
 

 

Analysis of the influence of solar activity and atmospheric factors on 
7
Be air concentration by 1 

seasonal-trend decomposition 2 
 3 

 4 

1. Introduction 5 

7
Be is a cosmogenic radionuclide that has been widely studied in recent decades and used as an atmospheric tracer 6 

of aerosols due to its relatively short life (𝑇1
2⁄ = 53.3 days) and ease of measurement by 𝛾-spectrometry. This 7 

radionuclide is formed by spallation reactions of light atmospheric nuclei (such as carbon, nitrogen and oxygen) 8 
with very high-energy protons and neutrons of the primary cosmic rays, with galactic cosmic rays the component 9 
mainly responsible for their production (Lal et al., 1958; Bruninx, 1961, Vogt et al., 1990; Baeza et al., 1996). Most

 10 
7
Be production (∼70%) occurs in the stratosphere and the remainder (∼30%) is produced in the troposphere, 11 

consequently the 
7
Be production rate is altitude-dependent (Feely et al., 1989).  12 

The intensity of galactic cosmic rays in the Earth’s orbit is affected by solar activity and the geomagnetic field, 13 
under constant cosmic ray bombardment in space (Vogt et al., 1990). Solar modulation of galactic cosmic rays 14 
shows a cyclical trend of approximately 11 years and previous studies have confirmed the inverse correlation with 15 
solar activity as a result of the shielding caused by the magnetic activity of the Sun (O’Brien, 1979; Hötzl et al., 16 
1991; Ioannidou and Papastefanou, 1994). Solar activity has a direct relationship with the sunspot number and for 17 
this reason, this parameter is widely used to represent solar activity (Cannizzaro et al., 1995; Papastefanou and 18 
Ioannidou, 2004; Piñero-García and Ferro-García, 2013). Kotsopoulou and Ioannidou (2012) pointed out that solar 19 
activity is the dominant cause of the observed variation of galactic cosmic rays. Moreover, the geomagnetic field 20 
deflects incoming galactic cosmic rays toward the magnetic poles, so that the 

7
Be production rate is much higher at 21 

high latitudes (Feely et al., 1989).  22 

In addition to the above-mentioned sources of variability, 
7
Be concentration in the lower layers of the atmosphere 23 

presents temporal variations caused by other factors. Thus, the concentration of this radionuclide has a seasonal 24 
pattern with maximum values in spring-summer and minimum values in autumn-winter. This seasonality is mainly 25 
explained by the following factors (Feely et al., 1989; Baeza et al., 1996):  26 

i) the incorporation of 
7
Be into the lower layers of the troposphere due to the displacement of masses of air from 27 

higher layers caused by solar radiation. According to Baeza et al. (1996), the maximum values of 
7
Be 28 

concentrations in the hottest months may be justified by vertical air mixing. The rising hot air forces the cold 29 
air in the higher layers to move downwards, where there are greater concentrations of cosmogenic 30 
radionuclides. The heating of air masses is directly related to the longer length of the solar day and the greater 31 
angle of incidence of solar radiation during the summer.  32 

ii) the meteorological parameters that affect the climatology of regions in which the sites are located, such as 33 
temperature, relative humidity, precipitations, and wind speed. 34 

The aim of this paper is to study the different sources of variability of 
7
Be air concentration in the city of Valencia 35 

over the period 2007-2014, using a methodology that decomposes a time series into different components. The 36 
decomposition model makes it possible to estimate the influence of solar activity and atmospheric factors on the 37 
independent components, in order to find the different sources of 

7
Be variability. It should be noted that we focus 38 

on the 
7
Be concentration in the air of the city of Valencia, which has a fixed latitude and altitude, so that the 39 

variability caused by these factors is not considered. 40 

2. Material and methods 41 
 42 

2.1. Sampling  43 

Airborne particulate samples were collected weekly on the campus of the Universitat Politècnica de Valencia from 44 
January 2007 to December 2014. Valencia is situated on the east coast of Spain (15m above sea level) in the 45 



 

 

western Mediterranean Basin (39°28′50″ N, 0°21′59″ W) (Fig. 1) and has a relatively dry subtropical 46 
Mediterranean climate with very mild winters and long hot summers. The sampling point was located 47 
approximately 2 km away from the coastline, so that high relative humidity is registered, especially in summer. 48 

Aerosol samples were collected using Eberlyne G21DX and Saic AVS28A air samplers that were situated 49 
approximately 1 m above ground. The aerosol particles were retained on a cellulose filter of 4.2 x10

-2
 m effective 50 

diameter and 0.8 µm pore size. Filters were changed weekly and the average volume ranged from 300 to 400 m
3 
per 51 

week. Each filter was introduced in a plastic box and kept in a desiccator until its measure.  52 

 53 

  54 

 55 

 56 

 57 

 58 

 59 

Fig. 1. Map showing the location of Valencia in the center-eastern coast of the Iberian Peninsula 60 

 61 

2.2. 7
Be activity measurements 62 

A monthly composite sample containing 4-5 filters was measured by 𝛾-spectrometry to determine specific 
7
Be 63 

activities using an n-type HPGe detector (ORTEC Industries, USA) with a relative efficiency of 18% for 60Co 64 
gamma-rays. A certificated standard containing radionuclides with energies ranging from 59 to 1836.1 keV was 65 
used for preparing calibrated filters. The filters were placed on the top of the detector inside a plastic box. The 66 
counting time was 60000s and the 𝛾-line 477.7 KeV was used to calculate the activity. ORTEC Gamma-Vision 67 

software was used for acquisition and analysis. Concentration activities were corrected for the radioactive decay to 68 
the mid-collection period. The mean measured uncertainties (K=2) were around 10 %. 69 

 70 

2.3. Solar activity and atmospheric factors 71 

Solar activity as measured by the sunspot number parameter was considered. A sunspot is a region on the Sun with 72 
a strong magnetic field and lower temperatures than the surrounding photosphere. The sunspot number parameter 73 
(SSN) was collected daily during the period 2007-2014 by the World Data Center SILSO, Royal Observatory of 74 
Belgium, located in Brussels (SILSO, 2015). 75 

The meteorological factors studied in the present work are: precipitations (PP) (in tenths of millimeters), 76 
temperature (T) (in tenths of °C), relative humidity (RH) (%) and wind speed (W) (km/h), collected by the 77 
meteorological station at the Universitat Politècnica de Valencia, and solar radiation (KJ/m

2
) provided by the 78 

Spanish National Institute of Meteorology, AEMET.  79 

In this study we considered the mean monthly values of temperature, relative humidity, wind speed, sunspot 80 
number and direct solar radiation. The precipitation factor was considered as the number of rainy days per month 81 
due to the particular rainfall regime in Valencia, with few days of torrential rainfall and many dry days.  82 

2.4. Statistical methods 83 
 84 
2.4.1. Exploratory analysis 85 

VALENCIA 



 

 

A descriptive analysis was applied to study the behavior of 
7
Be activity during the period 2007-2014. First, the 86 

distribution of this activity was characterized and the main descriptive statistics were obtained to analyze the data. 87 
The analysis of variance test (ANOVA) was then carried out to study the statistical significance of the differences 88 
in 

7
Be concentration in the air over the years and seasons. 89 

 90 

2.4.2. Seasonal-trend decomposition of a time series 91 

The variation of 
7
Be data with time was studied by time series analyses. A time series is a sequence of observations 92 

taken sequentially in time. Many procedures can be used to analyze a time series. We opted to decompose the 
7
Be 93 

time series into a mixture of four independent components (Kendall, 1976): 94 
i) a trend component (𝑇𝑡) or long-term movement, that reflects the long term variation of the time series.  95 

ii) a cycle component (𝐶𝑡) or fluctuations about the trend of greater or less regularity. 96 

iii) a seasonal component (𝑆𝑡), reflecting seasonality. Seasonal variations are short-term fluctuations in a time 97 
series which occur periodically in a period of time (in this study the period of time is one year).  98 

iv) an irregular component (𝐼𝑡), or residual effect that describe random and irregular influences. 99 

 100 
It is interesting to represent series as the sum of these four components and one of the objects of the analysis is to 101 
break the series down into their constituents for individual study.  102 
 103 
Let 𝑌𝑡 , 𝑡 = 1, … , 𝑁 denote a time series from which the unobserved trend component has to be extracted. It is very 104 

difficult to distinguish between the trend and the cycle components (this requires long series and complete cycle 105 
data being available), so in general both components are combined into one named trend-cycle (𝑇𝐶𝑡). In this study 106 
we also considered the trend-cycle component in the time series, since the study period is short (2007-2014): 107 
 108 

𝑌𝑡 = 𝑇𝐶𝑡 + 𝑆𝑡 + 𝐼𝑡         (1) 109 
 110 
There are many techniques for depicting the trend-cycle component from a time series using filters or parametric 111 
regression models. The most common forecasting technique to estimate the trend-cycle component, which does not 112 

require any assumption, is the symmetric centered moving average filter of order 𝑠 defined by the following 113 

expression (Kendall, 1976): 114 

𝑇𝐶�̂� =
1

𝑠
∑ 𝑤 ∗ 𝑌𝑡+𝑘

𝑠 2⁄

𝑘=−𝑠 2⁄

,     (2) 

 115 

  𝑤 = 0.5 𝑓𝑜𝑟 𝑘 = {−𝑠 2⁄ , 𝑠 2⁄ };  𝑤 = 1 ∀𝑘 ≠   {−𝑠 2⁄ , 𝑠 2⁄ }; (𝑠 2⁄ + 1) ≤ 𝑡 ≤ 𝑁 − 𝑠 

 116 

In the present study 𝑠 = 12, because the objective is to study the trend-cycle component over a number of months 117 
of a year (inter-annual variability). Once the trend-cycle component has been estimated, the times series: 118 
 119 

𝑌𝑡
′ = 𝑌𝑡 − 𝑇𝐶�̂� = 𝑆𝑡 + 𝐼𝑡        (3) 120 

 121 
is called a detrended series. It should be noted that 𝑌𝑡

′ does not start to yield values until 𝑡 = 7.  122 

 123 

In order to estimate the seasonal factors 𝑆�̂� of the detrended series 𝑌𝑡
′, we used a stable seasonal filter. For 124 

observations made during period 𝑘, 𝑘 = 1, . . , 𝑠 a stable seasonal filter computes a single seasonal value for each 125 
month by first calculating the average of all the values for each month (taken after the detrending adjustment), 126 
which reduce the change of the irregular component affecting the seasonal component (Kendall, 1976): 127 
 128 



 

 

𝑆�̃� =
1

(𝑁 𝑠⁄ )
∑ 𝑌𝑘+𝑗𝑠

′

(𝑁
𝑠⁄ )

𝑗=1

,   𝑘 = 1, … ,6 

           =
1

(𝑁 𝑠⁄ )
∑ 𝑌𝑘+𝑗𝑠

′

(𝑁
𝑠⁄ )−1

𝑗=0

,   𝑘 = 7, … ,12              (4) 

The seasonal factors are defined as:  129 

𝑆�̂� = 𝑆�̃� − 𝑆̅,         𝑆̅ =
1

𝑠
∑ 𝑆�̃�

𝑠

𝑖=1

,           𝑡 = 1, … ,12                    (5) 

In Eq. (5) we impose the condition that ∑ 𝑆�̂�
𝑠
𝑖=1 = 0 to define the seasonal factor fluctuation around zero. Given 130 

estimates 𝑇𝐶�̂� and 𝑆�̂�, the irregular component is estimated as: 131 
 132 

𝐼�̂� = 𝑌𝑡 − 𝑇𝐶�̂� − 𝑆�̂�          (6) 133 
 134 
The above-described method was found to be useful in the present study to estimate the influence of the different 135 
factors (solar activity and atmospheric parameters) on the trend-cycle and on seasonal and irregular components of 136 
the 

7
Be time series.  137 

 138 

3. Results and discussion 139 

 140 
3.1. Temporal evolution of 

7
Be air concentration 141 

 142 
The temporal evolution of 

7
Be air concentration at the Universitat Politècnica de València from 2007 to 2014 is 143 

shown in Fig. 2. Goodness of fit to normality was proved by the Kolmogorov-Smirnov test. As the p-value 144 
obtained was 0.57, the monthly 

7
Be air concentration fits well with a normal distribution. The arithmetic mean was 145 

therefore used as a descriptive statistic to analyze the data. 146 
 147 

 148 
Fig. 2. Temporal evolution of 7Be air concentration at Universitat Politècnica de València over the period 2007-2014. 149 
 150 
7
Be activity concentrations ranged from 2.65 to 8.11 mBq/m

3
 with an arithmetic mean of 4.69±1.20 mBq/m

3 
during 151 

the period studied. The values obtained are consistent with 
7
Be air concentrations reported in previous studies in 152 

regions at similar latitudes, such as Granada (5 mBq/m
3
) (Azahra et al., 2004a), Málaga (4.17 mBq/m

3
) (Piñero-153 

García and Ferro-García, 2013), Cáceres (4.4 mBq/m
3
) (Baeza et al., 1996), Palermo (5.06 mBq/m

3
) (Cannizzaro et 154 

al., 2003).  155 

 

 



 

 

 156 
The concentration of 

7
Be in the monthly samples collected and analyzed from 2007 to 2014 are reported per year 157 

and season. Table 1 lists the arithmetic mean of the annual 
7
Be activity concentrations and the corresponding 158 

standard deviation. The highest mean concentration is observed in 2009, coinciding with the minimum solar 159 
activity of the 24th solar cycle. The result obtained is in agreement with the findings of Piñero-García and Ferro-160 
García (2013). On the other hand, the lowest mean concentration occurred in 2013, which coincided with the 161 
maximum of the 24th solar cycle.  162 

Table 1. Annual 7Be activity concentrations in surface air of Valencia 163 
 164 
 165 
 166 
 167 
 168 
 169 
 170 
 171 
 172 
 173 

As can be seen in Table 2, the maximum 
7
Be concentration was observed during the spring-summer months and the 174 

minimum during the autumn-winter months.  175 

Table 2. Seasonal 7Be activity concentrations in surface air of Valencia 176 
 177 
 178 
 179 
 180 
 181 
 182 
 183 

The ANOVA test was applied to study the significance of the differences in 
7
Be concentrations between annual and 184 

seasonal factors. The p-values obtained are less than 0.05 for each factor (𝑝 − 𝑣𝑎𝑙𝑢𝑒 < 0.00001, 𝑝 − 𝑣𝑎𝑙𝑢𝑒 =185 

0.0005, for annual and seasonal factors respectively), which means the differences in 
7
Be activity concentrations 186 

are statistically significant at a 95% confidence level. Fig. 3 shows the arithmetic mean for each factor level and the 187 
Bonferroni intervals used to observe significant differences. Fig. 3 (a) shows the inter-annual variability and Fig. 3 188 
(b) shows the intra-annual variability of 

7
Be air concentrations, which were as expected.   189 

 190 
Fig. 3. Means and 95% Bonferroni CI for the effect of (a) annual and (b) seasonal factors in 7Be activity concentration 191 
3.2. Seasonal-trend decomposition into 

7
Be time series 192 

 193 
Following the method described in Section 2.4.2, the 

7
Be time series is decomposed into a sum of three 194 

independent components (trend-cycle, seasonal and irregular components): 195 
 196 

 
 Fig. a. Means and 95% Bonferroni CI
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 Fig. b. Means and 95% Bonferroni CI
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Year 
7
Be (mBq/m

3
) 

2007 4.10±1.01 

2008 4.80±1.10 

2009 5.53±1.48 

2010 5.21±1.00 

2011 4.75±1.07 

2012 4.96±1.40 

2013 4.06±0.97 

2014 4.13±0.82 

Season 
7
Be (mBq/m

3
) 

Winter 4.07±1.14 

Spring 4.88±0.85 

Summer 5.65±0.99 

Autumn 4.18±1.14 



 

 

𝐵𝑒𝑡
7 = 𝑇𝐶�̂� + 𝑆�̂� +  𝐼�̂�                (7) 197 

 198 

Fig. 4 shows the trend-cycle component, 𝑇�̂�𝑡, which explains the inter-annual variability of the 
7
Be air 199 

concentration as expected. Fig. 5 shows the seasonal component of the 
7
Be row data, 𝑆�̂� . Note that the behavior of 200 

the seasonal component is regular throughout these years, so that this component explains intra-annual 
7
Be 201 

variability. However, the 
7
Be data is not constant throughout the years, as there is an irregular component,  𝐼�̂� , (Fig. 202 

6), which explains the variability observed due to the residual effect that describes random and irregular influences.  203 
 204 

 205 
Fig. 4. Trend-cycle component obtained by time series decomposition over the period 2007-2014. 206 
 207 

 208 
Fig. 5. Seasonal component obtained by time series decomposition over the period 2007-2014. 209 
 210 

 211 
Fig. 6. Irregular component obtained by time series decomposition over the period 2007-2014. 212 
 213 

 

 

  

   



 

 

Multiple regression was used to quantify the actual relative importance of each component in 
7
Be variability, 214 

obtaining the standardized coefficients of each component (Saltelli et al., 2008). The results show that the trend-215 
cycle component explains 23.60%, the seasonal component 36.28% and the irregular component 40.12% of 

7
Be 216 

variability. The seasonal and irregular components have a strong influence on 
7
Be variability, which shows it is 217 

important to study its dependence on atmospheric parameters in order to find sources of variability that explain 
7
Be 218 

activity.  219 
 220 
 221 

3.3. Influence of solar activity and atmospheric parameters in 
7
Be row data, 𝑇𝐶�̂�, 𝑆�̂� and 𝐼�̂� components 222 

 223 
Pearson’s linear correlations between 

7
Be row data and the time series components with sunspot number and 224 

atmospheric parameters are given in Table 3.  225 
 226 

Table 3. Pearson’s correlations between trend-cycle, seasonal and irregular components and the solar activity and atmospheric factors. The 227 
p-values are reported in brackets. 228 

 Description SSN SR T PP W RH 

7
Be Row data 

-0.2140 

(0.0363)* 

0.5029 

(<0.00001)** 

0.5801 

(<0.00001)** 

-0.2484 

(0.0147)* 

-0.2947 

(0.0036)** 

0.4374 

(<0.00001)** 

𝑇𝐶�̂� Trend-Cycle component 
-0.5045 

(<0.00001)** 

-0.0223 

(0.8405) 

-0.0541 

(0.6253) 

0.1181 

(0.2847) 

-0.1688 

(0.1247) 

0.0514 

(0.6421) 

𝑆�̂� Seasonal component 
-0.0571 

(0.6061) 

0.6606 

(<0.00001)** 

0.9441 

(<0.00001)** 

-0.2334 

(0.0326)* 

-0.1700 

(0.1221) 

0.6027 

(<0.00001)** 

𝐼�̂� Irregular component 
-0.0437 

(0.6934) 

0.2298 

(0.0355)* 

0.0017 

(0.9874) 

-0.2724 

(0.0122)* 

-0.2254 

(0.0392)* 

 -0.0388 

(0.7261) 

* significant correlations at 95% confidence level 229 
** significant correlations at 99% confidence level 230 
 231 
The trend-cycle component (𝑇𝐶�̂�) has a strong negative correlation with the SSN parameter (𝑟 = −0.50) and a non-232 
significant correlation with the atmospheric variables. However, the correlation between 

7
Be row data and SSN is 233 

rather weak (𝑟 = −0.21, 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.036). This shows that the atmospheric variables may mask the solar 234 

influence. Recent studies have also reached the same conclusion (Dueñas et al., 2015). As the seasonal and 235 
irregular components are not correlated with the SSN parameter, the atmospheric variables may be the source of the 236 
variability of the seasonal and irregular components. 237 

From Figure 7 it is evident that the trend-cycle component and the sunspot number parameter are strongly and 238 
inversely correlated.  239 

 240 

 241 

 242 
 243 
 244 
 245 
 246 

 247 
 248 

 249 
 250 

 251 
 252 
 253 

Fig. 7. Temporal evolution of sunspot number and trend-cycle component over the period 2007-2014 254   



 

 

 255 
The seasonal component (𝑆�̂�) has a strong positive correlation with solar radiation, temperature and relative 256 
humidity. However, it has a weak negative correlation with precipitations and it is not correlated with wind. Neither 257 
are solar radiation, temperature and relative humidity correlated with the trend-cycle component, but they are 258 
weakly correlated with the irregular component.  259 

Figures 8, 9 and 10 show that solar radiation, temperature and relative humidity have a regular trend over the years 260 
similar to that of the seasonal component. In general, these atmospheric variables are higher in spring-summer than 261 
in autumn-winter periods.  262 

7
Be row data has also a positive correlation with solar radiation, temperature and relative humidity; however, this 263 

correlation is strengthened with the seasonal component. The correlation observed between the seasonal component 264 
and solar radiation is positive (𝑟 = 0.66), and is higher than the correlation observed with 

7
Be row data (𝑟 = 0.50). 265 

The seasonal component is strongly and positively correlated with the air temperature (𝑟 = 0.94). This correlation 266 

is much stronger than the correlation observed with 
7
Be row data (𝑟 = 0.58). Thus, the seasonal-trend 267 

decomposition reveals the strong influence of temperature on the seasonal variability of the 
7
Be air concentration.  268 

 269 

Fig 8. Temporal evolution of solar radiation and seasonal component over the period 2007-2014. 270 

 271 

Fig 9. Temporal evolution of temperature and seasonal component over the period 2007-2014. 272 

Many studies have observed a negative correlation between 
7
Be air concentration and relative humidity (Dueñas et 273 

al., 2009; Kotsopoulou and Ioannidou, 2012; Piñero-García and Ferro-García, 2012). However, in this study RH is 274 
positively correlated with the seasonal component (𝑟 = 0.60). This correlation is higher than the correlation 275 

  

  



 

 

observed with 
7
Be row data (𝑟 = 0.43) (Fig. 10). The positive relationship may be ascribed to the particular 276 

meteorological conditions in Valencia, which has characteristically high relative humidity, especially in summer. 277 
This would seem to indicate that there are contrary relations in term of different RH. With the same RH, the aerosol 278 
residence time can differ due to other meteorological conditions that would result in different removal of 

7
Be from 279 

surface air and influencing its contents in the air, which would thus be different to previous studies. 280 

 281 

Fig 10. Temporal evolution of relative humidity and seasonal component over the period 2007-2014. 282 

The irregular component (𝐼�̂�) is negatively correlated with precipitation (𝑟 = −0.27) and wind speed (𝑟 = −0.23) 283 
and these negative relationships are also observed with 

7
Be row data. Note that precipitations and wind speed are 284 

not correlated, or are weakly correlated, with the seasonal and trend-cycle components. Thus, precipitations and 285 
wind speed are influential factors on the irregular variability of 

7
Be air concentration.  286 

The correlation observed with the precipitations is supported by recent studies, which found a strong correlation 287 
between precipitations and 

7
Be deposition fluxes (Chen et al., 2016; Zhang et al., 2016). In constrast, many studies 288 

have found a non-significant correlation between 
7
Be row data and the total monthly precipitation per month 289 

(Azahra et al., 2004b; Ali et al., 2011; Pham et al., 2011; Kotsopoulou and Ioannidou, 2012).  290 

Other studies, e.g. Dueñas et al. (1999, 2009), Lozano et al. (2012), Kusmierczyk-Michulec et al. (2015), found little 291 
or no evidence of an inverse relationship between wind speed and 

7
Be concentration. However, in this study, the 292 

relationship found between wind speed, the 
7
Be row data and the irregular component is significant and negative.  293 

Figures 11 and 12 show the relationship between precipitations and wind speed, and the irregular component, 294 
indicating that this radionuclide is washed out of the air by rain and wind, which reduces 

7
Be residence time in the 295 

air.  296 

The irregular component has a non-significant or weak correlation with temperature, solar radiation and relative 297 
humidity, which are atmospheric factors with a regular pattern over the years and highly correlated with the 298 
seasonal component.  299 

 

 



 

 

 300 

Fig 11. Temporal evolution of wind speed factor and irregular component over the period 2007-2014. Note that the negative values of wind 301 
speed are represented to better identify the relationship.  302 

 303 

 304 

Fig 12. Temporal evolution of precipitation and irregular component over the period 2007-2014. Note that the negative values of 305 
precipitation are represented to better identify the relationship.  306 

 307 

 308 

 309 

 310 

4. Conclusions 311 

7
Be air concentrations were measured in Valencia, Spain, over the period 2007-2014. The mean values of monthly 312 

7
Be concentrations ranged from 2.65 to 8.11 mBq/m

3
, with an average of 4.69±1.20 mBq/m

3
. ANOVA analysis 313 

confirmed that the intra and inter-annual variability of the 
7
Be activity was as expected.  314 

The use of seasonal-trend decomposition has been shown to be a powerful method of describing the 
7
Be time series 315 

as a sum of independent components responsible for different patterns of 
7
Be variability.  316 

   

  

 



 

 

Solar activity is a cosmogenic factor with a high influence on the trend-cycle component of 
7
Be variability, which 317 

increases when solar activity is minimum. This inverse relationship is clearer after removing seasonal and irregular 318 
components of the 

7
Be time series, suggesting that atmospheric factors may mask the solar influence.  319 

Solar radiation, temperature and relative humidity are influential factors in seasonal 
7
Be variations.

 7
Be 320 

concentrations increase with higher solar radiation and air temperature. The seasonal-trend decomposition revealed 321 
the particularly strong influence of temperature on seasonal variability. Relative humidity is also positively 322 
correlated with 

7
Be concentrations. This result disagrees with previous studies, and may be due to the particular 323 

meteorological conditions in Valencia, with high relative humidity, especially in summer. 324 

A negative relationship was found between 
7
Be row data and precipitations and wind speed, even though many 325 

previous studies found little or no evidence of this relationship. Seasonal-trend decomposition allowed us to 326 
identify the negative relationship of these atmospheric factors with the irregular component. It can therefore be said 327 
that precipitations and wind speed are influential factors in the irregular variability of 

7
Be air concentration. 328 

These results thus show the advantages of using seasonal-trend decomposition to separate the different patterns of 329 
7
Be variability as a preliminary step in developing a predictive model based on time series analysis. 330 

5. Acknowledgements 

This study has been supported partially by the REM program of the Nuclear Safety Council of Spain. We are also 

grateful to the UPV’s weather station and the AEMET service for providing the atmospheric information used in 

this study.  

Bibliography 

Ali, N., Khan, E.U., Akhter, P., Rana, M.A., Rajput, M.U., Khattak, N.U., Malik, F., Hussain, S., 2011. Wet depositional fluxes of 210Pb and 
7Be bearing aerosols at two different altitude cities of North Pakistan. Atmopheric Environment, 45, 5699-5709.  

Azahra, M., González-Gómez, C., López-Peñalver, J.J., El Bardouni, T., Camacho-García A., Boukhal, H., El Moussaoui, F., Chakir, E., 

Erradi, L., Kamili, A., Sekaki, A., 2004a. The seasonal variations of 7Be and 210Pbconcentrations in air. Radiation Physics and Chemistry, 71, 

789-790. 

Azahra, M., López-Peñalver, J.J., Camacho-García, C., González-Gómez, C., El Bardouni T., Boukhal, H., 2004b. Atmospheric 

concentrations of 7Be and 210Pb in Granada, Spain. Journal of Radioanalytical and Nuclear Chemistry, 261, 401-405. 

Baeza, A., Del Río, L.M., Jiménez, A., Miró, C., Paniagua, J.M., Rufo, M., 1996. Analysis of the temporal evolution of atmospheric 7Be as a 

vector of the behavior of other radionuclides in the atmosphere. Journal of Radioanalytical and Nuclear Chemistry, 207, 331-344. 

Bruninx, E., 1961. High-energy nuclear reaction cross-sections. III Report CERN 64-17, Geneva, Switzerland.  

Cannizzaro, F., Greco, G., Raneli, M., Spitale, M.C., Tomarchio, E., 1995. Behaviour of 7Be air concentration observed during a period of 13 

years and comparison with Sun activity. Nuclear Geophysics, 9, 597-607. 

Cannizzaro, F., Greco, G., Raneli, M., Spitale, M.C., Tomarchio, E., 2003. Concentration measurements of 7Be at ground level air at 

Palermo, Italy—comparison with solar activity over a period of 21 years. Journal of Environmental Radioactivity, 72: 259-27. 

Chen, J., Luo, S., Huang Y., 2016. Scavenging and fractionation of particle-reactive radioisotopes 7Be, 210Pb and 210Po in the atmosphere. 

Geochimica et Cosmochimica Acta, 188, 208-223. 

Dueñas, C., Fernández, M.C., Cabello, M., Gordo, E., Liger, E., Cañete, S., Pérez, M., 2015. Study of the cosmogenic factors influence on 

temporal variation of 7Be air concentration during the 23rd solar cycle in Málaga. Journal of Radioanalytical and Nuclear Chemistry, 303, 

2151-2158.  

Dueñas, C., Fernández, M.C., Cañete S., Pérez, M., 2009. 7Be to 210Pb concentration ratio in ground level air in Málaga (36.7°N, 4.5°W). 

Atmospheric Research, 92, 49-57. 

Dueñas, C., Fernández, M.C., Liger, E., Carretero, J. 1999. Gross alpha, gross beta activities and 7Be concentrations in surface air: analysis 

of their variations and prediction model. Atmospheric Environment, 33, 3705-3715.  

Feely, H.W., Larsen, R.J., Sanderson, C.G., 1989. Factors that cause seasonal variations in Beryllium-7 concentrations in surface air. Journal 

of Environmental Radioactivity, 9, 223-249. 



 

 

Hötzl, H., Rosner, G., Winkler, R., 1991. Correlation of 7Be concentrations in surface air and precipitation with the solar cycle. 

Naturwissenschaften, 78, 215-217. 

Ioannidou, A., Papastefanou, C., 1994. Atmospheric Beryllium-7 concentrations and sun spots. Nuclear Geophysics, 8, 539-543. 

Kendall, S.M., 1976. Time-Series. Second Edition. London: Charles Griffin & Co. Ltd.  

Kotsopoulou, E., Ioannidou A., 2012. 7Be atmospheric concentration at mid latitudes (40°N) during a year of solar minimum. In Proceedings 

EPJ Web of Conferences. Vol 24. http://dx.doi.org/10.1051/epjconf/20122405005.  

Kusmierczyk-Michulec, J., Gheddou, A., Nikkinen, M., 2015. Influence of precipitation on 7Be concentrations in air as measured by CTBTO 

global monitoring system. Journal of Environmental Radioactivity, 144, 140-151. 

Lal, D., Malhotra, P.K., Peters, B., 1958. On the production of radioisotopes in the atmosphere by cosmic radiation and their application to 

meteorology. Journal of Atmospheric and Solar-Terrestrial Physics, 12, 306-328. 

Lozano, R.L., Hernández-Ceballos, M.A., San Miguel, E.G., Adame, J.A., Bolívar, J.P., 2012. Meteorological factors influencing the 7Be  

and 210Pb concentrations in surface air from the southwestern Iberian Peninsula. Atmospheric Environment, 63, 168-178. 

O’Brien, K., 1979. Secular variations in the production of cosmogenic isotopes in the earth’s atmosphere. Journal of Geophysical Research, 

84, 423-431. 

Papastefanou,C., Ioannidou, A., 2004. Beryllium-7 and solar activity. Applied Radiation and Isotopes 61, 1493-1495. 

Pham, K. Betti, M., Nies H., Povinec, P., 2011. Temporal changes of 7Be, 137Cs and 210Pb activity concentrations in surface air at Monaco 

and their correlation with meteorological parameters. Journal of Environmental Radioactivity, 102, 1045-1054. 

Piñero-García, F., Ferro-García, M.A., 2013. Evolution and solar modulation of 7Be during the solar cycle 23. Journal of Radioanalytical and 

Nuclear Chemistry, 296, 1193–1204. 

Piñero-García, F., Ferro-García, M.A., Droźdźak, J., Ruiz-Samblás, C., 2012. Exploratory data analysis in the study of 7Be present in 

atmospheric aerosols. Environmental Science and Pollution Research, 19, 3317-3326. 

Saltelli, A., Ratto, M., Andres, T., Campolongo, F., Cariboni, J., Gatelli, D., Saisana, M., Tarantola, S., 2008. Global Sensitivity Analysis. 

The Premier. New York: John Wiley and Sons Ltd. 

SILSO, 2015. World Data Center - Sunspot Number and Long-term Solar Observations, Royal Observatory of Belgium, on-line Sunspot 

Number catalogue: http://www.sidc.be/SILSO/.  

Vogt, S., Herzog, G.F., Reedy, R.C., 1990. Cosmogenic nuclides in extraterrestrial materials. Reviews of Geophysics, 28, 253-275. 

Zhang, L., Yang, W., Chen, M., Wang, Z., Lin, P., Fang, Z., Qiu, Y., Zheng M. 2016. Atmospheric deposition of 7Be in the southeast of 

China: A case study in Xiamen. Aerosol and Air Quality Research, 16, 105-113. 
 

http://dx.doi.org/10.1051/epjconf/20122405005
http://www.sidc.be/SILSO/

