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Abstract: All considerable events in galactic cosmic rays over the last 55 years are collected in the database of For-
bush-effects created in IZMIRAN on the basis of continuous measurements by the neutron monitor network. For 
about 800 events their solar sources are identified and these events have been divided into five groups by heliolongi-
tudes of X-ray flares, associated with the CMEs responsible for these events. The behavior of cosmic ray density and 
anisotropy was studied separately for each of these groups and their typical behavior is presented. Characteristics of 
Forbush-effects, most of all depending on heliolongitude of a source are revealed. Particularly, it is shown that ratio 
of variations in the cosmic ray density to vector anisotropy depends significantly on heliolongitude of the source. 
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1 Introduction 
Direct reason of the majority large Forbush-effects (FE) 
is the propagating disturbance of solar wind caused by 
CME [1, 2, 3]. Possible correlation between some FE 
parameters and ICME characteristics and their solar 
sources, in particular, longitude dependency of FE, has 
been considered in many studies [4-10]. The first detailed 
studying has been carried out in [7] and [8]. But since 
that time big amount of the new data is accumulated. The 
statistical analysis of such events demands great volume, 
because of situation at 1 AU may be very difficult due to 
several events occurring close in time and space [9, 11, 
12]. When recurrent and transient events interact, it is 
difficult to separate FEs caused by various types of dis-
turbances [13-15]. 
Besides, almost in all mentioned works analysis FE was 
performed for rather short periods for a small number of 
events, basically, by the data of one or several separate 
neutron monitors (NMs). For the analysis it is better to 
use spatial characteristics of FE: density and anisotropy 
of CR received by a method of global survey (GSM) by 
the data from worldwide network of NMs [eg. 16]. 
In this paper we study FEs associated with CME and 
solar sources rather than recurrent ones. We try to reveal 
tendencies: in behavior of anisotropy CR, in dependence 
of anisotropy on FE magnitude, in time delay between 
the FE onset and the disturbance beginning, in speed of 
decrease of CR intensity, in the main phase of FE – for 
Forbush-effects distributed on various heliolongitude 

groups of their sources. Similar researches give the 
chance to define location of a source of disturbance on 
the Sun for lack of interplanetary measurements; help to 
understand, how disturbances extend from different 
sources, when and why they become geoeffective; pro-
vide us with the additional information for an estimation 
of structure and the sizes of interplanetary disturbances 
from different sources. 

2 Data 
Two databases developed in IZMIRAN are used as the 
working tool for research of relations between solar 
flares and Forbush-effects at the Earth. The first database 
[3] contains the information on all x-ray flares registered 
by satellites of GOES series since autumn of 1975 by the 
present (ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/ 
SOLAR_FLARES/XRAY_FLARES/). Another database 
[17] includes characteristics of FEs and interplanetary 
disturbances. Parameters of every FE (hourly values of 
CR density and anisotropy outside of a magnetosphere) 
calculated by GSM [16] for CR with rigidity 10 GV, are 
global characteristics and don't depend on detector loca-
tion. The maximum FE magnitudes, the onset time, time 
of CR density minimum (duration of FE main phase) 
have been estimated for each event and also entered into 
a database. The maximum values IMF and solar wind 
velocity, and also times of these maxima relatively onset, 
were estimated from OMNI (http://omniweb.gsfc.nasa. 
gov/ow.html) databases. Database of IZMIRAN includes 
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also the maximum values of components of CR anisotro-
py, Kp and Ap indexes of geomagnetic activity 
(ftp://ftp.gfz-potsdam.de/pub/home/obs/kp-ap/wdc/) for 
each disturbance. For analysis we selected the FEs which 
are: 1) identified with solar sources; 2) separated from 
other on time interval at least by 48 hours, in order to 
avoid the overlay of series events, or (when time interval 
less than 48 hours) FEs with magnitude of preceded FE < 
1,5 %. 
Such effects were 334 covering period 1976-2010 in our 
database. All of them were divided at five groups on 
heliolongitude of their solar sources: Е91-Е46; Е45-Е16; 
Е15-W15; W16-W45; W46-W91. Further, as the main 
tool of the analysis, properties and possibilities of data 
bases were used, allowing to select the events on differ-
ent parameters and to do different correlative and statis-
tical estimations. 

3 Discussion of the results 
It is well known, that magnitude of FE and some of its 
properties (delay of FE onset, profile of FE, duration of 
main phase of FE) depends on longitude of a solar source 
of interplanetary disturbance [2,5,7,8]. In [18] analysis of 
such dependences for some parameters of FEs has been 
performed on the big statistical material. In that research, 
in particular, has been received that FEs from the western 
interplanetary disturbances have smaller depth and re-
cover faster, than caused by eastern sources.  
In Table 1 a number of parameters defined for each se-
lected group and used for analysis are presented: AF – 
magnitude of FE, Axym – maximum of equatorial compo-
nent of the first harmonic of CR anisotropy, Azr – range 
of change of north-south component of anisotropy, �min – 
maximum decrease of CR density per hour, Kpmax, Apmax, 
Dstmin – maximum value of geomagnetic activity indexes 
in a disturbance, Bm – maximum value of the IMF inten-
sity, Vm – maximum value of solar wind velocity, VmBm 
– parameter of the solar wind disturbance normalized by 

following way: 
nT5
mB

km/s400
mV

mVmB �� , tmin – time from 

the onset to minimum in the CR density, t∆min – time 
from the onset to minimum in the CR density decrease; 
AF/Bm – ratio of the FE magnitude to maximum of the 
IMF intensity, HLon – source heliolongitude. 

E91-E46 E45-E16 E15-W15 W16-W45 W46-W91 
AF 2.5±0.3 2.9±0.2 3.0±0.3 2.9±0.4 2.3±0.3 
Axym 1.6±0.1 1.8±0.1 1.8±0.1 2.2±0.2 2.0±0.2 
Azr 1.7±0.1 1.9±0.1 2.0±0.1 2.0±0.1 1.9±0.2 
Dmin -0.6±0.1 -0.6±0.04 -0.7±0.06 -0.8±0.1 -0.6±0.1 
Kpmax 5.0±0.2 5.2±0.2 5.7±0.2 5.8±0.2 5.4±0.2 
Apmax 59±6 67±6 88±6 92±9 76±10 
Dstmin -58±6 -72±7 -86±6 -88±8 -67±7 
Bm 15.0±0.9 17.7±1.1 17.9±0.8 17.5±1.4 18.2±1.3 
Vm 521.7±19 569.4±15 541.1±14 564.0±18 597.3±21 
VmBm 4.0±0.3 5.1±0.5 5.07±0.3 5.1±0.6 5.5±0.6 
tmin 24.8±2.6 22.1±1.7 18.1±1.5 13.5±1.9 16.0±2.6 
tdmin 12.7±2.2 12.0±1.5 11.2±1.2 9.2±1.7 11.6±1.9 
AF/Bm 0.2±0.02 0.17±0.01 0.16±0.01 0.15±0.01 0.13±0.01
HLon -66.7±2.0 -30.0±0.9 0.2±0.9 28.5±1.0 63.9±2.0 
Table 1. Mean FE parameters in five longitude groups. 

 

In our research we considered 334 events, from which: 
99 events were from central sector (E15-W15), 81 – from 
near eastern sector (E45-E16), 67 – from near western 
(W16-W45), 40 and 47 events from far eastern (E91-E46) 
and far western (W46-W91) sectors, respectively. 
 

 
Figure 1. Dependence of the FE magnitude (AF) and  

Ap-indexes of geomagnetic activity on the solar source  
longitude. 

 

It should be noted that from central zone to the Earth 
come almost all the disturbances, and from other zones 
only part of them, filtered out the weakest ones. From 
remote longitudes come only the largest and most power-
ful ICMEs. In the near eastern and western sectors the 
magnitudes of the FE are also somewhat overestimated. 
It is naturally to assume for eastern sector, that the ejec-
tions per each degree of longitude was as much as for the 
central zone, but most of them went east of the Earth and 
had no influence on cosmic rays arriving at Earth. There-
fore, they were not included in our database. According 
to rough estimations only 1 of the 3 emissions has an 
influence on solar wind and cosmic rays near the Earth. 
If we want to calculate the average effect of emissions 
from the eastern event we ought to add to the 40 ob-
served the FE still 99*1.5-40=109 events with a zero 
value (to account corrections, and the fact that this sector 
is 1.5 times greater in longitude). For the near east we 
have to add, respectively, 99-81=18 events with a zero 
value. 
Average effect then would be: for the eastern sector 
40*2.47/(99*1.5)=0.67 %; for the western sector 
47*2.26/(99*1.5)=0.72 %.; for the near eastern sector 
81*2.90/99=2.37 %; for the near western sector 
67*2.95/99=1.99 %. In the central sector average effect 
will remain 3.00%. Thus, the real difference in magni-
tude of FE between central and eastern sectors not some 
tenth percent, but in ~4.5 times and between central and 
western sectors – in 4.2 times (figure 1). 
Statistics of the eastern ejections indicates that most of 
them by their half-width do not exceed 45º  
The situation with the western ejections is somewhat 
different. Due to geometry of the IMF, we can sometimes 
see the CR variations from far western source, even 
when the ejection (ICME) passes far away from the Earth. 
Thus, the FE area turns out to be wider in its eastern part 
than the ejection area or the size occupied by the inter-
planetary disturbance. But we must not forget that be-
cause of the same IMF geometry the value of the FE in 
the eastern part of ICME is less than in the western. 
Apparently, therefore, in the western sector there is more 
number of FEs than in the eastern, but their average 
magnitude is much lower. 
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Figure 2. Behavior of the density (A0) and vector aniso-

tropy (AXY) in the FE from far eastern source (E53). 
 

 
Fig. 3. A0 and AXY in the FE from eastern source (Е37). 

 

 
Fig. 4. A0 and AXY in the FE from central source (Е02). 

 

 
Fig. 5. A0 and AXY in the FE from western source (W20). 
 

 
Fig. 6. Behavior of the CR density and anisotropy in the 

FE from far western sources (W56). 

Examples of events characterizing each group are pre-
sented in figures 2-6. The solid curve in each figure cor-
responds to the profile of the isotropic part (the density) 
of the CR with a rigidity of 10 GV; vector diagram 
represents the hourly values of equatorial component of 
the vector of CR anisotropy, the vertical vector shows a 
change in a north-south components of the CR anisotro-
py, thin lines connect the same points in time on a vector 
diagram and curve of CR density every 6 hours. 
Characteristic features of the FE from the far eastern 
sources are their small value (2-3%, range from 7% to 
0.4%), an extended phase of decline (time to reach the 
minimum can last from day to three), the low rate of 
decrease in the decay phase. CR anisotropy in these 
events is usually small, but very variable in direction, 
especially in the decay phase, up to a full rotation of the 
vector (see figure 2). 
Figure 3 shows a typical example of FE from the eastern 
source with heliolongitude equal E37. These events dif-
fer from the previous group by larger amplitude of the 
effect (on average 3-4%, although the scatter of ampli-
tudes is in the range from 20% to 0.3%). Minimum of 
Forbush-decrease is achieved in a shorter time, but re-
covery occurs slowly. Behavior of the anisotropy in these 
cases is very complex; the equatorial component of the 
vector is rotated throughout the FE. 
Events associated with the central group of sources (see 
figure 4) are characterized by high amplitude of the FD 
(3% or more, the range between 20% and 0.3%), small 
tmin (achieving a minimum in several hours), and, conse-
quently, a large decrement. Behavior of the anisotropy 
becomes simpler, and its direction - more stable, from 
east to west, although during the main phase of the decay 
are still evident some changes in direction. Furthermore, 
the anisotropy increases sharply in magnitude in the main 
phase of the FE. 
Sources from the western heliolongitude (figure 5), as a 
rule, give small FE with rapid achievement of a mini-
mum. Large anisotropy with a stable trend from east to 
west is provided by the openness of the disturbed area 
from the east side. 
From far sources in the west are usually observed very 
small (2%), rapid and short FEs (figure 6). However, the 
anisotropy in these events is large and has stable direc-
tion for a long time. It retains of a large value, even when 
the FE is almost finished, and the level of CR recovered. 
This looks like Earth, being away from the disturbed 
region, feels it for a long time by the CR anisotropy. 
For different groups the parameters were obtained cha-
racterizing a relation between of the equatorial compo-
nent of CR anisotropy and amplitude of FE ((Axym-
Axyq)/AF), as well as the times of achieving minimum FE 
(tmin) and maximum speed of CR intensity decrease 
(t∆min). Variations of these parameters with heliolongi-
tude of solar source are shown in figure 7-8. 
Also was obtained the parameter AF/B, which characte-
rizes the relationship between the FE amplitude and IMF 
intensity. From the analysis of AF/B follows that the 
magnitude of the Forbush-effect, per unit IMF intensity 
(B), more for the eastern events than for the western, that 
means a little higher efficiency from eastern sources to 
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create the FE [3]. In the event from the eastern sources 
Earth gets in the western periphery of the solar wind 
disturbance. This part of disturbance is closed for the 
exchange of CR (in contrast to events from a western 
sources), and FE herewith should be sufficiently large 
and prolonged. 
 

 
Fig. 7. Relation of the CR anisotropy Axy to the FD  

amplitude AF depending on the source heliolongitude. 
 

Figure 7 shows a behavior of the parameter (Axym-
Axyq)/AF depending on heliolongitude of the source 
where Axyq – anisotropy in quiet periods. We should 
remember that the CR anisotropy exists always, and 
interplanetary disturbances only increase it. The ratio of 
the CR anisotropy to the FE amplitude increases toward 
the west longitudes. Anisotropy becomes large in the FEs 
from the far western sources. Since the disturbed region 
is open to the east, the recovery occurs very fast from 
east to west. 

 
Fig.8. Dependence of the mean time of FE main phase 
(tmin) and time of maximum decrease per hour (t∆min). 

 

Discussed characteristics may serve as a source of addi-
tional information for space weather forecast. For exam-
ple, if there is a small value of AF/B and a relatively large 
Axym/AF, you can speak about the western source of FE. 
Here we have a factor that allows to judge about the 
longitude of the source, and often – to separate the west-
ern events from the eastern and central. 
Characteristics plotted in figure 8, show how event de-
veloped. For example, the faster effect develops in the 
western region, the smaller it and shorter; the decrease 
has no time to develop fully, since the Earth quickly goes 
out of the disturbed area. The eastern events evolve more 
slowly, the disturbed region as it runs over the Earth. 
Most slowly events develop from the far eastern sources, 
and the effects from moderately west sources are fastest. 
Sometimes, at very far western source, the Earth can’t 
even enter the disturbed region, and we don’t observe 
decrease in CR density. But significant changes in CR 

anisotropy will be observed long time, the Earth would 
be like to "see" the source from distance. 

4 Conclusion 
Comparison of the Forbush-effects associated with spo-
radic solar sources (CME) from different areas of the 
solar disk reveals a significant dependence of various 
parameters of the FEs from heliolongitude of the source. 
The direction of vector of the CR anisotropy during the 
FE is more variable for the eastern and central sources 
and is steadier for western. 
Effects associated with the eastern CME develop most 
slowly. 
The closer the source to the western edge of the solar 
disk, the more anisotropic is FE (the greater ratio of the 
observed anisotropy to the CR density in this FE). 
Group of FEs with western sources is notable with its 
rapid development (in particular, the rapid achievement 
of a minimum of FE). 
Further analysis may reveal also other parameters of the 
Forbush effects, substantially dependent on heliolongi-
tude source that provides additional information about 
the arrival of the disturbances of solar wind to the Earth 
and has predictive value. 
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