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Abstract. Global geomagnetic activity has been suggested tdOn the ground, the propagation of PLHR through the mag-
be enhanced during weekends above the weekly average aftaetosphere was first observed by Helliwell and Katsufrakis
1930. Before the 1930s, weekends and weekdays were found974). Subsequent studies verified that man-made VLF
to be equally active. This so-called “weekend effect” was waves can propagate from the ground into the magnetosphere
suggested to be due to power line harmonic radiation (PLHR)Helliwell et al., 1975; Park, 1977; Park and Helliwell, 1978).

in the VLF range emitted by electric power lines. Since the During the past decade, low-altitude satellites have been used
consumption of electric power is different on weekends andto study the anthropogenic PLHR in space. The AUREOL 3
weekdays, leading to different PLHR intensities, this could satellite was the first to observe PLHR at mid-latitudes (Par-
possibly cause the “weekend effect” in global geomagneticrot, 1994).

activity.

In the present paper, we reanalyse the suggested “Weelﬁ-V
end effect” in global geomagnetic activity using the 69-year
planetary geomagneti¢,, index and the 131-year antipodal
aaindex. We conclude that there is no statistically significant
“weekend effect” during the interval covered by these geo-

Fraser-Smith (1979) reported that global geomagnetic ac-
ity had increased during weekends since the 1930s. He
studied global geomagnetic activity by the 7-day superposed
epoch analysis using the daily values of thg andaa in-

dices in the 46.5-year (1 January 1932 — 6 June 1978) and

magnetic activity indices. Although global geomagnetic ac- 110-year (1 January 1868 — 31 December 1977) intervals,

LT respectively. For thaa index, separate analyses were con-
tivity is slightly enhanced on weekends from the 1930s to theducged in tr)(e 63-year (1868—193%) and 42-y)</aar (1931-1972)
1980s, the more recent data show rather a relative decrea?e

; . o Ime intervals. No increase was observed before the 1930s,
in global geomagnetic activity on weekends, contrary to the, L

. i ) N ; but thereafter activity on weekends was enhanced. Fraser-
expected increase in the “weekend effect”, due to increas;

ing power consumption. Moreover, the weekly distribution _Sm|th (1979) suggested that this so-called *weekend effect

is fairly similar in solar wind speed and global geomagnetic is due to the consumption of electrical power, which is larger

activity during the last 35 years, further supporting the view on weekdays than on weekends, and which has greatly in-
that the “weekend effect” is onl); a statistical fluctuation. creased since the 1930s. According to Fraser-Smith (1979),

global geomagnetic activity is smaller on weekdays because
Key words. Geomagnetism and paleomagnetism (time vari-the strong PLHR affects the magnetospheric processes so
ations, diurnal to secular) — Magnetospheric physics (planethat natural disturbances are suppressed. On weekends, the
tary magnetospheres; storms and substorms) activity would be higher because the smaller level of PLHR
would have a smaller suppressing effect.

In this paper, we reanalyse the study of Fraser-Smith
1 Introduction (1979) and extend it using 22.5 years of additional and more
recent data on global geomagnetic activity. With an ever in-
Electrical power lines radiate waves in the VLF (very low Creasing power consumption, one could expect the “weekend
frequency, 300 Hz — 30 kHz) range at harmonics of their fun-€effect” to be strengthened during this time. We examine the
damental frequency, which is usually 50 or 60 Hz. This so-"“weekend effect” in thed, index in Sect. 2 by the super-
called power line harmonic radiation (PLHR) may, in prin- posed epoch method and in Sect. 3, by spectral methods. In

ciple, have effects on the behaviour of the magnetosphereSect. 4, we present a detailed time profile for the “weekend
effect” using the 131-yeama index. Section 5 presents our
Correspondence toA. Karinen (arto.karinen@oulu.fi) conclusions.
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Table 1. Mean values (m) and standard errargJ of the A, index 3 Spectral analysis of thed , index

for each day of the week in 1932-1978, 1932—2000 and 1978-2000 . .
Fraser-Smith (1979) noted pertinently that the spectral anal-

ysis of lengthy intervals of the , (e.g. Fraser-Smith, 1972)
1932-1978 1932-2000 1978-2000 andaaindices (e.g. Delouis and Mayaud, 1975) do not show

" om " om " om a well-defined 7-day spectral line. He suggested that this
Mon 1466 033 1496 0.28 1577 0.52 could be reconciled with the results of the superposed epoch
Tue 1416 031 1444 026 1520 0.45 method if the weekend increase only occurs intermittently in
Wed 14.28 0.31 14.49 0.26 15.12 0.45 {ime.
Thu 1418 033 1439 026 1491 04l We have studied the temporal occurrence of spectral power
Fri 14.21 0.34 14.51 0.27 15.16 0.43 « A .

and the “weekend effect” in Fig. 2. The top panel depicts the

Sat 14.74 0.35 14.78 0.28 14.78 0.46 . . .
sun 1473 036 1470 028 1469 044 dynamic FFT spectrum of the, index for periods from 6

to 8 days. Thed, data were split into successive annual
sections, detrended and zero-padded, and the average FFT
power spectral density was calculated for each annual sec-
All days 14.42 013 1461 0.10 15.09 0.17 tion. The 6-8 day period part of the resulting annual spectra
has been depicted along the vertical axis in a monochrome
(black and white) intensity scale. The plot verifies that there
are isolated enhancements of geomagnetic activity within the
2 Superposed epoch analysis of the, index 6—8 day period range, but no continuous 7-day variation.
Most of the variation at 6—8 days occurs during the declining

We have calculated the weekly variation by the superpose((gj)hasiI of Fhetsolar cycle, where recurrent activity at 27-28
epoch method from the dailgt, indices for the time inter- ayrs] (t))mlna es. | of Fi deDi he i . dal

val 1 January 1932 — 6 June 1978 (the interval studied by The bottom panel of Fig. 2 _eplctst e 'T“e“S't_y and aiso
Fraser-Smith, 1979) and for two other time intervals: 1 Jan—t.he phase of the.weekly ‘.’af'a“on- The daA)_/) Series was
uary 1932 — 31 December 2000 (the whdlg interval until first band-pass filtered within the cutoff periods of 6 and 8
2000) and 1 January 1978 — 31 December 2000. Table 1 Iistgays' Then the annual means for each day .Of the week were
the averaget , values and their standard errors for each daycsllculated. Th_ese_ value_s are then depicted in a monpchrome
of the week for these three time intervals, and Fig. 1 depicts( ack and white) mFensny scale along the vertical axs soas
them visually. Our results for the years 1932-1978 are theto demonstrate the intensity and phase of the 7-day variation

same as those reported by Fraser-Smith (1979). with-in each annual sect.ion.
P y (1979) Figure 2 shows that in the years 19391942, 19461952
The average all-day, value for the years 1978-2000 anqg 1957-1962, there were large variations in global geo-

(see Table 1) is larger than for the years 1932-1978, remagnetic activity at the periods from 6 to 8 days. The phase
flecting the increasing trend of global geomagnetic activity of these variations favoured weekends, as can be seen in the
(see, e.g. Clilverd et al., 1998; Lockwood et al., 1999). How- pottom panel. For instance, in 1953, a strong spectral line
ever, this increase has mainly taken place on weekda}ys, whilg; the period of 7 days is seen in the upper panel, increas-
the weekend mean value in 1932—2_000 and also in 1978T-hg geomagnetic activity primarily on Sundays and also on
2000 has been roughly the same as in 1932-1978. Actuallj\iondays. We note that most of these do not have a period
while the interval studied by Fraser-Smith (1979) depicts o exactly 7 days and that spectral power is fairly evenly dis-
roughly a 2, signal of enhanced weekend activity, there yihyted over the depicted period range. However, some of
has been roughly a#, signal of suppressed weekend activ- the enhancements have a period close to 7 days (see Fig. 2).
ity in 1978-2000. Accordingly, global geomagnetic activity  oyerall, the power of geomagnetic activity variations be-
is smaller on weekends than on weekdays since the 1980$,een 6 and 8 days has become weaker after the early 1960s.
ipdicating that the “weekend effect” was reversed during thisTp¢ power in the 6-8 day period range was especially weak
time. from the early 1960s to the late 1970s. During the years be-
Consequently, the significance of the “weekend effect”tween 1979-1983, a few enhancements appeared primarily
during the more recent and largéy, interval has decreased close to the period of 8 days. Also some weak variations
considerably since Fraser-Smith (1979) published his studat a period of about 7 days occurred during those years. In
ies, and is now only within a &,, level. This development 1992-1993, strong spectral lines occurred with periods be-
is contrary to the idea that the “weekend effect” would be tween 6 and 7 days. In 1999, there was a clear 7-day spectral
further enhanced during the last 20 years due to enhancelihe which increased geomagnetic activity during the work-
consumption of electric power. The small overall level of ing week.
the “weekend effect” between 1932—-2000 and the variation It is interesting to note that Rodger et al. (2000) studied
of the “weekend effect” above and below the weekly aver-the so-called magnetic line radiation (MLR) for signs of an-
age strongly suggest that the “weekend effect” is only due tathropogenic effects. Contrary to the “weekend effect”, their
statistical fluctuation. Fig. 4 shows a pronounced peak of MLR activity on Thurs-

Weekend 14.73 0.25 1474  0.20 1473  0.32
Weekday  14.30 0.15 1456 0.12 1523 0.20
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Fig. 1. Mean values and standard errors of thgindex for each day of the week in 1932-1978, 1932-2000 and 1978-2000.

1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Fig. 2. (top) Dynamic FFT spectrum for the daily, series in 1932-2000. Black colour represents large intensities. (bottom) Phase
presentation for the weekly variation df, in 1932-2000. Black (white) colour represents large, positive (negative) variations and grey
colour represents the zero level.

days in the four months of VLF data of June, July, Septembemeekly averages are compared with the values of the subse-
and December 1995. We studied the same period using thguent weekends.
A, index, but found neither a weekend increase nor a Thurs- |n order to avoid the effect of long-term variations and
day maximum in geomagnetic activity (see also Fig. 2).  trends, we have subtracted the running 13-day mean from
the dailyaa index series to form a high-pass filterad se-
ries. All periods longer than 13 days (e.qg. solar cycle changes
4 Long-term evolution of the “weekend effect” and 27-day variations) are thereby effectively removed from
theaaindex.
Long-term variations and trends can greatly affect a super- Also, in order to avoid the artifact of the weekend being
posed epoch analysis. Since global geomagnetic activity ist the end of the week, we have compared the (filteaad)
known to have increased fairly systematically during the lastvalues for the weekend with the average level of the two ad-
100 years, this might have led to the “weekend effect” whenjacent working weeks. We subtracted the mean of the 10
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Fig. 3. Cumulative sum of weekend-weekday differences calculated fromai&lices (solid curve). Running 10-year mean is depicted as
a dashed curve. Horizontal line depicts the zero level of cumulative sum.

weekdays around each weekend (Saturday and Sunday) froerease forms the basis of his evidence in favour of the “week-
the mean of the weekend, to form the series representingnd effect”. However, as seen in Fig. 3, the subsequent evo-
the weekend-weekday difference. In order to study the dedution of the cumulative sum is completely different, decreas-
tailed time evolution of the “weekend effect”, we have com- ing from the 1980s until today. This implies that global ge-
puted the cumulative sum of the weekend-weekday differ-omagnetic activity has been even weaker on weekends than
ences from thaaindices for the years 1868-1998 (1 January on weekdays since the 1980s.

1868 — 31 Dgcember 1998)’ and pIoFted th'?’ curvein ',:'g' 3. The small size of the fluctuations is below statistical sig-
The cumulative sum can directly depict the time evolution of nificance, as concluded earlier. Moreover, the fluctuating na-

any possible weekend enhancements. ture of the weekend-weekday difference, in particular the de-
Figure 3 shows that the cumulative sum has experiencedreasing sections in 1910-1940 and from 1985 until now, is
three major, increasingly large and primarily positive fluc- against a persistent “weekend effect” and the idea that the
tuations during the 131-year interval. The first fluctuation effect would be due to PLHR. Note that the decrease since
(1870-1890) lasted only 20 years and returned the sum td985 also excludes the possibility that the “weekend effect”
a zero level. The second, longer fluctuation (1890-1935)due to PLHR was active only in 1940-1985. Such a sce-
stopped with the cumulative sum retaining a small positivenario could be envisioned if the weekly variation of power
value. The third fluctuation started in the 1940s and is obvi-consumption was reduced recently, for example, due to in-
ously not yet finished. creased automation (supporting a 7-day work week). Au-
The first two fluctuations in the cumulative sum coin- tomation leads to indistinguishable weekend and weekday

cide with the time interval 18681930, which Fraser-Smith 2CtVity, but not to less active weekends.

(1979) reported only a little difference between the average Some detailed features that were found in the dynamic
weekday and weekend values. The major increase in the cuspectrum of thed , index (see Fig. 2) are also seen in the
mulative sum from about 1940 to about 1980 correspondsumulative sum foma. For instance, within the years 1939—
to enhanced geomagnetic activity on weekends, as found b§942, 1960-1962 and 1979-1982, the cumulative curve has
Fraser-Smith (1979) for his second time interval 1931-1972rapidly increasing sections, corresponding to simultaneous
using the superposed epoch method. Accordingly, this inspectral enhancements.
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We have also studied the weekend-weekday difference in  We have calculated the temporal evolution of the weekend-
solar wind speed. Figure 4 depicts the cumulative sums ofveekday difference during the last 131 years and find no sys-
the weekend-weekday differences for eand A , indices,  tematic or statistically significant enhancement of geomag-
as well as for the daily values of solar wind speed. Figure 4netic activity on weekends, neither during the overall 131-
shows that the weekend enhancement curves for solar winglear interval studied, nor during the more recent decades.
speed and geomagnetic activity are fairly similar over the 35-Instead of a systematically increasing trend, the weekend-
year interval covered. All three parameters depict a weak risaveekday difference depicts fluctuations which are, however,
from 1965 to a maximum in about 1980-1985 and a rapidbelow statistical significance. The earlier evidence in favour
decrease thereafter. This similarity is in accordance with theof the “weekend effect” was based on the rising part of the
fact that global geomagnetic activity on long time scales islargest to date statistical fluctuation of the weekend-weekday
driven by solar wind speed. difference. During the last 15-20 years, the activity has be-
come weaker on weekends than weekdays, contrary to the
behaviour expected for the “weekend effect”, due to power
line harmonic radiation. Moreover, the weekend-weekday

In this paper, we have reanalysed the suggested evidence féifference during the last 35 years is fairly similar in geo-
a h|gher level of g|oba| geomagnetic activity on Weekendsmagnetic aCtiVity and solar wind Speed. This isin accordance
since the 1930s (Fraser-Smith, 1979). The reason for thigvith the long-term driving of geomagnetic activity by solar
so-called “weekend effect” was suggested to be the differentvind speed and the purely statistical nature of the weekend-
amount of power line harmonic radiation between weekendgveekday difference.

and weekdays.

5 Conclusions
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