
 
 
 
 
 
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011 
 

 
 

 

 

The Solar-Terrestrial Events during February 2011 

FABRIZIO SIGNORETTI1, MONICA LAURENZA1, MARIA FEDERICA MARCUCCI1, MARISA STORINI1 

1INAF/IFSI-Roma, Via del Fosso del Cavaliere, 100 - 00133 Roma - Italy 
signoretti@fis.uniroma3.it 

Abstract: After a long period characterized by a nearly quiescent solar activity, some intense solar X-ray flares oc-
curred during February 2011. The interplanetary counterpart (solar wind macro-perturbations) of such solar storms 
reached the Earth on February 18 and an intense Forbush decrease was registered by the world-wide neutron monitor 
network. Nevertheless, no solar energetic proton (SEP) events, exceeding the Space Weather Prediction Center thre-
shold of 10 pfu at E ≥ 10 MeV, were observed. Our forecasting SEP model, based on X-ray events of intensity greater 
than M1.9 and type III radio emission, has been tested for these solar events. As a result, no SEP events were pre-
dicted in agreement with the actual solar energetic proton lack.  
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1 Introduction 

The two spacecraft of the BepiColombo mission to Mer-
cury (collaboration ESA/JAXA) are scheduled for launch 
by August 2014. The main probe will house the Solar 
Intensity X-ray and particle Spectrometer (SIXS). 
An Italian team (WP 6000 - SIXS/BC; P.I.: Marisa Stori-
ni), supported by the Italian Space Agency (ASI), has 
been collaborating with the Finnish team (P.I.: Juhani 
Huovelin) responsible for the SIXS instrument [1]. One 
of the tasks of the Italian group is the solar activity watch 
during the current solar cycle (N° 24). This study re-
quires the continuous check of several solar and interpla-
netary parameters since January 2007. In particular, the 
occurrence of Solar Energetic Particle (SEP) events, 
which are relevant for SIXS Science, have been investi-
gated.  
 
This paper discusses solar activity aspects during the 
transition phase from solar cycle N°23 to N° 24, with 
emphasis on the events of February 2011. 

2 Solar Soft X-ray events 

2.1 Data set 

Data of solar soft X-ray (1-8 Å band) flares from January 
2007 to February 2011 were obtained from the long-term 
observations onboard GOES satellites (available at 
http://www.ngdc.noaa.gov/stp/). For each month the M-

and X-class flares were identified and the number of 
occurrences was computed as reported in Table 1.  

 2007 2008 2009 2010 2011 

Jan. [0, 0] [0, 0] [0, 0] [6, 0] [1, 0] 

Feb. [0, 0] [0, 0] [0, 0] [9, 0] [13, 1] 

Mar. [0, 0] [1, 0] [0, 0] [0, 0]  

Apr. [0, 0] [0, 0] [0, 0] [0, 0]  

May [0, 0] [0, 0] [0, 0] [0, 0]  

Jun. [10, 0] [0, 0] [0, 0] [0, 0]  

Jul. [0, 0] [0, 0] [0, 0] [0, 0]  

Aug. [0, 0] [0, 0] [0, 0] [1, 0]  

Sep. [0, 0] [0, 0] [0, 0] [0, 0]  

Oct. [0, 0] [0, 0] [0, 0] [1, 0]  

Nov. [0, 0] [0, 0] [0, 0] [3, 0]  

Dec. [0, 0] [0, 0] [0, 0] [0, 0]  

 
Table 1. Number of solar soft X-ray flares of M (first 
value) and X (second value) class for the period January 
2007 - February 2011. 
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As it can be seen in Table 1, after the solar flares oc-
curred in December 2006 (see, for instance, [2]) no X-
class flares were recorded until February 2011. Also M-
class flares are almost absent before February 2011 (ex-
cept for June 2007, January and February 2010). A long 
near quiescent period characterized the transition from 
solar cycle N° 23 to N° 24 (December 2008 was fixed as 
solar minimum). In fact, according with the listing1 of 
SEP events able to affect the Earth environment, no SEP 
events were observed from 2007 to 2009. The first SEP 
event of the new solar cycle was registered on 14 August 
2010. It was associated with a solar X-ray flare of inten-
sity C4. Two successive SEP events were recorded in 
March 2011 (day: 8, flare: M3.0; day: 21; flare unknown).  

2.2 SEP Forecasting 

Laurenza et al., 2009 [3] developed a technique, based on 
X-ray events of intensity greater than M1.9 and type III 
radio emission, suitable for SEP event forecasting (see 
also [4]).  
In order to test such model, the M/X-class flares occurred 
from January to February 2011 were selected according 
to their intensity and reported in Table 2.  
 

Date X Flare Class [Longitude] 
2011 January 28 M1.3 
2011 February 9 M1.9 
2011 February 13 M 6.6[E04] 
2011 February 14 M 2.2[W181] 
2011 February 15 X 2.2[W17*] 
2011 February 16 M 1.0; M 1.1; M 1.6 
2011 February 18 M 6.6[>W20*]; M 1.0; M 1.4; M 1.0 
2011 February 24 M 3.5[>E60*] 
2011 February 28 M 1.1 

 

Table 2. X-ray flare intensities and locations for the pe-
riod January-February 2011. Flare longitudes followed 
by asterisk refer to derived values from the active region 
position. 
 
With reference to Table 2, the X-ray flare intensities 
evidenced in bold character can be used for the forecast-
ing technique verification. Note that the flare location is 
an essential parameter required by the model. It was 
indicated inside square brackets when optical observa-
tions were available. In the absence of optical flare 
records, the flare longitude (marked with an asterisk) was 
derived from the active region history (see [5]). 
Figure 1 shows the probability contours for SEP forecast-
ing obtained by [3] as function of the time-integrated 
radio intensity at 1 MHz and the time-integrated X-ray 
flare intensity, for three complementary ranges of flare 
longitudes. For each graph, the dashed line separates two 
regions for expected (above the curve) and not expected 
(below the curve) SEP events. Every solar flare can be 
located in such diagrams, given the key parameter values, 
in order to evaluate the occurrence of a subsequent SEP 
event and to give a warning.  
This was done for the X-ray flares2 reported in Table 2, 
except for 14 February 2011 (no data available), together 
                                                           
1 NOAA/USA, Space Weather Prediction Center 
2 Radio data from http://ssed.gsfc.nasa.gov/waves/ 

with the ones recorded during December 2006 and 
March 2011. In the top panel (western longitudes) are 
reported the intensities of the events observed on 13 
December 2006 (filled triangle), on 8 March 2011 (aste-
risk) and on 18 February 2011 (filled circle) intensities. 
In the middle panel (central longitudes) the intensities of 
the events on 13 February 2011 (lower filled circle) and 
15 February 2011 (upper filled circle) are shown. Finally, 
in the bottom panel (Eastern longitudes) the intensities of 
the events occurred on 24 February 2011 (lower filled 
circle) and on 6 December 2006 (filled triangle) are illu-
strated.  

 
Figure 1. Integrated 1 MHz radio intensity versus inte-
grated 1-8 Å soft X-ray intensity for ≥ M2 soft X-ray 
flares for seven x-ray flares located in three ranges of 
flare longitudes (see the text for details).  
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The SEP forecasting model was successfully tested for 
all the considered flare events. In fact, the filled circles, 
for which no alert is issued, correspond to flares which 
are not followed by any SEP events. On the other hand, 
the filled triangles and the asterisk, for which the alert is 
provided, correspond to flares associated with SEP 
events observed in the interplanetary space. 

3 Galactic Cosmic Rays 

The reference period (January 2007 to February 2011) 
was furthermore analyzed to identify intensity (I) de-
creases of galactic cosmic rays. The neutron monitor data 
recorded in Rome by the SVIRCO Observatory (geo-
graphic latitude 41.86°N, longitude 12.47°E, altitude 
about sea level, vertical cut-off rigidity about  6 GV) 
were accurately checked on hourly basis (see [6-11]).  
 
No decreases greater than 2.5% were observed before 
February 2011, as a confirmation of the near quiescent 
activity of the Sun (note that nucleonic intensity decreas-
es, related to coronal hole presence on the Sun, are on the 
order of 0.5% for each 100 km/s of increase in the plas-
ma speed (V) of the associated interplanetary macro-
perturbation on daily basis, [12]; for example a ΔV = 500 
km/s → ΔI ~ 2.5 %).  
 
The time histories of four solar wind parameters in the 
near Earth interplanetary space3 are plotted in figure 2 
(from the top) for the period 16-20 February 2011. The 
contemporaneous time trend of proton flux3, for energies 
greater than 10 MeV, together with the ones of nucleonic 
intensity recorded by SVIRCO neutron monitor4 and of 
the geomagnetic Dst index3 are illustrated in the same 
figure as well.  
 
The cosmic ray decrease (Forbush decrease: FD) starts in 
the early morning of 18 February 2011. It is associated 
with the passage at the Earth of an interplanetary pertur-
bation headed by a shock (see the sudden and sharp in-
crease in the solar wind parameters). The analysis of the 
magnetic field components (here not reported) reveals a 
CME transit inside the interplanetary perturbation. The 
cosmic ray decreasing phase lasts about eight hours (ΔI ~ 
2.9 % of the February 17 mean level). The geomagnetic 
field also shows a sudden impulse of more than + 50 nT 
in the Dst index during the first part of 18 February and a 
decrease to - 27 nT during the second part of the day; a 
modest geomagnetic perturbation follows in the succes-
sive days. 
 
During the depressed cosmic ray phase (about 08 UT-19 
UT) a nearly constant level (99.36 %) is maintained; it is 
followed by a 1% recovery during February 19 and about 
0.5 % more during February 20. 
 

                                                           
3 Data from http://omniweb.gsfc.nasa.gov/form/dx1.html 
4 http://webusers.fis. uniroma3.it/svirco/ 

The > 10 MeV proton flux shows a nearly constant level 
during the time interval 17-20 February 2011, except for 
a modest increase during February 18, well correlated 
with the shock passage at the Earth. 
 

 
 
Figure 2. From the top: time history of solar wind para-
meters (1st - 4th panels), > 10 MeV proton flux (5th panel), 
cosmic ray intensity (6th panel) and Dst geomagnetic 
index (7th panel). 
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4 Conclusion 

The occurrence of solar X-ray flares and subsequent 
interplanetary manifestations of solar activity (SEPs and 
FDs) were investigated during the transition phase be-
tween cycle n° 23 and n° 24. The period 2007-2009 was 
characterized by a low solar activity level, without any X 
class flares, SEP events and FDs > 2.5 % as recorded by 
the SVIRCO Observatory. On the other hand, noticeable 
activity was present during February 2011, when 13 M-
class and 1 X-class flares were observed. In particular, 
the high solar activity between 13 and 15 February was 
followed by a FD exceeding the 2.5 % intensity level, 
Nevertheless, the >10 MeV proton flux never reached the 
10 pfu threshold, usually used to determine the occur-
rence of a SEP event by the Space Weather Prediction 
Center. We tested the SEP forecasting technique devel-
oped by [3] and able to provide a SEP warning, when a 
≥M2 flare is in progress. For all the February X-ray 
flares, meeting the model required criteria, a correct 
forecast was provided (no SEP event forecast and none 
occurred). In addition, 3 SEP events (6 and 13 December 
2006 for cycle 23, 8 March 2011 for cycle 24) were suc-
cessfully predicted. 
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