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Abstract 
In this paper we present an overview of solar radio observations at 11.2 GHz on Metsähovi Radio 
Observatory (MRO). The data were observed during the solar cycles 23 and 24 (2001-2013) both 
in solar maxima and minimum. In total, 180 solar radio bursts, with varying intensities and prop-
erties, were observed. We compare our data series with other similar data sets. A good correlation 
can be found between the data series. It is concluded that one can conduct scientifically significant 
solar radio observations with a low cost instrument as the one presented in this paper. 
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1. Introduction 
Metsähovi RT-1.8, located at Metsähovi Radio Observatory (MRO), Aalto University (Helsinki Region, Finland, 
GPS: N60˚13.04ꞌ, E24˚23.35ꞌ), is a radio telescope with a 1.8 m dish diameter dedicated for continuous solar 
observations. The telescope has a beam size of 81.6 arc min and its system noise temperature is 270 K. It ob-
serves the total radiation of the Sun at a frequency of 11.2 GHz. The emission measured at 11.2 GHz originates 
from lower corona. The Quiet Sun Level (QSL) is around 12,000 K at 11.2 GHz. The radio telescope is used for 
observing solar radio bursts, as it acts as a detector of general solar activity. It also studies on solar oscillations 
have been done. High sampling rate (5 kHz) enables studying flare fine structure, including short periodic oscil-
lation phenomena. The radio telescope has no protective radome, therefore it is vulnerable to prevailing weather 
conditions. Around 200 solar radio bursts have been detected since their launch in 2001. Full documentation of 
the Metsähovi RT-1.8 can be found in [1]. The telescope has a logarithmic output which can be utilized in the 
case of strong bursts in which case the linear output, that is used in this study, would saturate. The logarithmic 
output was not enabled during this research. The changing radio emission indicates variation of solar magnetic 
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activity. The birth of radio emission is affected by all plasma parameters, for example, temperature and density. 
This signifies the importance of radio observations and introduces interesting information on the subject. Gyro-
motion of thermal electrons in a presence of a magnetic field causes thermal gyroresonance emission. In active 
regions the magnetic field may have the strength to render the corona optically thick to enable gyroresonance 
absorption at the frequency range of 1 - 18 GHz. 

The first observation of a solar radio burst was measured in the 1940’s. Thus, there are only few observations 
and their time span is only about 70 years. Data from Metsähovi RT-1.8 have been used earlier, for example, by 
[2] who studied solar oscillations during a solar radio burst (flare). They found various oscillation periods be-
tween 1.9 and 12.8 minutes. They assumed that some of these periods corresponded to the signatures of large- 
scale transverse oscillations of coronal loops. This study presents a new long-term time series of solar radio 
burst data which is compared to several existing time series. At MRO a similar time series has been produced at 
a frequency of 37 GHz [3]. 

2. Classification of Solar Radio Bursts 
In this study solar radio bursts were categorized in three different classes from I to III (I being the weakest and 
III being the strongest) on the basis of their strengths. Due to the fact that the data is not perfectly calibrated, we 
divided it into the three classes. In Figure 1 one can see an example of a typical measurement day (13.5.2013) 
with one Class III burst. Observations cover a time period from 1/2001 to 12/2013 excluding February, March 
and October each year due to satellite interference. Furthermore, some other months were excluded due to tech-
nical issues. A monthly average number for the bursts is calculated. In Figure 1 Quiet Sun Level (QSL) is the 
median of the data set (sunshine time) which in this case is a rough estimate. Its SFU can be calculated with Eq-
uation (1) in which f is the frequency, 11.2 GHz [4]: 

5 1.7482.79 10 , 6000 - 400,000 MHz.SFU f−= × ×                        (1) 

For measurement displayed in Figure 1, the result is 450 SFU. If a burst exceeds 500 SFU, the result will sa-
turate. By choosing Class I to be as high as 1.2× QSL, it is ensured that no artifacts are introduced into the re-
sults. 

At MRO long time series of solar observations are possible only during the summers due to the Northern lo-
cation of the site. The biggest reason that causes problems is the weather, for example, wind and rain. As an 
example of such a weather effect can be seen in Figure 1, a dip on intensity curve at around 15:00. Furthermore, 
during winter the Sun is below the horizon for the most part of the day. From the beginning of 2014 a new cali-
bration method, that exploits the use of a calibration noise diode, has been in use allowing a more accurate divi-
sion of the solar radio bursts. Calibration is now performed daily. 

 

  
Figure 1. Example of a 24-hour measurement on 13.5.2013.                                          
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3. Results 
A summary of solar radio bursts is listed in Table 1. It is surprising that the number of events in Class II and III 
is about the same. 

In Figure 2 and Table 2 a distribution of the solar radio bursts into different classes during 2001-2013 can be 
seen. Monthly averages of total number events are listed in Table 3. Near the beginning and end of the data col-
lection period the amount of Class III and II bursts are at their highest. Note, that in the middle of the data col-
lection period no solar radio bursts were recorded (Table 3) or their strength was too low to be recorded. This 
also indicates a very quiet solar minimum. It can also be seen from Table 3 that solar cycle 24 is weaker than 
cycle 23 as the number of bursts is lower. 

[5] has recorded a similar time series as in Figure 2, but the data is not comparable because it is from an ear-
lier time period. Also in [6] and [7] similar solar radio burst time series have been introduced but they have too 
been measured at different frequencies and at a previous period in time and, thus, are not fully comparable. 

When the data was compared to total solar radio flux at 2.8 GHz measured at Dominion Radio Astrophysical 
Observatory in Canada [8], it was noticed that the solar events measured at Metsähovi at 11.2 GHz appear to 
correlate with the Dominion total solar radio flux curve quite accurately (Figure 3). It should also be noted that 
the observations at 2.8 GHz correlate accurately with sunspot numbers. 

Due to the architecture of the telescope, for example, the lack of a radome, and thus the influence of changing 
weather to the results, a plausible total solar radio flux curve cannot be created and directly compared with Do-
minion Radio Astrophysical Observatory’s total solar radio flux (Figure 3). 

When the MRO data was compared to data from two of the telescopes belonging to Radio Solar Telescope 
Network [9] Lear month, Australia and San Vito, Italy [10], it could be concluded that again the data correlated 
even though the locations of the telescopes are rather far away from each other, which in turn explains why the 
number of the events at different locations differs (Figure 4). The size of the telescopes is about the same. 
Please also note that the instruments and their sensitivities differ from each other, which further explains the 
variation in the number of the solar events recorded at different observatories. Yet another explanation to the 
variation is the high QSL limit that was chosen for the MRO data. Details about the different observatories are 
listed in Table 4. 

4. Conclusions 
It can be concluded that the solar radio burst data observed with MRO’s RT-1.8 telescope at 11.2 GHz are com-
parable to the data observed at 2.8 GHz at Dominion, Canada, 15.4 GHz at Learmonth, Australia and 8.8 GHz at  

 

  
Figure 2. Classification of solar flares on basis of their intensity.                                         
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Table 1. Classification of solar radio bursts.                                          

Class X QSL Number of events Percentage value (%) 

I 1.2 - 1.4 84 46.7 

II 1.4 - 1.7 47 26.1 

III >1.7 49 27.2 

Total - 180 100.0 

 

  
Figure 3. Comparison between number of the solar radio event at 11.2 GHz (blue) and total solar radio flux at 2.8 
GHz from Dominion Radio Astrophysical Observatory, Canada (green).                                      

 

  
Figure 4. Comparison of number solar flares between Metsähovi (blue), Learmonth (red) and San Vito (black) between 
2001 and 2010.                                                                                       
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Table 2. Solar radio bursts 2001-2013 per month.                                    

Month 
Classes  

Class I Class II Class III Total number of events 

20010401 

20010501 

20010601 

20010901 

20011201 

20020401 

20020801 
20021101 
20021201 
20030101 
20030401 

20030501 

20030601 

20030701 

20030801 

20030901 

20031201 

20040101 

20040401 

20040801 

20040901 

20041101 

20050401 

20050501 

20050601 

20050701 

20050801 

20060101 

20061101 

20061201 

20070101 

20070401 

20070601 

20070701 

20070801 

20070901 

20071201 

20080101 

20080401 

20080601 

20080701 

20080801 

2 

0 

0 

0 

0 

1 

6 
1 
0 
0 
1 

0 

4 

2 

0 

0 

0 

1 

2 

0 

0 

1 

0 

1 

1 

7 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

1 

1 

5 

1 

0 

7 
0 
0 
0 
0 

0 

2 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

2 

1 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

3 

3 

1 

1 

9 
1 
1 
0 
1 

1 

7 

0 

1 

0 

0 

0 

2 

3 

0 

0 

0 

3 

2 

2 

1 

0 

1 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

1 

4 

8 

2 

2 

22 
2 
1 
0 
2 

1 

13 

3 

1 

0 

0 

1 

4 

4 

0 

2 

0 

4 

3 

11 

3 

0 

1 

2 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 



J. Kallunki, M. Uunila 
 

 
442 

Continued 

20080901 

20081101 

20090401 

20090501 

20090701 

20090801 

20090901 

20091101 

20100401 

20100501 

20100701 

20100801 

20100901 

20101101 

20101201 

20110101 

20110401 

20110501 

20110601 

20110701 

20110801 

20110901 

20111101 

20111201 

20120101 

20120401 

20120501 

20120601 

20120701 

20120801 

20120901 

20121101 

20121201 

20130101 

20130401 

20130501 

20130601 

20130701 

20130801 

20130901 

20131101 

20131201 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

4 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 

0 

0 

0 

2 

1 

4 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

4 

5 

1 

0 

0 

0 

2 

3 

5 

0 

0 

0 

0 

0 

3 

2 

1 

0 

1 

0 

4 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

6 

12 

2 

0 

0 

0 

4 

4 

15 

1 

0 

0 

0 

0 

4 

4 

1 

1 

1 

0 

6 

1 
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Table 3. Monthly averages of measured solar radio bursts 2001-2013 for each class. Also total 
monthly averages are listed.                                                         

Year Class I events Class II events Class III events Monthly average 

2001 0.4 (7.4%) 3.0 (55.6%) 2.0 (37.0%) 5.4 

2002 2.0 (29.4%) 1.8 (26.5%) 3.0 (44.1%) 6.8 

2003 0.9 (36.0%) 0.4 (16.0%) 1.2 (48.0%) 2.5 

2004 0.8 (36.4%) 0.4 (18.2%) 1.0 (45.5%) 2.2 

2005 2.0 (47.6%) 0.6 (14.3%) 1.6 (38.1%) 4.2 

2006 0.3 (30.0%) 0.0 (0.0%) 0.7 (70.0%) 1.0 

2007 0.0 (0.0%) 0.4 (57.1%) 0.3 (42.9%) 0.7 

2008 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 

2009 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 

2010 0.0 (0.0%) 0.0 (0.0%) 0.3 (100.0%) 0.3 

2011 0.8 (33.3%) 0.4 (16.7%) 1.2 (50.0%) 2.4 

2012 0.7 (25.0%) 0.9 (33.3%) 1.1 (41.7%) 2.7 

2013 0.4 (22.2%) 0.2 (11.1%) 1.3 (66.7%) 2.0 

 
Table 4. Details about the observatories.                                             

Observatory Frequency (GHz) Location (degrees) Size (m) 

Metsähovi, Finland 11.2 60˚N 24˚E 1.8 

Dominion, Canada 2.8 49˚N 119˚W 2.0 

Learmonth, Australia 15.4 22˚S 114˚E 1.0 

San Vito, Italy 8.8 41˚N 18˚E 2.4 

 
San Vito, Italy. About one half of the data recorded during 13 years belong to our Class I and the other half to 
Classes II and III, both of which have about the same number of events. In the future, similar analysis should 
also be performed to Lear month and San Vito data. It is rather remarkable that a low cost instrument that utiliz-
es commercial components such as ones used in television satellite technique, like MRO’s RT-1.8, enables vast 
and scientifically significant observations. The instrument can be used for both cyclicity and single event analy-
sis. However, only one 11-year period has been measured so far. In the future MRO will continue to prolong the 
time series even further to allow investigating solar cyclicity thoroughly. 

From the beginning of year 2014 a new improved calibration method was introduced to allow a more accurate 
division of the solar radio bursts. The new calibration method enables the use of a realistic SFU values. In the 
future a new radome will be purchased, which will cancel out the most severe weather effects. The Northern lo-
cation enables unique long-term monitoring during summertime. 

Now new statistics are created, for example, with additional information of the shape for the burst. For ex- 
ample, in Figure 1 a double-peak structure is seen. Previously only the strength of the burst was taken into ac-
count even though double-peak structures were also measured. In the data measured in 2014 or prior a lot of 
bursts with a double-peak structure have been recorded. In the future these will be further studied. Solar radio 
bursts at 11.2 GHz will also be monitored and analyzed together with bursts measured with MRO Callisto 
equipment [11], and also with RHESSI (Reuven Ramaty High Energy Solar Spectroscopic Imager) data [12]. In 
the near future 11.2 GHz data archive will be published for public use. 
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