do not occur. The mask circles the globe
planation of this effect is'simple: when storms come closer togyring the day, thus the daily motion of thunderstorm activ-

independent of the source distance. Whep-t2)=+m, We  mask toward the evening terminator so that its center (the
exactly haveGA=U (1y). When observatories are separated potential peak of activity) is placed at 17:00 LT.

in longitude by a smaller value (or their latitudes are differ-

ent), the compensation is incomplete of the local modula-penqent and form a Poisson succession of electromagnetic
tions. _ o _ pulses, therefore, their intensities are summed. The contri-
The idea of geometric averaging is easily extended t0 the, ion from a particular cell is directly proportional to the
case of many sites. For instance, when we have three obsmper of flashes here. Such a model allows for comput-
servatories (separated by 3 in Iong|tude),3the globalthun- in the intensity of any field component or any second-order
derstorm intensity is evaluated By (ry) =/ P1-P2-P3, €. miyeq statistical moments of the fields (Nickolaenko et al.,
Simple geometrical averaging of the UT data provides an €S2006; Pechony et al., 2006). We computed the power spectra
timate for the intensity of the global thunderstorms. Vice ¢ E field component at a site for the given hour UT and for

versa, the procedure applied to intensities recorded in the log, 15:h day of each month. Afterwards, we integrated the
cal time provides an estimate for the local modulating func-.4 intensities in the frequency band from 4 to 26 Hz and

tion. We show with the model data that geometrical averag-yptained the function®y(1y), Pa(ty) and Q1(t1), O2(t1)
ing is as efficient as a more complicated Fourier eXpanSio’blotted in Fig. 1.
algorithm.

Strokes within individual cells of the OTD map are inde-

Every frame in Fig. 1 combines 12 diurnal patterns shown
against the local (Fig. 1a) and universal time (Fig. 1c). The
3 Modeling of the SR data 24 h diurnal alterathns follow each other in correspondence

with the month starting from January.

After formulating the main points of data processing, we turn Model diurnal patterns at two distant observatories have
to computing the SR spectra and obtaining variations of cuydnuch in common. Field intensity noticeably increases dur-
mulative intensity at two points of longitudes andx,. In ing the summer. As we already noted, alterations become es-
particular, we use observatories separated both in longitudeRecially similar when plotted against the universal time (see
and latitudes: Lehta (Karelia) and Moshiri (Hokkaido). We Fig. 1c), which confirms the general idea that the cumula-
use the uniform model of Earth — ionosphere cavity. Fre-tive SR intensity closely represents the global thunderstorm
quency dependence of the propagation constant is approxactivity. The lower plot (Fig. 1d) is a reference, and it de-
imated by the following linear function (Nickolaenko and Picts the cumulative number of lightning flashes recorded

Hayakawa, 2002): by the OTD satellite. The model source intensity is pro-
portional to this quantity. In an ideal case, when the spatial
v(f) = f-2 ii (12) modal structure of resonance oscillations is completely com-
70 pensated, the SR records must coincide with the reference

Let us test the above modifications of the Sentman and Frasé:élé:;lzxi(sjt:r gﬁtn:: %L:\taetéogj rllr;(tilggitr?citgztcfg&ggg undoubt-
(1991) approach. In addition we compare our data with con- ' '
clusions by Pechony and Price (2006) based on a different
source model.

One might use, say, the single point source model (Yatse4 Extracting the local factors
vich et al., 2006) for the purpose, or the model of three global
thunderstorm centers (Nickolaenko et al., 1998) and syn-As the first step, we process the model data similarly to Sent-

thesize the necessary “experimental” data set. Clearly, thenan and Fraser (1991) and Pechony and Price (2006). The

Ann. Geophys., 26, 81822 2008 www.ann-geophys.net/26/813/2008/
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Fig. 2. Local modulation functions for model Schumann resonance records at Lehta and Moshiri extracted by the Sentman and Fraser (1991)
algorithm. A single term in the Fourier series.

initial data are the functions of the universal time, and we Lissajous plots (time U&[1; 24] is the parameter). The ar-
exploit only theA; Fourier coefficient. row shows the clockwise temporal motion of the represent-
Figure 2a surveys monthly/diurnal alterations of the mod-ing point; the starting and the final points are marked. One
ulating functionsL1 (Lehta) andL, (Moshiri) versus UT.  may see that only two parameters of ellipses vary with sea-
Again, twelve diurnal patterns are shown, each correspondson: the size and position of initial/ending points. Ellipticity
ing to different month. We observe that local modulations and orientation of the curve remain stable regardless the sea-
increase in winter and decrease in summer, and the positiosonal drift of thunderstorms. The ellipticity depends on the
of peak depends on the season. Figure 2b compares the saftemgitude separation of the sites, and the Lissajous plots are
variations plotted in the local time. The wide pink lines here the wide ellipses fok1—1,=110. For the 90 separation the
depict the Lehta data, while results for Moshiri are plotted plot would become a circle, and it is the straight line for 180
by narrow black marked lines. Characteristic months weredegrees. Such a behavior of our model data agrees with the
chosen: January, April, July, and November. We must recallexperimental results published by Polk and Fitchen (1962).
here that Sentman and Fraser (1991) have noted an outstanBigure 2d explains why the initial phase of sinusoidal pat-
ing similarity of these curves and attributed them to varia-tern varies with the month: alterations are caused by changes
tions of the local ionosphere height. Such an interpretationin the imaginary and real parts of the compléx ampli-
looks reasonable if we accept that cumulative SR intensity igude. The black line depicts Ré&1}, and the red line shows
completely independent of the source — observer geometrym{Aj}.
Unfortunately, this is not so because the ionosphere height We conclude that our model data support the conclusion
is an invariant in our model of the uniform cavity and only made by Pechony and Price (2006): the local time variations
source motion might cause variations in our data. Thus ouremain in the cumulative SR intensity, and these alterations
computations support the conclusion by Pechony and Pricare connected with the diurnal/seasonal motion of thunder-
(2006) based on different cavity and the source model. Physstorms around the globe.
ically, Fig. 2 shows that cumulative resonance intensity does After repeating the processing suggested by Sentman and
not completely remove the modal structure, and the effect ofFraser (1991), we extend the number of Fourier coefficients
source proximity is still present in the data. in an attempt to obtain the detailed variations. We use five
Figure 2c shows the impact of seasonal redistributionharmonics in Eq. (6) and substitute these into the series (4).
of global thunderstorms on the peak positioning in the  Relevant local modulating functiords andL, are shown in
functions. We use January and July data here depicted asig. 3. The upper frame (Fig. 3a) depicts the monthly/diurnal
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(a)
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Fig. 3. Local modulation functions for Lehta and Moshiri obtained with a series of five terms in the Fourier series.

modulations against UT. One can observe that additionallhe U; and U, functions obtained will be regarded as “re-
terms substantially modify the patterns. Now, the smallestcovered”, which are depicted in Fig. 5a. Functidhslter
modulation occurs in the intermediate seasons, which is irsimilarly in general, and deviations appear in summer. How-
accord with observations of the first SR frequency: the thun-ever, correspondence of tli& and U patterns in Fig. 5a
derstorms “spread” over the globe during the intermediateis less pronounced than that of the local modulating func-
seasons (Nickolaenko and Rabinowicz, 1995; Nickolaenkdions L. Plots (c) in Fig. 5 show that geometric averages are
et al., 1998). also close to each other and to the recovered universal mod-
Figure 3b shows the modulation factdrs andL, against ~ ulations. Data are also similar to the “input” source intensity
the local time. We plot the Lehta data by wide magentashown by the lowest line in Fig. 5d. We must note that simple
lines, and those for Moshiri by the narrow black marked geometrical averaging procedure provides results as good as
lines. The same four characteristic months were used for th&nore complicated procedures of evaluating Ih&unctions
seasons. One may observe that plots became complicatetitst and deriving thé/-function afterwards.
however, their similarity was preserved. It is interesting to
note that Fig. 3b indicates the smallest source — observer
distance around 16:00 LT, which agrees with the general de5 Extracting the model universal factors
scription of thunderstorm development. The morning peak
around 10:00 h probably reflects the thunderstorm activity inWe described an alternative variant of the data processing,
the South-East Asia. The nighttime summer peak should bevhich is based on Egs. (5) and (7). It allows us to di-
attributed to thunderstorm activity at the West coast of therectly reconstruct variations of the universal factoisz; )
North America. Since we perform a “controlled” numeri- andu(s.). The results are presented in Fig. 4a in the man-
cal experiment, we can readily check the above interpretaner similar to that of Fig. 3a. Figure 4a surveys the diur-
tions with the OTD maps and with the relevant variations in nal/monthly alterations of the “normalized thunderstorm ac-
the flash number (Nickolaenko et al., 2006; Pechony et al.tivity” against the local times of Lehta (dark blue line) and
2006). Figure 3c illustrates the behavior of the complgx ~ Moshiri (magenta curve). As we see, the estimated source
coefficients for five Fourier terms<[1; 5]. activity varies substantially up to ten times, and the peak-to-
We can derive the universal functiobg and U, now by peak alterations decrease almost to two-fold level during the
dividing initial intensitiesP; and P> by modulating functions ~ summer season.
LjandLj. Thisis an obvious way for obtaining the universal ~ Similarly to the local modulating functions, the nor-
modulations as a proxy of the global thunderstorm activity. malized universal variations are close to each other when

Ann. Geophys., 26, 81822 2008 www.ann-geophys.net/26/813/2008/



A. P. Nickolaenko and M. Hayakawa: Universal and local time components in Schumann resonance intensity 819

Jan Teb Mar Apr May Jun  Jul Aug 6 Sep Oct Nov  Dec

u(LT)

LT/Month

w(UT)

U(UT)

0 24 48 72 96 120 144 168 192 216 240 264 288

UT/Month

Fig. 4. Universal modulation functions: the normalizedJT) and the “absolute” -/(UT) obtained from the Lehta and Moshiri model
data with a series of five terms.

translated from the LT to UT with the help of Eq. (3). Fig- Jan Feb Mar Apr May, Jun, Jul | Aug Sep Oct Nov Dec,

ure 4b compares the daily patterng(sy) and ua(ty) for ] :Pl:/F:’Z: m I

twelve months of a year. Wide blue line presents the Lehte o
data, and data for Moshiri are depicted by magenta line. Plot: 2
in Fig. 4b practically coincide. After multiplying the normal-
ized patterns by the daily average intensities at relevant site
(9), we obtain the “absolute” curvé$ (tyy) andUz(ty) pre- o
sented in Fig. 4c. The “scaling factor” separates individual 2
patterns. The coincidence is retained for some months. De =
viations are conditioned by an inequality of the median dis-
tance from the sources to the observatories: we use the site
separated not only by the longitude, but also along the lati-
tude. In experimental studies, similar deviations might also
arise from departures in the data calibration.

GA

Flash Number

6 Comparison of universal patterns recovered  UT/Month
We compare in Fig. 5 all kinds of variations obtained for ¢y 5 gsyrvey of universal modulations. Curv depict the re-
the universal time factor$/. The upper plots show the gyits after compensating the local factdrs Curves(b) show the
“recovered” data when the local modulations were foundresults of direct evaluation o (UT) by using theQ4/0Q> ratio.
first, and the function®/1(UT) andU,(UT) were derived by  Curve(c) is the geometric averag@A(r;), and curve(d) depicts
compensating the local modulatiohg(UT) and L2(UT) in the model source intensity.

the recordsPy(ry) and P»(tyy). The dark blue curve corre-

sponds to the Lehta data and the magenta line depicts those of

Moshiri. The green line is the reference curve: the postulated
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Jan_Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec arbitrary combination of resonance spectra collected at dis-
i tant observatories. Below, we apply the above procedures
toward experimental data accumulated at Lehta and Moshiri.

1.2

7 Processing of the experimental data

Experimental data (see Fig. 6) were collected at the Lehta
and Moshiri observatories. The dark blue line depicts the
UT/monthly variations of resonance intensity in thgw

<H (UT) > pT’

HgyLehta

B component at Lehta and the pink line depicts tHgg
- | Hys Moshiri Moshiri record. Experimental data continuously cover the
0 24 48 T 96 120 144 168 193 216 240 264 g8 period from January 1999 to December 2001. We use the

UT / Month monthly averaged diurnal variations at a site. As Fig. 6
demonstrates, diurnal patterns of Lehta and Moshiri are sim-
Fig. 6. Experimental data offgy component at Lehta and the ilar, especially in winter. Deviations appear in the interval
Hy s field at Moshiri. from May to September, probably caused by a contribution
from the nearby lightning strokes: the fine structure of the
Moshiri record might be conditioned by thunderstorms of the
source intensity or the cumulative flash number used in comggyth-East Asia and the Northern Australia.
putations. Figure 7 surveys the processing results of the experiment.
Figure 5b depicts the results of another variant of data proPlots are depicted against the time/month argument as it was
cessing when the UT modulation is directly reconstructeddone before. Plot (a) in Fig. 7 presents the initial dagé;)
from the resonance intensitig®1(r,) and Q2(rz). Two  — Lehta (blue line) and(ty) — Moshiri (pink line) as the
curves in Fig. 5b are in a better agreement with the cumulafunctions of the universal time. According to Polk (1969)
tive flash number than the previous pair of Fig. 5a. Improve-and Nickolaenko (1997), these plots are two independent
ment is especially pronounced in the summer months wherestimates for the diurnal/seasonal alternations in the global
the recovered curves of Fig. 5a seriously deviate from eachhunderstorm activity.
other and from the flash number. The third panel, Figure 5¢c, Figure 7b shows the same data plotted against the local
shows the geometrical averageA=+/Py (ty) - P2 (ty) of  time of observatoriesQ1(1;) — Lehta (blue line) and» ()
the data. Again, the simple procedure proved to be efficient- Moshiri (pink line). Figure 7c depicts the local modulat-
and correspondence with the source intensity is as good as ig functionsL1(z;) and La(¢7) derived with the five term
plots (a) and (b). The lowest plot in Fig. 5 separately depictsFourier expansion (4). These two functions coincide again.
the diurnal/seasonal alternations of the cumulative number oHowever, variations following from the SR measurements
flashes. deviate from the model data of Fig. 4, thus indicating lim-
As Fig. 5 demonstrates, patterns obtained by differentitations of any, even sophisticated models. The local factors
schemes have much in common. All contain the typical fea-have patterns varying with season, and the highest modula-
ture of an afternoon maximum in the thunderstorm intensity,tion may exceed:40% level even in the cumulative SR in-
the increase during summer. General reciprocity is presentensity.
in the postulated source intensity. It seems that plots (b) and The right plots in Fig. 7 present the universal modulation
(c) are slightly better than plot (a). However, every curve factors against the UT. Figure 7d depicts functiéigty) —
deviates from the flash number, and we cannot state that SRehta (blue line) and/,(zyy) — Moshiri (pink line). These
intensity enables an exact derivation of the global thunderwere obtained by dividing the original records(¢;) and
storm activity. One may speak about definite quantitative P,(¢;;) by the local modulating functions; (f;;) andLy(ty).
agreement with possible deviations 6P0%. Such an ac- Figure 7e shows the universal factors obtained by the second
curacy is not bad if we have in mind the global coverage andvariant of the processing: the direct extraction from the orig-
operational efficiency of the technique. inal records (5). Figure 7f shows the geometric average of
To conclude presentation of the model data, we must menexperimental data in the UT.
tion that SR computations were also made for two orthogo- By comparing the right plots of Fig. 7d—f, we note that
nal horizontal magnetic field components. Similar process-variations of different universal factors have much in com-
ing was applied toward arbitrary combination of the fields mon. A closer inspection shows that diurnal changes in
“recorded” at Lehta and Moshiri, and the results were sim-plot (d) seem to be too high, while the plot (f) does not show
ilar. This indicates robustness of the technique: the sourcgreat enough variations in summer. The plot (e) occupies an
intensity estimated is independent of the particular field com-intermediate position. All variations agree with the climatol-
ponent. This allows us to extend the above conclusion on thegy data, however, individual patterns deviate in details. It
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Fig. 7. Survey of experimental data from Lehta and Moshiri and of the local and universal modulations derived.

is important to mention a “podium” in the global lightning lative resonance intensity recorded in the universal time. The
activity present in experiment. Owing to the podium, neither second variant directly extracts the universal factor from two
SR intensity nor the evaluated thunderstorm activity becomeecords, each performed in the local time. The third one is
very small (Yatsevich et al., 2006). This experimental resulta simple geometrical averaging of the input data presented
contradicts the expectations based on climatological percepin the UT. Computations show that all variants similarly im-
tions. Indeed, the global thunderstorm activity is small overprove the reciprocity to the model source intensity, but the
the oceans. The resonance signal should decrease by a famincidence is never achieved. Characteristic deviations are
tor of ten or so during the UT night when the Pacific thun- of £20%.
derstorms (being practically absent) become the major field The same three variants of signal processing were applied
source. Instead, the observed intensity reduces, but only by toward the averaged long-term experimental data collected at
factor of 2 or 3 because the experimental curves are elevatellloshiri and Lehta observatories separated along the latitude
over the abscissa, as if they are placed on a “podium”. Theand longitude by a great distance. Both local and univer-
level of such a podium increases in summer. Probably, thesal modulating functions were deduced from the records. A
podium signal reflects the thunderstorm activity uniformly comparison of the universal variations showed their qualita-
distributed over the globe (Yatsevich et al., 2006). tive similarity. Results of data processing show that none of
these variants allows for exact deducing the instant level of
the global thunderstorm activity from the SR. The accuracy
8 Conclusion of the estimates is about20%. The geometrical averag-
ing of the SR data acquired at distant sites is the simplest
In the present paper, we extend the Sentman and Frasegchnigque, which provides accuracy comparable with that of
(1991) technique suggested for separating the universal anghore complicated Fourier expansions.
the local factors in the SR intensity. We tested the tech- Two particular observatories were used here to illustrate
nique on the model resonance data relevant to the uniformhe idea. Additional studies are possible comparing different
Earth-ionosphere cavity with the spatial distribution of light- pairs of existing sites. Besides, an optimal positioning might
ing strokes based on the OTD satellite records. The Daysidée sought for the SR observatories that monitor the global
Model was applied, and particular observatories were chosethunderstorm activity. However, these interesting points de-
at Moshiri (Japan) and Lehta (Russia). serve a separate treatment.

Computations indicate that the integrated field intensity of Summarizing the results of present study, we formulate the
resonance yet depends on the source distribution thus corfellowing recommendations for estimating the global thun-
firming conclusion by Pechony and Price (2006). The algo-derstorm activity from SR records:
rithm we use includes the higher-order Fourier terms, so that
diurnal variations acquire complicated forms that alter with
the season.

The major goal was extracting the universal modulating
function, which reflects alterations in the global thunder- 2. Take experimental data in the local time of the sites and
storm activity. Three variants were used for the purpose. The  directly extract theU-factors representing the global
first one finds and compensates the local factors in the cumu-  thunderstorms.

1. Use at least five terms in Fourier expansions of the locall
and global factors. These might be helpful when obtain-
ing traces of the global thunderstorm centers.
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3. Include the geometric averaging of cumulative intensi- Nickolaenko, A. P. and Hayakawa, M.: Resonances in the Earth-

ties recorded in the UT. Its closeness to thdactors ionosphere Cavity, Kluwer Academic Publishers, Dordrecht-
found with the Fourier expansions is a measure of accu- Boston-London, 380 pp, 2002.
racy of the “output” data. Nickolaenko, A. P., Hayakawa, M., and Sekiguchi, M.: Variations

in global thunderstorm activity inferred from the OTD records,
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