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Abstract: The diurnal variations of GCR intensity observed by the ground NM stations represent the
anisotropic GCR flow at 1 AU. It is generally believed that the variation of the local time of the GCR
maximum intensity (phase) has 22-year period of two sunspot cycles. However, there even exists doubt
on such anisotropy variation cycle. In order to determine the cycle of GCR anisotropy variation, we
carried out the statistical study on the diurnal variation of phase. We examined the 52 years data of
Huancayo (Haleakala), 38-year data from Rome, 42-year data from Oulu NM stations. We applied the
F-test to determine the statistically meaningful period of anisotropy phase variation. The phase variation
has two components of 22-year and 11-year cycles. The NM station in the high latitude (low cut-off
rigidity) shows mainly the 22-year cycle. However, the lower the latitude of NM station is, the higher
contribution from 11-year cycle.

Introduction

The diurnal variation of GCR count rate mea-
sured by the ground NM station represents the
anisotropic flow GCR at 1 AU. The indication
that the local time of the GCR maximum intensity
(phase) of GCR diurnal anisotropy varies with a
period of two sunspot cycles ([2], [11], [12]).

However, the other researchers ([5], [9], [10]) has
questioned the existence of 20 year wave as well as
its interpretation in terms of drift theory.

The papers of [6], [7], [8], [4], and [3] mentioned
that the diurnal anisotropy consists of two compo-
nents of the dominant wave with a period of two
sunspot cycles and the minor wave with a period
of one sunspot cycle. However, interpretation of
the mechanism in the diurnal variation has been
still a matter of debate. [1] suggested that the
important contributions in the variation of the di-
urnal anisotropy are the rigidity of particles and
B ×∇np.

From the results of [6], [7], [8], [4], [3], and [1],
we caught out an idea for the phase of diurnal
anisotropy. That is, the intensities of high-energy
and low-energy particles are controlled by the dif-
ferent effect such as drift or diffusion. Thus, the

phaseof the diurnal anisotropy consists of two
components, such as one and two sunspot cycles.

The previous studies on the diurnal variation are
concentrated on the mechanism and anisotropy of
diurnal variations. Now we examined the statis-
tical study on the diurnal variation with the fol-
lowing aims. First, we examine the characteris-
tic differences of the phase variations among the
NM stations sited at different latitudes and lon-
gitudes (Oulu, Rome, and Huancayo-Haleakala).
Secondly, we investigate the long-term change of
the phase during the solar cycle 20-23 and find the
dependency on the solar activity of the diurnal vari-
ations.

Data and Results

1. Data and Analysis

We analyzed the hourly GCR intensity data
archived at Huancayo (Haleakala), Rome and Oulu
NM stations, and examined the latitudinal effect
(cut-off rigidity effect mentioned by Aggrawal
(1983)) on thephase. We used the data from
Huancayo NM station for the period of 1953-1991
and the data for the period of 1992-2005 from
Haleakala NM station as the replacement of Huan-
cayo NM station. Table 1 describes the location
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and the configuration of NM stations whose data
are used in this work.

In the previous studies, the yearly mean vector of
the diurnal variation (phasedirection and variation
amplitude) is derived by the vector sum of the daily
vector of the diurnal variation. We call this proce-
dure as the ‘pick-up’ method. However, here we
introduced new method in determining the yearly
meanphasedirection. It would be called as the
‘pile-up’ method. The GCR intensity of the each
local time is summed up for the whole year delet-
ing the data of FD event or GLE event dates. The
yearly mean vector of diurnal variation is derived
from the harmonic analysis on this yearly averaged
GCR intensity.

In short, the ‘pile-up’ method does the harmonic
analysis one time for the yearly averaged GCR
intensity hourly distribution instead of doing the
analysis on daily noisy data like Figure 1.a as an
example and later summing up the vectors for the
whole year. Thus our new method has three ad-
vantages. 1) It uses very smoothly distributed data
without applying any smoothing filters as shown
in Figure 1.c. 2) It also gives a view on the yearly
mean GCR intensity directional variation with re-
spect to the sun. 3) It saves the time and labor in
calculation of harmonic analysis.

Figure 1 compares the results from the data of
the year 1999 at Haleakala NM station. Figure
1.a is an example of diurnal variation for one day
(1999.02.28). Figure 1.b and Figure 1.c are the
results from the pick-up and pile-up method for
whole year of 1999.

2. Results

Figure 2 indicates the yearly meanphase. As
it goes from the high-latitude to low-latitude, the
phasegets at the earlier time. And thephasevari-
ation with the period of two sunspot cycles gets
weaker and disappears. We found thephasevaria-
tion by the latitude from Figure 2.

We applied the F test on the sine curve fits using
the results by the least sum of squares. Table 2
indicates the results of the F test at each NM sta-
tion. We compared the sine curve fit with super-
posed period of one sunspot cycle and two sunspot
cycles, with the sine curve fit with the period of
two sunspot cycles respectively in application of
the F statistic. At the level of significance with the
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LT at Haleakala [1999]
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Figure 1: Examples of result (Haleakala on 1999).

IC
R

C
 2007 P

roceedings - P
re-C

onference E
dition



30TH INTERNATIONAL COSMIC RAY CONFERENCE

Table 1: Configurations of the NM stations.
Geographic Geomagnetic

NM Station Latitude Longitude Latitude Longitude Cut-off rigidity Data period Local Time
Huancayo 12.03 S 75.33 W 2.06 S 3.47 W 12.92 GV 1953-1991 UT−05h
Haleakala 20.72 N 156.28 W 21.35 N 88.44 W 12.91 GV 1992-2005 UT−10h
Rome 41.90 N 12.50 E 42.09 N 93.55 E 6.32 GV 1967-2004 UT+01h
Oulu 65.05 N 25.47 E 61.97 N 117.07 E 0.81 GV 1964-2005 UT+02h

value of 0.05, the critical F-ratio for rejection re-
gion, P-value, the F-ratio of comparing among the
sine curve fits are listed in Table 2.

Figure 2: Yearly meanphasesat Oulu, Rome, &
Huancayo NM stations. The solid line stands for
Oulu, the dashed line indicates Rome, and the dot-
ted line represents the Huancayo NM station.

From the comparison between the sine curve fit
with the superposed period and that with the period
of two sunspot cycles, the sine curve fit with the
superposed period is also more appropriate. The
small F-ratio at Oulu and Rome NM stations sug-
gests that the yearly meanphasevaries with the
period of two sunspot cycles rather than with the
period of one sunspot cycle.

As the NM station is located at higher latitude and
has lower cut-off rigidity, the sine curve fit with
the period of two sunspot cycles is consistent with
the real yearly meanphasebetter. As the NM sta-
tion has higher cut-off rigidity and is located at
lower latitude, the yearly meanphasevaries with
the superposed period. As Forbush (1967, 1969,
1981) suggested in the past, the yearly meanphase
consists of one sunspot cycle and two sunspot cy-

cles, but the two components are all major at low-
latitude NM station on this study.

Summary

1. At the solar maximum, thephasegets later
about 2-3 hours than at the solar minimum.

2. In view of the location, that is, the latitude of
NM station, there exists the period of two sunspot
cycles in the yearlyphaseexclusive of Huancayo
with high cut-off rigidity. The yearlyphaseoscil-
lates with the superposed period of one sunspot cy-
cle and two sunspot cycles at Huancayo NM sta-
tion.

3. As the latitude of NM station gets higher, the
phasegets delayed, that is, thephaseis from near
the noon to afternoon.
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