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• The cosmic ray diurnal anisotropy is examined for two neutron monitors with the same longitude and different latitude.
• The diurnal amplitude seems to be varied with the different phases of the solar cycle for the examined time period 2001 to 2014.
• Changes of the diurnal anisotropy vectors are observed during extreme solar and cosmic ray events.
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a b s t r a c t

The diurnal variation of cosmic ray intensity, based on the records of two neutron monitor stations at

Athens (Greece) and Oulu (Finland) for the time period 2001 to 2014, is studied. This period covers the

maximum and the descending phase of the solar cycle 23, the minimum of the solar cycles 23/24 and the

ascending phase of the solar cycle 24.These two stations differ in their geographic latitude and magnetic

threshold rigidity. The amplitude and phase of the diurnal anisotropy vectors have been calculated on

annual and monthly basis.

From our analysis it is resulted that there is a different behaviour in the characteristics of the diurnal

anisotropy during the different phases of the solar cycle, depended on the solar magnetic field polar-

ity, but also during extreme events of solar activity, such as Ground Level Enhancements and cosmic

ray events, such as Forbush decreases and magnetospheric events. These results may be useful to Space

Weather forecasting and especially to Biomagnetic studies.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Cosmic rays (CR) are particles at very high energies from ex-

traterrestrial sources within or outside the Milky Way with high

stability and isotropy in galactic scale. The intensity of galactic

cosmic rays (GCR) recorded by ground based neutron monitors

shows periodic and abrupt changes as the Sun and the interplan-

etary magnetic field (IMF) result in anisotropies and variations in

both the energy spectrum and the intensity of CR as a function

of space, time and energy called CR intensity modulation (Bieber

et al., 2010).

The diurnal anisotropy of CR intensity is an anisotropic, short-

term variation of local time with a periodicity of 24 hours due

to the rotation of the Earth around its axis and consequently the

rotation of cone detectors of CR, as shown in Fig. 1 (Pomerantz

and Duggal, 1971; Ahluwalia, 1988). The diurnal variation is the

result of complex phenomena involving the convection of GCR flux
∗ Corresponding author. Tel.: +30 210 7276890; fax: +30 210 727 6987.
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y the solar wind and the diffusion along the IMF, as discussed

y the convective-diffusive theory (Sabbah, 2013), the asymmetry

f the Earth’s magnetosphere resulting in a daily variation of

he local geomagnetic cut-off and the day-night difference in the

tmospheric structure (Bieber et al., 2010). The characteristics of

he diurnal variation (amplitude and phase) are also modulated

y the latitude, the longitude and the altitude of the detectors

ocation at Earth (Mailyan and Chilingarian, 2010).

The diurnal anisotropy depends on quite many parameters and

ts average annual features exhibit striking correlation with the

1-year solar cycle (SC), whereas the diurnal phase varies with

period of 22 years (one solar magnetic cycle) (Tiwari et al.,

012). The average amplitude of the diurnal anisotropy is 0.6%,

s calculated by Forman and Gleeson, and in some cases may be

s high as 1.5% (Forman and Gleeson, 1975). The solar diurnal

ariation of CR intensity shows a large day to day variability,

hich is a reflection of the continually changing conditions in

he interplanetary space. The average characteristics of CR di-

rnal anisotropy are adequately explained by the corotational

oncept. This concept supports the average diurnal amplitude in

pace of 0.4% along the 18 h (LT) direction. The direction of the

http://dx.doi.org/10.1016/j.newast.2015.12.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/newast
http://crossmark.crossref.org/dialog/?doi=10.1016/j.newast.2015.12.008&domain=pdf
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Fig. 1. Representation of the cosmic ray diurnal anisotropy model (left panel), and the convective-diffusion model of the diurnal variation of cosmic rays represented by the

observed (δ), convective (δc) and diffusive (δd) anisotropy vectors and the IMF vector in the ecliptic plane (Bxy) for a typical day (right panel) (Mavromichalaki, 1989).
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Table 1

Characteristics of Athens and Oulu NM stations.

Athens NM Oulu NM

Type Super 6NM-64 9NM-64

Geographic latitude 37.58° N 65.05° N

Geographic longitude 23.47° E 25.47° E

Altitude 260 m asl 15 m asl

Cut-off rigidity Rc 8.53 GV 0.81 GV
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nisotropy is not correlated with the SC and shows a systematic

hift towards early hours (Ananth et al., 1993; Kumar et al., 1990).

he phase shift is found to be greater in stations with high cut-off

igidity. The diurnal variation during the ascending phase of the

C can also be explained in terms of the changes of the cut-off

igidity (Ahluwalia and Ericksen, 1971).

The shift of diurnal time maximum can be qualitatively under-

tood in terms of the convective-diffusive mechanism (Forman and

leeson, 1975), which relates the solar diurnal anisotropy of CR to

he dynamics of the solar wind and of the IMF, either as an en-

ancement in the connective vector due to an increase in solar

ind velocity accompanied by an increase in the value of diurnal

nisotropy amplitude or as a decrease in the diffusive vector due to

he increase in the value of Kvert/Khoriz accompanied by a decrease

n diurnal anisotropy amplitude. If both of them operate simulta-

eously, the diurnal amplitude may remain constant (Agrawal and

ingh, 1975; Mavromichalaki, 1980). The diffusive anisotropy vec-

or δd for each day is obtained by vector subtraction of the con-

ective anisotropy δc from the observed anisotropy δ according to

he relation �δ = �δc + �δd (Fig. 1). Via this mechanism, the large vari-

tion observed in phases and amplitudes can be understood on a

ay-to-day basis. Periods of unusually large amplitude often occur

n trains of several days and cannot be explained by the co rota-

ional concept (Mavromichalaki, 1980).

The CR intensity variations observed near the Earth are an in-

egral result of numerous solar and heliospheric phenomena. The

trong magnetic field and its associated fluctuations are responsi-

le for the modulation of CR (Burlaga and Ness, 1998). This mod-

lation also includes other CR variations that affect the diurnal

ariation, such as Ground Level Enhancements (GLEs), Forbush de-

reases (Fds) and geomagnetic effects (GEs). The characteristics of

he diurnal anisotropy during extreme solar and CR events show a

emarkable variation.

In this work, the diurnal anisotropy of CR intensity recorded

t the Athens and Oulu neutron monitor stations during the time

eriod 2001–2014, is calculated. This time period covers different

hases of the last SCs 23 and 24 over which it was shown that the

R diurnal anisotropy presents different features. The diurnal vari-

tion during extreme solar and CR events recorded at these two

tations located at the same geographic longitude and different lat-

tude is also studied for the first time.

. Data analysis

In order to study the diurnal anisotropy of CR, hourly corrected

or pressure and efficiency values of the CR intensity from the neu-

ron monitor (NM) stations of the National and Kapodistrian Uni-

ersity of Athens - ANEMOS (http://cosray.phys.uoa.gr/) and of the
niversity of Oulu (http://cosmicrays.oulu.fi/) have been used. Both

f them provide high-resolution data in real time to the internet in

raphical and digital form. They are located at about the same ge-

graphic longitude, but in different latitudes having consequently

ifferent cut-off rigidities 8.53 GV and 0.81 GV, respectively. The

haracteristics of these NMs are given in Table 1.

The intensity of cosmic radiation as measured by the Athens

M is lower than the one measured by the Oulu NM, due to the

ifferent geographic latitude and consequently threshold magnetic

igidity Rc of each station. Thus, while the Athens NM detects neu-

rons originating from the reaction of the molecules of the atmo-

phere with particles of cosmic radiation with Rc> 8.53 GV, the

ulu NM records neutrons with Rc> 0.81 GV. The difference in Rc

esults in detecting a wider energy spectrum in Athens (Agrawal

nd Mishra, 2008).

The examined time period 2001–2014 covers the maximum, the

escending phase of the SC 23, the extended minimum of the SC

3/24 and the ascending phase of the SC 24. The diurnal vectors

or each day (amplitude and time of maximum) of this period were

alculated using Fourier analysis according to the equation

Ii = f (ti) = Imean + A′(cos ωti + ϕ) (1)

here Imean is the daily average of CR intensity, A’ and ϕ are the

mplitude and the phase of diurnal variation, respectively (Firoz,

008).

Our data have been normalized according to the equation:

= I − Imean

Imean
100(%) (2)

here Imean is the average CR intensity for each day and A is the

ercentage variation of the amplitude of the diurnal anisotropy.

The calculated diurnal vectors for the above period are pre-

ented on a harmonic dial on monthly and annually basis in

olar diagrams, an example of which is appeared in Fig. 3

Mavromichalaki, 1989). In such diagrams the diurnal anisotropy

s represented by a vector of length proportional to the amplitude

nd in the direction of the maximum intensity. This vector repre-

ents the anisotropy field. At the polar diagrams, the quantity A

s illustrated as a function of the phase, i.e. the time of the day at

http://cosray.phys.uoa.gr/
http://cosmicrays.oulu.fi/
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Table 2

Mean annual values of the amplitude and phase (in UT and LT) of the diurnal anisotropy for Athens and Oulu NMs for the time period 2001–2014.

Years Athens NM Oulu NM

A (%) Tmax (UT) Tmax (LT) A (%) Tmax (UT) Tmax (LT)

2001 0.91 ± 0.02 10.83 ± 0.05 17.23 ± 0.05 1.11 ± 0.02 12.33 ± 0.05 16.73 ± 0.05

2002 0.92 ± 0.02 11.33 ± 0.05 17.73 ± 0.05 0.90 ± 0.02 12.50 ± 0.05 16.90 ± 0.05

2003 0.96 ± 0.02 12.58 ± 0.05 18.98 ± 0.05 0.90 ± 0.02 12.75 ± 0.05 17.15 ± 0.05

2004 0.88 ± 0.02 12.08 ± 0.05 18.48 ± 0.05 0.84 ± 0.02 12.58 ± 0.05 16.98 ± 0.05

2005 0.98 ± 0.02 12.33 ± 0.05 18.73 ± 0.05 1.10 ± 0.02 13.00 ± 0.05 17.40 ± 0.05

2006 0.84 ± 0.02 11.58 ± 0.05 17.98 ± 0.05 0.88 ± 0.02 12.67 ± 0.05 17.07 ± 0.05

2007 0.79 ± 0.02 12.25 ± 0.05 18.65 ± 0.05 0.69 ± 0.02 12.92 ± 0.05 17.32 ± 0.05

2008 0.79 ± 0.02 12.00 ± 0.05 18.40 ± 0.05 0.65 ± 0.02 13.00 ± 0.05 17.40 ± 0.05

2009 0.71 ± 0.02 11.92 ± 0.05 18.32 ± 0.05 0.62 ± 0.02 11.92 ± 0.05 16.32 ± 0.05

2010 0.79 ± 0.02 11.75 ± 0.05 18.15 ± 0.05 0.75 ± 0.02 12.25 ± 0.05 16.65 ± 0.05

2011 0.88 ± 0.02 12.33 ± 0.05 18.73 ± 0.05 0.83 ± 0.02 13.00 ± 0.05 17.40 ± 0.05

2012 1.01 ± 0.02 11.58 ± 0.05 18.23 ± 0.05 0.89 ± 0.02 12.75 ± 0.05 17.15 ± 0.05

2013 0.87 ± 0.02 11.33 ± 0.05 17.73 ± 0.05 0.82 ± 0.02 12.42 ± 0.05 16.82 ± 0.05

2014 0.83 ± 0.02 11.50 ± 0.05 17.90 ± 0.05 0.80 ± 0.02 12.00 ± 0.05 16.40 ± 0.05

Fig. 2. The annual values of the amplitude (upper panel) and the time of maximum

in UT and LT (middle and lower panels) of the diurnal anisotropy are presented.
which the maximum occurs. Each angle displays the corresponding

phase, while the length of the vectors corresponds respectively to

the quantity A. In order to achieve this, the hours are converted to

degrees (1h corresponds to 15 °) and simple vector calculus is used

for the construction of the vectors. The mean annual values of the

amplitude and the phase (in UT and LT) of the diurnal anisotropy

with their errors for Athens and Oulu stations for the time period

2001–2014 are quoted in Table 2. Time profiles of these amplitudes

and times of maximum in UT and LT during the different phases

of the SC are presented in Fig. 2. The geomagnetic bending for

each station is calculated by using the asymptotic cones via Tsy-

ganenko96 magnetospheric model. Specifically the correction for

Oulu station is:

LTOULU = UT + 2 + 2.4 (3)

whereas the respective equation for Athens station is:

LTATHN = UT + 2 + 4.4 (4)

The factors 2.4 h for Oulu NM and 4.4 h for Athens NM are the

corrections due to geomagnetic bending calculated by the Tsyga-

nenko96 model.

The magnetic bending value for each NM station is calculated

using its asymptotic longitude and the estimation of the angle be-

tween this point and the point of the maximum CR flux in the

east direction. In our case this angle is found to be about 66° for

Athens and 40° for Oulu. Then this value is converted to hours (1 h

is 15 °), giving the corresponding correction for the geomagnetic

bending (McCracken et al., 1965; Chaloupka, 1970; Mavromichalaki,

1989). The correction in the phase due to the geomagnetic bend-

ing is about two hours greater for Athens than for Oulu. The de-

flection angle would be similar for the two NMs, due to the same

geographical longitude, but the deflection (and amplitude reduc-

tion) changes not only with the longitude, but also with the lat-

itude which is considerably higher for Oulu (65.05° N) than for

Athens (37.58° N). Primary particles arrive at a high latitude NM

more along the geomagnetic field resulting in a relatively smaller

geomagnetic deflection when compared with particles arriving at

a low latitude NM.

The factor 2 in the Eqs. (3) and (4) is identical for the two sta-

tions as they both belong to the same meridian. The other fac-

tor is different though, as it is due to the different range of the

asymptotic cone of each station. Therefore, a much narrower diver-

gence between universal and local time is observed in Oulu than

in Athens.

The diurnal anisotropy vectors for Athens and Oulu NMs are

presented on a monthly basis for selected years of the examined

period in Fig. 3. Finally, the diurnal anisotropy for both Athens and
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Fig. 3. Monthly diurnal anisotropy vectors for Athens and Oulu stations for selected years of the examined period.

Fig. 4. Daily diurnal anisotropy vectors for a quiet month (November 2008).
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ulu NMs is presented during a quiet month in Fig. 4 and dur-

ng periods of intensive solar and cosmic ray activity, such as GLEs,

orbush decreases and magnetospheric events in Fig. 5.

. Diurnal variation during the solar cycle

Time profile of the calculated average annual values of the am-

litude (A%) (upper panel) and the time of maximum in UT and LT

middle and lower panels) of the diurnal anisotropy for the time

eriod 2001–2014 are illustrated in Fig. 2. It is outlined from this

gure that the diurnal amplitude seems to follow the 11-year vari-

tion of the SC, while the same does not seem to occur with the

iurnal phase. In both stations the yearly average diurnal ampli-

ude presents a maximum value in the years 2001–2004 that is

onsistent with the primary (2001) and secondary (2003) maxima

f the SC 23 and in the year 2013, maximum of the SC 24, while

clear minimum is presented in the years 2008–2009 that are

oincided with the solar minima. This is consistent with the re-

ults of Tiwari et al. (2012) for the SCs 20, 21, 22 and 23, showing

hat the diurnal amplitude varies with a dominant period of 11-

ear solar activity cycle with the lowest values occurring at solar

inima, and the highest values near the solar maxima or near the
inima of the declining phase of solar activity, while the diurnal

hase varies with a dominant period of 22-year solar magnetic cy-

le. The time of maximum is mostly influenced by the orientation

f solar magnetic field, rather than by the phase of the solar activ-

ty like the diurnal amplitude.

Moreover, it is known that the solar magnetic field (SMF) re-

erses around each solar maximum activity (Ahluwalia, 1988). In

ur case the reversal of the SMF from positive to negative polarity

as done at the year 2001 and from negative to positive polarity at

he year 2012 (Svalgaard and Kamide, 2013). Another research sup-

orts that the north polarity was reversed during the time period

f June-September 2000, while the south one was reversed dur-

ng the period of May-August of 2001 (Dikpat and Wilson, 2003).

his confirms the fact that in our case (Fig. 2) the phase remains

onstant during the same polarity of SMF. Normally, two compo-

ents are present in the anisotropy, one in the corotation direction

nd one radially outward from the sun (radial anisotropy). The an-

ual average diurnal amplitude is maximum during the declining

hase of the SC 23, and remains stable during the minima pe-

iod of solar activity (2007-2009), while it obtains the minimum

alue during the year 2009. Then, the annual average diurnal am-

litude seems to be increased again during the ascending phase of

C 24.

According to Bieber and Chen (1991) the long term CR mod-

lation is not only determined by the diffusive - convective

echanism, but also by the drift effect due to solar polar mag-

etic field reversal. All NMs show a 22-year cycle phase variation

ontrolled by the drift effect regardless of their latitudinal location

nd cut-off rigidity. Additionally, NM stations in lower latitudes

resent an 11-year cycle variation because of the diffusion effect

ue to the IMF magnitude variations with the SC (Bieber et al.,

010), as it is clearly observed in the UT harmonic dial. Athens

hows a greater disturbance than Oulu which is located in high

atitude (small cut-off rigidity) and consequently is not greatly

ffected by the 11-year cycle phase variation. The diurnal phase

emains constant in large scale during the entire period. It is

lso observed that there is no significant phase shift during the

escending phase of the SC 23 and the phase remains invariant

uring the ascending phase of SC 24. These results are consistent
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Fig. 5. Daily diurnal anisotropy vectors for selected extreme solar and cosmic ray

events: during (a) April 2001, (b) October 2003, (c) November 2003 and (d) May

2005.
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with the “odd-even SC model” proposed by Tiwari et al. (2012).

Results for the Athens and Oulu NMs are consistent with the

co-rotational model supporting the average diurnal amplitude

along the 18 h (LT) direction (lower panel of Fig. 2).

The monthly diurnal anisotropy vectors for Athens and Oulu

stations for selected years are presented in Fig. 3. A short term

phase shift is observed during the years of the descending phase
f the SC 23 and the years of the ascending phase of the SC 24. An

dentical phase shift to earlier hours during the SC minimum (year

009) is observed for both stations (Agarwal and Mishra, 2008). It

s interesting to note that in our case the diurnal phases are al-

ost the same for the year 2009, whereas a significant shift is ob-

erved during the maximum of the SC 23 and SC 24, accordingly.

ur results are in agreement with other researchers (Mailyan and

hilingarian, 2010; Tiwari et al., 2012).

. Diurnal variation during solar and cosmic ray events

.1. Ground recorded cosmic ray events

The CR intensity modulated by the solar activity presents many

ariations that affect the diurnal variation. The most important of

hem are the Ground Level Enhancements (GLEs), the Forbush de-

reases (Fds) and the magnetospheric events (GE). In this work a

tudy of the diurnal variation over such events in order to reveal

ndexes of space weather activity and analyse their evolution in

ime is carried out for first time.

It is known that the Ground Level Enhancements (GLEs) of CR

ntensity occur when a solar flare accelerates protons to sufficiently

igh energies for these particles to propagate along the heliomag-

etic field to the Earth and be detected as a sharp increase in the

ounting rate of a ground based cosmic ray detector (Plainaki et

l., 2005; 2014). During the SC 23, a number of 16 such events

ere occurred whereas only one occurred during SC 24 till now

Andriopoulou et al., 2011; Papaioannou et al., 2014). From our

nalysis in this work it is resulted that when GLEs take place, a

ery large increase of the amplitude of diurnal anisotropy is ob-

erved. As expected, these events are much more evident by the

ulu NM, while in Athens it is almost impossible to record such

vents.

Moreover, a Forbush Decrease (Fd) is a sudden and rapid de-

rease in the intensity of the GCR component with duration of

bout one week, which is due to strong solar events, such as coro-

al mass ejections, and can be recorded on Earth by the NMs

f the world wide network (Papailiou et al., 2012). The ampli-

ude of these decreases is due to the different cut-off rigidity

f each NM (Lingri et al., 2013). More specifically, in this work

tudying the diurnal vectors during the Fds over the period 2001–

014, it is noticed that a change of the direction and even re-

ersal of the diurnal anisotropy vector is observed, resulting in

trong fluctuations and loops. It is expected from the fact that

he flux of cosmic radiation is not constant during the rotation

f the Earth around its axis. These results are consistent with the

iffusive-convective mechanism illustrated in the right panel of the

ig. 1 (Mavromichalaki, 1989). The flux variations during Fds can

e equally observed by the two NMs, although the loops are more

vident for the station of Oulu, due to higher latitude and smaller

c.

Finally, a magnetospheric event (GE) is also a sharp increase

f CR intensity during a geomagnetic storm due to the influence

f the geomagnetic field and therefore due to geomagnetic cut-off

igidity changes. As a result, they become visible in middle ge-

graphic latitudes such as Athens and not in near polar regions

uch as Oulu (Belov et al., 2005; Mavromichalaki et al., 2013). NMs

ith Rc ranging from 6 to 9 GV are the most effective for record-

ng major geomagnetic storms and definition of the maximum dRc

hanges (Tsyganenko et al., 2003). During the declining phase of

he SC 23, many characteristic geomagnetic effects were observed

ith the most significant one on November 20, 2003, which is

onsidered as the largest magnetic storm in the history of NMs

Mavromichalaki et al., 2013).
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.2. Case studies of diurnal variation

From our analysis during periods of intense solar activity over

he years 2001 to 2014 covering the declining phase of the SC 23,

he extended minimum of the SC 23/24 and the ascending phase

f the SC 24, it is outlined that the harmonic dials of the diurnal

nisotropy vectors exhibit very high ranges. For comparison, the

iurnal vectors in a harmonic dial for both stations over the quiet

onth of November 2008 that is in the minimum of the SC23

haracterized by low solar activity, are shown in Fig. 4. During this

onth, there are no particular variations of the diurnal anisotropy

ectors on a daily basis. Typical examples of the diurnal vectors of

elected extreme CR events during the examined period are illus-

rated in Figs 5a–d. Many reversals and changes of the vectors are

bserved during all these panels of this figure. Specifically:

In April 2001 presented in Fig. 5a, a reversal of the diurnal

nisotropy vector for both stations is observed during the Fd of

pril 11, 2001. The GLE60 and GLE61 of April 15 and April 18

espectively, observed only by Oulu NM as a near polar station,

resent a very high increase in the diurnal amplitude. Neverthe-

ess, great disturbances in the diurnal anisotropy are also observed

n Athens NM.

In October 2003 presented in Fig. 5b, one of the most astonish-

ng Halo CMEs (Mother of all Halos) took place on the 28/10/2003,

rovoking the GLE65 and a series of Fds. This GLE was recorded

y the Oulu NM, while the Fd recorded with amplitude of 21% in

thens NM, causing a strong phase reversal in the diurnal vectors,

s evident by both stations.

During the magnetospheric event of November 20, 2003 pre-

ented in Fig. 5c, a variation in the amplitude by 7% was recorded

y the Athens NM and aurora was visible even from lower lati-

udes. This event was not detected by the Oulu NM with the cor-

esponding diurnal vector remaining invariant, in opposite to the

ncreased diurnal anisotropy of Athens NM directed to the corota-

ional direction. The Fd reduction of this period was overspread by

imultaneous increase in intensity due to the GE. The peculiarity

f this storm is due to the fact that, based on the model Treiman,

he ring current was in closest proximity to the centre of the Earth

Tsyganenko et al., 2003; Belov et al., 2005).

In May 2005 presented in Fig. 5d, a change in the direction of

he diurnal anisotropy vector is also observed, resulting in strong

uctuations and loops, due to the Fd of May 11, 2005.

. Conclusions

From the above analysis and results it is concluded that:

• The diurnal time of maximum is observed to be around 12 h

in UT for both stations, Athens and Oulu, whereas the diurnal

amplitude is bigger in high latitudes-Oulu comparing to middle

ones-Athens (Mailyan and Chilingarian, 2010)
• The annual diurnal amplitude follows the 11-year variation of

the SC, while the same doesn’t seem to occur with the diurnal

phase. This is consistent with the results of Tiwari et al. (2012),

which support the correlation with the 11-year SC, while it is

suggested that the diurnal phase varies with a period of 22

years (one solar magnetic cycle). The radial anisotropy vanishes

during negative IMF polarity resulting in a phase shift to earlier

hours (Ahluwalia, 1988). In our case there is no evidence for a

systematic phase shift on large scale for both stations for the

examined period (Tiwari et al., 2012).
• A short term phase shift during the descending phase of the SC

23 and the ascending phase of the SC 24 is observed (Fig. 3).

The time of maximum is identical for both stations during the

minimum (year 2009), whereas a great shift is observed during

the maximum of SC 23 (year 2002) and SC 24 (year 2012).
• The drift effect is of great importance for both stations and pro-

vides a simple explanation for the long term behaviour of cos-

mic ray diurnal anisotropy (Bieber and Chen, 1991; Bieber et al.,

2010).
• The amplitude of the CR diurnal variation shows a great in-

crease during GLEs, which is only observed by high latitude

neutron monitor stations.
• During Forbush decreases, a variation in the phase is observed

by both stations, expressed as a reversal or a change in direc-

tion of the diurnal vector, resulting in fluctuations and loops, as

the flux of cosmic radiation is not constant during the rotation

of the Earth around its axis. These results are consistent with

the diffusive-convective mechanism (Ahluwalia, 1988). Loops

and reversals during Fds are evident in both high and middle

latitude stations.
• Magnetospheric events mainly observed in middle latitude

stations, are followed by a great increase in the CR diurnal

amplitude, similar to the one observed in high latitude stations

during GLEs.

Summarising, we can say that interesting suggestions outlined

rom our analysis on the diurnal anisotropy of the two NMs of

ulu and Athens for more than 11 years, will help to a more com-

lete work using data sets of more NMs located over the world

roviding by the High resolution neutron monitor database-NMDB

http://www.nmdb.eu). The study of the diurnal variation will re-

eal indexes of space weather activity useful to technological and

iological applications.
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