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Abstract. The dynamic behaviour of the outer electron ra- systems that contain a large number of elements interacting
diation belt makes this area of geo-space a candidate foover a short range. The systems evolve to a critical state in
the concept of self-organized criticality. It is shown here which a minor event starts a chain reaction that can affect any
that frequency distributions of measured outer electron radinumber of elements in the system. It is found that frequency
ation belt data are well-represented by power-laws over twadistributions of the output parameters from the chain reaction
decades. Applying the concept of self-organized criticality totaken over a period of time can be represented by power-
interpret the shape of the distributions suggests another agaws. SOC behaviour has been observed in a large number of
proach to complement existing methods in the interpretatiorphenomena (e.g. sand piles, avalanches, earthquakes, stock
of how this complicated environment works. Furthermore markets, solar flares, etc.). It is the area of geo-space which
sub-grouping the radiation belt count rate data as a functioris of interest in this work; how SOC behaviour has been and
of spatial location or temporal interval (e.§-shell, mag-  potentially may be observed in astrophysical phenomena.

netiC |Oca| time, Solar CyCIe, ) ShOWS SyStematiC trendS in W|th more and more astrophysical data becoming ava”_
the value of the slope of the power-laws. It is shown thataple it is not possible to study each “single event”. This is
the inner part of the outer radiation belt is influenced in afor example the case for large solar flare databases, where
similar manner to the outer part, but in a less profound way.contrary to the detailed analysis of individual case study
Our results suggest that the entire outer radiation belt apgyents, statistical studies are performed. The goal of such
pears to be affected as the sum of its individual parts. Thiszn approach is to describe the global behaviour of flares
type of study also gives the probability of exceeding a givenpy performing frequency distributions of flare parameters.
threshold value over a given time; limiting the size of “an SOC has been a concept used to interpret power-law dis-
event”. The average values could then be compared Withyipytions of large solar flare data bases (e.g. Crosby et al.,
models used in spacecraft design. 1993, 1998; Bromund et al., 1995; Table 1 in Charbonneau
et al., 2001). For more information about avalanche models
in the context of solar flares see the review paper by Char-
bonneau et al. (2001). These works have sparked interest in
“searching” for SOC in other space phenomena. For exam-

The scientific side of space weather is very interdisciplinary,P'e, Gabriel and Feynman (1996) found power-law represen-
strongly enhancing the links in the chain of physical pro- tations of time-integrated solar energetic particle event fluxes
cesses between the Sun (interior, corona and solar wind) an@Ver three to four decades. Lui et al. (2000) investigated
the Earth (magnetosphere, ionosphere, etc.). When a stati¥nether the dynamic magnetosphere is an avalanching sys-
tical method has been successfully applied in one part of thd€™M Dy performing frequency distributions on parameters of
Sun-Earth system (e.g. the Sun) it may be asked if it couldthe global auroral distribution. They found that the internal
also be successfully applied in another part (e.g. the Earthv§elaxations of the magnetosphere statistically follow power-
outer radiation belt). The concept of self-organized criticality 12Ws that have the same index independent of the overall level
(SOC) is one such method. The original concept of SOC als@®f activity (quiet vs sub-storm). ‘Watkins et al. (1999) in-
known as the “avalanche concept”, was introduced by Bak evestigated the robustness of collective behaviour in strongly

al. (1987, 1988), to characterize the behaviour of dissipativeiiven magnetospheric avalanche models and found that the
crucial power law form of the burst size distribution of large

Correspondence td\. B. Crosby events is surprizingly robust under fast loading. Freeman
(norma.croshy@oma.be) et al. (2000) showed that the solar win®; (v=solar wind

1 Introduction
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Table 1. Characteristics of the electron count rate (CR) frequency distributions for different yeatssirel intervals.

Year 4.1-7.7 4.1-7.7 4.1-5.5 4.1-5.5 5.5-7.7 5.5-7.7
interval slope interval slope interval slope

1995-1997 [60,12079] —1.634:0.004 [200,12079] —1.602:0.009 [60,8611] —1.911H-0.006

1995 [60,12079] —1.476:0.007 [200,12079] —1.373+0.015 [60,8611] —1.749:0.011
1996 [60,9500] —1.655:0.006 [200,9500] —1.589:0.016 [60,4456] —1.856:0.010
1997 [60,8842] —1.728:0.008 [200,8842] —1.786:0.018 [60,4662] —2.10Q£0.014

speed,B;=rectified function of the north-south component) ejections (CMESs) increase from about 0.5 to 2 per day. Even
ande burst lifetime distributions are of power law form with though fast CMEs are capable of driving nonrecurrent mag-
an exponential cut-off, consistent with the solar wind beingnetic storms and accelerating radiation belt electrons, geo-
an SOC system. Furthermore, Freeman et al. (2000) showeelffetive CMEs do not occur as often or as long as the re-
that thee burst lifetime distribution is not significantly dif- current high speed wind streams do. Geomagnetic distur-
ferent to that of the AU an¢AL | indices, indicating that this bances can be monitored by studying changes in the geo-
scale-free property of the AE indices could arise from themagnetic field strength. Th&, index (averaged over the
solar wind input and may not be an intrinsic property of the whole planet), obtained from a number of magnetometer sta-
magnetospheric system. tions at mid-latitudes, provides information about the overall

The count rate frequency distribution of more than 50009eomagnetic condition of the ionosphere and its value (on a
hard X-ray structures (less than 1s) detected in 640 solapcale from O to 9) is highest at times of intense geomagnetic
flares was found to be well-represented by a power-law withactivity.

a slope of-1.84 (Aschwanden et al., 1995). This is identical ~Past work has indicated that the dynamical aspects of the
with what was found for the global frequency distribution be- outer electron radiation belt closely follow the characteristics
haviour of solar flare hard X-rays (Crosby et al., 1993). Fromo©f the solar wind, especially at times of south-ward interplan-
a scale-invariant model like the avalanche model one woulcetary magnetic field and when solar wind speeds are greater
expect that the individual pulses that make up an “avalanchethan 450-500 km/s (Paulikas et al., 1979; Blake et al., 1997;
would also show power-law behaviour and that the slope val-Li et al., 2001a, b; O’Brien et al., 2001; lles et al., 2002). Li
ues would be similar. Even though there are no individu-€t al. (2001b) argue that the semiannual variation of MeV
ally defined “avalanches” in the outer radiation belt, as there€lectrons at geostationary orbit is attributed mostly to the
are, for examp|e, in the case of the solar corona (eg so|a$emiannual variation of solar wind VE|OCity as seen by Earth.
flares), one can imagine that the outer radiation belt acts a¥/ork performed for the Tsunami consortium looked at the
one individual system “one flare”. The analogy is that the Statistical link between spacecraft anomalies and changes in
pulses that make up the outer radiation belt are identical witithe solar wind and furthermore examined the possible “link”
the burst structures making up a flare “individual avalanche”.between changes in the solar wind and the “killer electrons”
Bearing this in mind and the fact that the outer electron ra-Which can have severe commercial consequence (Coates et
diation belt is indeed dynamical on all spatial and temporal@l., 2002). Here we extend the analysis conducted as part
Sca|es, one can Specu|ate if perhaps the outer electron rad|Qf the Tsunami initiative and take a detailed look at the fre-
tion belt also exhibits power-law behavior and thus exibiting guency distributions of the outer radiation belt data. By using
itself as a candidate for SOC behaviour. In this paper Wethe SOC COﬂCGpt additional evidence for the link between the
present an outer electron radiation belt statistical study baseguter radiation belt and the solar wind parameters as well as
on observations from the Cold lon Detector (CID) aboard thethek, geomagnetic index is presented here. Furthermore by
Space Technolgy Research Vehicle (STRV-1a). For the work!sing the SOC concept we find evidence that the influence of
the outer electron radiation belt is defined as one entity thathe solar wind velocity is not only observed at geostationary
changes shape as a function of time. orbit but reaches down to smallgrshells.

During the declining phase of the solar cycle, at the time The paper is divided into the following: Sect. 2 introduces

when sunspot minimum is approaching, recurrent high speed1® CID/STRV-1a experiment, followed by Sect. 3 which
solar streams originating from coronal holes occur. Thesdresents the statistical studies that are performed on the CID

recurrent (due to the Sun’s rotation) streams are efficient jrcount rate database. In Sect. 4 the results of the statistical

driving recurrent magnetic storms and enhancing the radiaStudy are discussed in context of what they may tell us con-

tion belt electrons (Baker et al., 2001). On the other hand cerning the dynamics of the outer electron radiation belt and

during the ascending phase of the solar cycle, when sunspdtoW the results may be used as input for space engineering
maximum is approaching, the occurence of coronal mas§°0|s' Section 5 summarizes the conclusions of this work.
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2 The CID experiment aboard STRV-1a and solar wind STRV (96/03/19 — 96/03/31)
data 2000 [T ARARARRRN ARARRAAR ARRRAR AR RN

The two microsatellites, STRV-1a and 1b, were launched 1500
together on 17 June 1994 into geostationary transfer orbit
(GTO) with an apogee of 36 000 km, perigee of 300 km, or-
bital period of approximately 11.5 h and an inclination &f 7
The CID detector aboard STRV-1a was intended to moni-
tor the activity of plasmapheric ions as the spacecraft passed
through the Earth’s radiation belts (Papatheodorou et al., 500
1998). The 2mm aluminium shielding of the CID detector
led to an energy-independent background due to penetrat-
ing electrons above approximately 750 keV. This background
was cross-calibrated with the Radiation Belt Monitor (REM) L-shell

aboard STRV-1b and the background observed by CID was STRV (94/09,/09 — 94,/09,/25)

found to correspond closely with the penetrating high energy ~ 1.5x10# T T T T AN
electron fluxes observed by REM. By crossing the radiation [ ]
belts the CID data offers unique information about the dy-
namics of the electrons that make up the radiation belts in
this energy range.

Due to its orbit the STRV-1a spacecraft crossed the radia-
tion belts approximately 4 times per day. CID electron count
rate data are available fore3.5 year period from September
1994 until the spacecraft was turned off in March 1998 as a
function of L-shell (L=6371km), local time (LT) and mag-
netic field strength. In this study, as a first approximation,
LT has been set equal to magnetic local time (MLT). CID de- 0
tects particles of all pitch angles, but does not resolve them
by pitch angle. The time resolution of the count rate data is
6.5 min. For this work we use data from 1995 to 1997. Fig. 1. CID/STRV count rate as a function df-shell for two peri-

The electron count rate data is initially binned as a func-0ds of observation.
tion of L by averaging in steps ok L=0.2 and these data

are used in our analysis. Furthermore, we compute the total Two extended periods of radiation belt electron data
relativistic electron contentfiec) to take into account the (£~750keV) from the CID STRV-la observations are
non-symmetric aspect of Earth’s magnetic field by using theshown in Fig. 1. The lower and upper plots show the count
following approximation:T (L)=C(L)x L?, where the fac-  rate as a function of.-shell for each half-orbit in the pe-
tor L2 makes an allowance for the volume occupied betweeryiod of 9-25 September 1994 and 19-31 March 1996, respec-
dipolar shellsL andL+AL (lles et al., 2002). Th&rec is  tively. The inner and outer electron radiation belts are imme-
Computed for the following three electron radiation belt inter- diate|y apparent together with the slot region_ The upper p|0t
vals: L=[4.1,7.7], L=[4.1,5.5] andL=[5.5, 7.7] as afunc-  shows that the maximum count rate of the outer belt varies
tion of day for the three years. The innrvalue 4.1 was  petween 500 and 2000 c/s (a factor of four). On the other
chosen to best cover the outer electron radiation belt in thEhand during another period of observation (|0wer p|0t) the
most consistent way avoiding “contamination” of the slot re- maximum count rate varies between 5000 ari¥ 000 c/s.
gion between the outer and inner radiation belt (D. Boscherajthough the factor is less than three (factor four in upper
private communication). All the count rate profiles have beenpiot), the total variability between the two plots (500 and
visually checked, eliminating any that may contaminate the~14 000 c/s gives a factor of 28. The plots also show how
statistical analysis. the boundaries of the radiation belt changes over time as it
Hourly solar wind data (solar wind velocity and interplan- expands and contracts. Indeed, these observations empha-
etary magnetic field) and the geomagnetic indéx data  size the dynamical aspect of the radiation belts on all spatial
are downloaded from OMNIwelh{tp://nssdc.gsfc.nasa.gov/ and temporal scales.
omniweb/ow.htm) for the years 1995-1997. The solar wind
data originates from the WIND and IMP-8 spacecraft and
there is very high data coverage during these years. OM3 Statistical analysis of data
Niweb obtains thekK, index electronically from NOAAs
National Geophysical Data Centdtp(//ftp.ngdc.noaa.gov/ The orbit of the STRV-1a spacecraft as a functiorLeghell
STP/GEOMAGNETICDATA/INDICES)/). and MLT is plotted for the three years: Fig. 2 (1995), Fig. 3

1000

count rate (c/s)

1.0x10*

count rate (c/s)

5.0x103

L—shell


http://nssdc.gsfc.nasa.gov/omniweb/ow.html
http://nssdc.gsfc.nasa.gov/omniweb/ow.html
ftp://ftp.ngdc.noaa.gov/STP/GEOMAGNETIC_DATA/INDICES/
ftp://ftp.ngdc.noaa.gov/STP/GEOMAGNETIC_DATA/INDICES/
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Fig. 2. 1995 STRYV orbit (function of.-shell and MLT). Fig. 4. 1997 STRV orbit (function of.-shell and MLT).
12MLT - . . .
=10 — divided by the width of the interval. It should be emphasized

that the histogram profile illustrating the frequency distribu-
tion on the figures is to aid visualization and that when we
compute the slope of the power-law representation a maxi-
mum likelihood method is used that includes all the individ-
ual data-points.
Figure 5 illustrates the frequency distributions of the
CID/STRV-1a count rate (CR) data for the three years
6 (1995, 1996 and 1997) and thrdeshell intervals: Left
column: L=[4.1, 7.7], Middle column: L=[4.1, 5.5] and
Right column: L=[55,7.7]. The figures show that
the higher end of the frequency distribution is well-
represented by a power-law between two and two and a
half decades. The slopes found for the thfeshell inter-
vals in 1995 are: upper left panet£—1.476+0.007), up-
per middle paneld=—1.373+0.015) and upper right panel
STRv 1996 (a=—1.749+0.011). The power-law behavior starts sig-
nificantly higher (CR=200 c/s) for the intervalk=[4.1, 5.5]
Fig. 3. 1996 STRV orbit (function of.-shell and MLT). compared to the intervdl=[5.5, 7.7] and the total interval
L=[4.1, 7.7], where it starts at CR=60 c/s; similar behaviour
is observed for the other two years (1996 and 1997).
(1996) and Fig. 4 (1997). A “spatial span” of 13 MLT hours  The slopes found for the twoL-shell intervals
(00:00-10:00 MLT and 21:00-24:00 MLT) is covered by the L=[4.1, 7.7] and L=[4.1,5.5] are very similar for each
spacecraft's orbit for 1995. For 1996 the spacecraft’s cov-of the three years, whereas the slope for the ofitshell
erage is 07:00—22:00 MLT and for 1997 (00:00-07:00 MLT interval L=[5.5,7.7] is systematically steeper. Results,
and 19:00-24:00 MLT). To take into account any possibleincluding the range of the fits, from the analysis for the
effect that the MLT location may have on the radiation belt three years are listed in Table 1, including the results for all
data, each year is considered separately as well as togethehree years analyzed together. The slope for all tirebell
In this way any influence that the solar cycle variation may intervals is at minimum in 1995 and increases systematically
have on the radiation belt data is also included. as a function of year.

For our statistical analysis we present frequency distribu- Analyzing all three years together we divide the data
tions (log-log plots) of the following parameters: electron for L=[4.1,7.7] into four subgroups as a function of
count rate, total relativistic electron content, solar wind ve- MLT=[00:00-06:00], [06:00-12:00], [12:00-18:00] and
locity and geomagneti& , index. What is illustrated in the [18:00-24:00]. Frequency distributions of the four sub-
figures is the number of events that fall into a given intervalgroups are shown on Fig. 6 and all four distributions
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Table 2. Characteristics of the electron count rate (CR) frequency distributions for different MLT intervals for 1995-1997.

MLT  4.1-7.7 4.1-7.7 4.4-5.5 4.1-5.5 55-7.7 5.5-7.7
interval slope interval slope interval slope
0-6  [60,12079] —1.674t0.007 [150,12079] —1.5170.015 [60,7609] —1.959+0.015
6-12 [60,11837] —1.522+0.007 [150,11837] —1.319+0.014 [60,5345] —1.705+0.010
12-18 [60,9500] —1.540+0.010 [150,9500] -1.476+0.019 [60,4456] —1.824+-0.018
18-24 [60,8611] -—1.803:0.010 [150,7815] —1.819+0.019 [60,8611] —2.234+-0.017

Table 3. Characteristics of the total relativistic electron contditf¢) frequency distributions for different years aheshell intervals.

Year 4.1-7.7 4.1-7.7 4.1-5.5 4.1-5.5 5.5-7.7 55-7.7
interval slope interval slope interval slope
1995 [8000,359717] —1.195-0.060 [8000,274153] —1.254+0.069 [8000,111914] —1.548+0.122
1996 [8000,270400] —1.535+0.082 [8000,199090] —1.43G+0.104 [8000,71309] —2.074:0.193
1997 [8000,216389] —1.739t0.092 [8000,160989] —1.950+0.119 [8000,109188] —2.675+-0.234

Table 4. Characteristics for th&, geomagnetic index frequency Table 5. Characteristics for the solar wind velocity(, ) frequency
distributions for different years (1995: full line, 1996: dotted line, distributions for different years and interplanetary magnetic field

1997: dashed line). intervals.
Kp index YEAR Vsw Vsw Vsw
YEAR slope (—=Bz+B2) (—Bz) (+B2)
1995 —1.424+0.019 1995 —5.54£0.15 -5.66+0.19 —5.40+0.26
1996 —1.716+0.021 1996 —-10.45-0.27 -10.59+0.35 —10.270.43
1997 —1.825+0.023 1997 —13.76t£0.59 —13.44+0.74 —14.32+0.99

(Fig. 5) the slope for all threg-shell intervals is at minimum
are well-represented by a power-law over two decadesj, 1995 and increases systematically as a function of year.
The slopes found for the four distributions are (from top The power-law behavior starts arouritkg=8000 c/s) for
to botttom):  MLT=[00:00-06:00] ¢=—-1.674+0.007), g three intervals as well as for all three years.
MLT=[06:00-12:00] §=-1.522+0.007) MLT=[12:00— Figure 8 shows the frequency distribution of the geomag-
18:00] @=-1540£0.010) and MLT=[18:00-24:00] petic K, index for the three years (1995: full line, 1996:
(¢=—-1.803+0.010). A similar analysis is performed on the qqtteq line, 1997: dashed line). The power-law fits for the
other twoL-shell intervals:L=[4.1, 5.5] andL=[5.5,7.7]. " three years are listed in Table 4. There is a significant steep-
The computed slope values are listed in Table 2 and for allening of the slope value from 1996 —1.424+0.019) to
threeL-shell intervals the MLT interval [18:00-24:00] slope 1997 (=—1.825+0.023).

?s significantly steeper than it is for the other three MLT Frequency distributions of the solar wind velocitg for
intervals. the three years (1995, 1996 and 1997) are plotted in Fig. 9
Figure 7 illustrates the frequency distributions of the for all data (left panels) and for two sub-groups of values:
CID/STRV-1aTgrgc data for the three years (1995, 1996 1) corresponding to southward interplanetary magnetic field
and 1997) and the threé-shell intervals: Left Panels: (middle panels) and 2) corresponding to northward interplan-
L=[4.1,7.7], Middle PanelsZ.=[4.1, 5.5] and Right Panels: etary magnetic field (right panels). For each plot the power-

L=[5.5, 7.7]. The figures show that the higher end of the fre- law fit of the solar wind velocity distribution for the interval

quency distribution is well-represented by a power-law over(500 km/s, 900 km/s) is computed again using the maximum
one decade and the computed slopes of the power-law repréikelihood method. Results for the three years are listed in
sentation are listed in Table 3. As was seen in the CR dat&able 5. Slopes for all three interplanetary magnetic field in-
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its corresponding northward counterpart.
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Fig. 6. Frequency distributions of all the outer radiation belt elec-
tron count rate data (CID/STRV-1a) for tieshell interval [4.1, 4 Discussion
7.7] as a function of MLT: [0-6], [6-12], [12-18], [18-24].
In 1995 when recurrent high speed solar wind streams are
present the slope of both the CR afigg¢ frequency dis-
tervals (all data, southward interplanetary magnetic field andribution is at its lowest value indicating that the upper part
northward interplanetary magnetic field) are smallest in 19950f the frequency distribution dominates the overall distribu-
and increase systematically as a function of year. The shapdson. This is supported by the similar trend in the geomag-
of the three sub-groups are similar, though the southward inntic index K, frequency distribution indicating more large-
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scale geomagetic activity. The effect dissapears as the slope | o 15 o0 00— OMNI 1995 o021 1995
systematically increases during the next two years. The fact: £
that the slope is different in 1995 and 1997, where the obser-

vations originate from similar “spatial span” MLT intervals,

er (km/s.
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suggests that the increase in slope is solar cycle dependent o0 010
rather than MLT dependent. oo 001 001
. . . 100 1000 100 1000 100 1000
For the CR frequency distribution the slopes for the two Ve Gom/) Yo (km/s) for B < 0 1 Vaw (am/=) for Bz > 0 11
. . OMNI 1996 OMNI 1996 OMNI 1996
L-shell intervals [=[4.1, 7.7] and L=[4.1, 5.5]) are sim- . 10000 _ 10000 10000

ilar in most of the cases, whereas, the-[5.5, 7.7] slope
value is systematically steeper. The slope value for the
Trec frequency distributions for the twdé-shell intervals
(L=[4.1,7.7] and L=[4.1, 5.5]) are also similar in most of
the cases and, again, the=[5.5, 7.7] slope value is system- T e e e e
atically steeper. This is due to the fact that we see a greater OMNI 1397 OMNI 1897 OMNI 1997
range of variation in the inner region and, in particular, a ¢ " e o
greater frequency of larger count rates which leads to a shal-; "
lower slope in the inner region.
The above indicates that the entire outer radiation belt ap- ¢
pears to be affected as the sum of its individual parts and? ,,, . E oo
suggests that the magnitude that the external disturbances in- " vms ' "Ver /) or 2z <0t o ey tor 82 011
fluence are a function df-shell.
When sub-grouping the CR data as a function of MLT it Fig. 9. Solar wind velocity {.) frequency distributions for 1995,
is found that the slopes computed for the two morning sec-1996 and 1997 (left panels: all data, middel panels: negative in-
tor sub-groups [6,12] and [12,18] are flatter than the tWOtgrpIanetary fleld association, right panels: positive interplanetary
night sectors [0,6] and [18,24]. The slope of the sub-groupi€!d association).
MLT=[18,24] (Table 2) is very similar to the one found for
the 1997 CR (Table 1) suggesting that the differences in therganized critical state provides a good context to understand
MLT sub-group slopes may be an effect of the solar cycle. Asthe frequency distributions of the electron parameters. The
the electrons have a drift period of around 15 min, one wouldturn-over in the distributions for small count rates could be
imagine that there does not exist significant differences in thettributed to the reduced efffieciency of finding “events” in
sub-group MLT behaviour. the error bar range of the “background” and/or simply the
For all three years the power-law behaviour for the CR fact that the “background” is included in the chodemange.
frequency distribution is most pronounced (observed over &imilar interpretations are for example used for solar flare
larger range) for the outer region of the outer radiation beltsmall count rate distribution turn-overs (e.g. Crosby et al.,
interval L=[5.5, 7.7] in contrast to the inner region of the 1993).
outer radiation belt interval.=[4.1, 5.5]. This is evidence For this work the solar wind velocity frequency distribu-
for more dynamic control in the outermost region of the outertion was also fitted by a power-law and the results are shown
radiation belt. Geoeffective strong/moderate storms may efin Fig. 9. The fit is not so good for the 1995 solar wind data
fect the whole of the outer radiation belt, peaking in the rangeand you can clearly see two populations in the upper pan-
4<[L <5, wheras weaker storms and periods of prolongedels of the figure. The population with the higher velocities
substorm activity in the absence of a magnetic storm signaare related to the high speed solar wind streams. A system-
ture tend to be only effective further out, peaking typically atic increase in the slope value as a function of year (min-
in the range &L <6, (Meredith et al., 2002). Thus geoef- imum in 1995) is observed and emphasizes that high-speed
fective storms will contribute to enhancements in the outersolar winds dominate the distribution in 1995. Looking at the
region (51<L<7.7) of the outer radiation belt whereas only whole solar wind velocity database (left panel) or only data
the strong/moderate geoeffective storms will effect the innerwith either negative (middle column) or positive (right col-
region of the outer radiation belt (<L <5.5). This may  umn) interplanetary magetic field does not change the solar
contribute to the result that there appears to be a more dywind velocity distribution within error bars. This tells us that
namic control in the outer region. This effect is less easy tostatistics of the overall solar wind velocity can be used when
establish in the th&g g¢ frequency distributions. investigating the possible link between the solar wind and the
The power-law slope behaviour found for both the CR andouter radiation belt. The fact that the power-law slope value
the T g¢ frequency distributions is similar to what has been systematically increases as a function of year for both the so-
found for other astro-physical phenomena (e.g. solar flaredar wind velocity (Vsw) and the electron count rate (CR) as
substorms, etc.). Also the slope value is similar to (lies inwell as for the total relativistic electron conteffiz(z¢) sug-
the range of) what has been found in these statistical studiegests a connection between the solar wind and the radiation
and others in the literature. Results suggest that the modbelts. This also suggests that the solar wind is an important
elling of the radiation belt as a complex system in a self-driver of the overall statistics of the outer radiation belt.
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Burlaga and Lazuras (2000) found that the lognormal dis- — There is evidence for more dynamic control by the solar
tribution is a good model for the solar wind velocity data wind in the outer region of the outer radiation belt.
measured in 1995 to 1998 (less satisfactory for the data ob-
tained during 1995). We do not suggest that our power-law
distribution is a better representation of the statistical prop-
erties observed in the solar wind velocity data or for the ge-
omagnetic indexX ,. Instead we want to look for trends in
the slopes and emphasize, using these results, that any re-
alistic fit would show tendencies in the statistical properties
of the data during the solar cycle. Hence the signature (e.qg.
power-law slope) of the statistical properties of the data as a From a scientific point-of-view these results support the
function of year would be observed in any type of fit to the fact that the outer electron radiation belt can be analysed as
data. one entity (there is coherence in the system). This way of

The importance in understanding the dynamical behaviouidescribing the system allows one to see how disturbances
of the outer electron radiation belt is important for the design(using thek, geomagnetic index as an indicator) from the
of spacecraft crossing this region (once or numerous timesputside can take the system (outer electron radiation belt) to
and of spacecraft situated in geostationary orbit. Traditionatthe edge of chaos and then cascade it into a new order “orga-
simulation of the radiation belts has relied on empirical mod- nization”.
els and apart from separate versions for solar minimum and On-going work using radiation belt electron count rate
solar maximum does not include the dynamic nature throughdata from the HEO-3 spacecraft, also finds evidence for
out the solar cycle on all time-scales. As long as there ispower-law behaviour (Crosby et al., 2095 This supports
enough statistics the SOC method provides information orthe above results presented in this paper.
the statistical properties of the variability that is present in  Statistical results such as these also offer some informa-
the system being observed (e.g. electron count rate (CR), taion which are useful for engineering tools: the probability
tal relativistic electron contentlgzc), ...) on any chosen Of extreme events (limit to the size of an “event” over a given
time-scale e.g. months, years, decades, ...). Furthermore thigne period). Under all circumstances any successful empir-
type of study also gives the probability of exceeding a givenica| or theoretical radiation belt model should be able to ex-
threshold value over a given time; limiting the size of “an plain (or atleast to reproduce) the results of statistical studies
event”. The average values can then be compared with modererformed on outer electron radiation belt data.

els used in spacecraft design. Acknowled <Thi . ed by PPARC. and
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