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Abstract 13 

The relationship between the number of daily earthquakes (M≥ 5) in the world and 14 

the daily Be-7 concentrations in the surface air at each of 69 stations in the world from 15 

September 9, 2001, to December 31, 2017, was statistically analyzed. Aftershocks were 16 

not included in the analysis. The number of certified radionuclide stations increased 17 

from 5 in 2001 up to 69 in 2017.  18 

(1) The median of the numbers (𝑛) of daily earthquakes (M≥5) in the world during the 19 

period was 3. Therefore, the observation days of the Be-7 concentrations of each station 20 

were classified by 𝑛 ≥ 4  or 𝑛 ≤ 3. The number of stations where the median of the 21 

Be-7 concentrations of each station on days of 𝑛 ≥ 4 was greater was 43, and the 22 

number of stations where the median of the Be-7 concentrations of each station on days 23 

of 𝑛 ≥ 4 were smaller than or equal to that on days of 𝑛 ≤ 3 was 26. In more stations 24 

(significantly (𝑝 = 0.0147) by the binomial test), the median of the Be-7 25 

concentrations of each station on days of 𝑛 ≥ 4 was greater than that on the days of 26 

𝑛 ≤ 3. In 14 years of total 17 years, in more stations, the median of the Be-7 27 
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concentrations of each station on days of 𝑛 ≥ 4 were greater than that on the days of 28 

𝑛 ≤ 3.  29 

(2) For r = 1 ~ 12 and 15, the observation days were classified into two types, 𝑛 ≥30 

𝑟 and days of 𝑛 ≤ 𝑟 −1. For 11 classifications of total 13 classifications, the median of 31 

the Be-7 concentrations of each station on days of 𝑛 ≥ 𝑟 was greater than that on days 32 

of 𝑛 ≤ 𝑟 − 1 in more stations. For each of 7 classifications, it was significant (𝑝 <33 

0.05) by the binomial test.  34 

(3) For each station, the inclination of the regression line of the daily Be-7 35 

concentrations with respect to the numbers of daily earthquakes(M≥5) in the world was 36 

calculated. In more stations (almost significantly (p=0.074) by the binomial test), each  37 

inclination was positive.  38 

The Be-7 concentrations in the surface air in the world, as a whole, may increase on 39 

days when the daily number of earthquakes(M≥5) in the world increase. 40 

 41 
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1. Introduction 54 

It was previously reported that the Be-7 concentrations in the surface air at 55 

Takasaki statistically significantly decreased on days of earthquake (a day when one or 56 

more earthquakes of M5 or greater occurred in Japan and its vicinity) during the period 57 

from August 25, 2003 to December 28, 2008 (net 3.3 years). Earthquakes which were 58 

deemed aftershocks were not included. The Be-7 concentrations decreased on days of 59 

earthquakes both precipitation and non-precipitation, respectively (Ichihashi (2011)).  60 

Morozova et al. (2000) reported that variations of cosmic rays are one of the possible 61 

causes of air pressure variations and one of the possible earthquake precursors by 62 

studying variations of the air pressure, cosmic ray fluxes, sun spot numbers, and 63 

interplanetary magnetic field (IMF) in connection with large earthquakes (M≥ 7.0) 64 

occurring from 1961-1996 in the world.  65 

Beryllium-7 (half-life 53.29d) is one of the radionuclides produced by spallation of 66 

cosmic rays with light atmospheric nuclides, such as carbon, nitrogen and oxygen. It is 67 

mainly produced by interaction between cosmic-ray produced secondary neutrons and 68 
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nitrogen or oxygen. About 70% of Be-7 is produced in the stratosphere and about 30% 69 

is produced in the troposphere. Beryllium-7 rapidly associates with submicron-sized 70 

aerosol particle. A residence time is estimated about a year in the stratosphere and about 71 

six weeks in the troposphere. Most of the Be-7 that are produced in the stratosphere 72 

don’t reach the troposphere except during spring when seasonal thinning of the 73 

tropopause take place at midlatitudes, resulting in air exchange between stratosphere 74 

and troposphere. Gravitational settling and precipitation processes largely accomplish 75 

transfer to the earth’s surface. A large part of surface Be-7 are of tropospheric origin 76 

(Sugihara et al. (2000); Yoshimori (2005)). It was reported previously that the long-77 

term variation of the Be-7 concentrations in the surface air corresponds to the variation 78 

of cosmic ray intensity. When the sun spot numbers increase and the IMF becomes 79 

large, galactic cosmic rays become less and the Be-7 concentrations decrease (Ishikawa 80 

et al. (2005)). It was also reported previously that the daily variation of Be-7 81 

concentrations is large and is related to local meteorological conditions (in particular, 82 

rainfalls) and pressure patterns (Abe (1995)).  83 
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 In this study, the relationship between the number of daily earthquakes (M≥ 5) in 84 

the world and the daily Be-7 concentrations in the surface air at each of 69 stations of 85 

CTBTO in the world from September 9, 2001, to December 31, 2017, was statistically 86 

analyzed. Aftershocks were not included in the analysis. The number of stations was 5 87 

in 2001 and totally 69 during the period. During the period, the numbers (𝑛) of daily 88 

earthquakes(M≥5) in the world were from 0 to 12, and 15.  89 

(1) The median of the numbers (𝑛) of daily earthquakes (M≥5) in the world during the 90 

period was 3. Therefore, the observation days of the Be-7 concentrations of each station 91 

were classified by 𝑛 ≥ 4  or 𝑛 ≤ 3.  92 

Next, each station was classified according to whether the median of the Be-7 93 

concentration of the station on days of 𝑛 ≥ 4 was greater than that on days of 𝑛 ≤94 

3. The binomial test was performed on which type of station is more in the world. The 95 

analysis was performed for the total period, and for each year from 2001 to 2017. 96 

(2) Next, for r = 1 ~ 12 and 15, the observation days of each station are classified into 97 

two types, 𝑛 ≥ 𝑟 and days of 𝑛 ≤ 𝑟 −1. All the stations were classified into 13 98 
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different two types from the classification of days of 𝑛 ≥ 1 and 𝑛 ≤ 0 to the 99 

classification of days of 𝑛 ≥ 15 and 𝑛 ≤ 14. The binomial test was performed on 100 

which type of station is more in the world for each two types.  101 

 (3) For each station, the inclination of the regression line of the daily Be-7 102 

concentrations with respect to the numbers (𝑛) of daily earthquakes(M≥5) in the world 103 

was calculated. The binomial test was performed on which was more in the world, the 104 

stations with positive inclinations or the stations with negative inclinations. 105 

 106 

2. Data   107 

2.1 Earthquakes in the world 108 

The catalog of the earthquakes in the world was obtained at the Web site of the 109 

USGS. The earthquakes of M5 or greater in the world were analyzed. Days are in UTC. 110 

The periods longer than the periods when the probabilities that any aftershock of M5 or 111 

greater occur are more than or equal to 0.01/day were used as the lengths of aftershock 112 
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periods. The probabilities were calculated by the method in Utsu (1999). The 113 

coefficients for earthquakes of 5 ≤ 𝑀 < 6 obtained in Hosono and Yoshida (1992) and 114 

the coefficients for earthquakes M ≥ 6 obtained in in Matsu’ura (1993) were used. 115 

Those coefficients were obtained from aftershocks in Japan and its vicinity. It was 116 

assumed that these coefficients are applicable to aftershocks in the world. Concretely, it 117 

was assumed that the lengths of aftershocks were 10 days for 5 ≤ 𝑀 < 5.8; 30 days 118 

for 𝑀5.9 ≤ 𝑀 < 6.4; 90 days for 6.5 ≤ 𝑀 < 7.1; 130 days for 𝑀7.2 and 𝑀7.3; 200 119 

days for 𝑀7.4 and 𝑀7.5; 250 days for M7.6 and M7.7; 300 days for 𝑀7.8; 360 days 120 

for 𝑀7.9; 460 days for 𝑀8.0; 570 days for 𝑀8.1; 700 days for 𝑀8.2; 870 days for 121 

𝑀8.3; 1070 days for 𝑀8.4; 1300 days for M8.5;1600 days for M8.6 ; 2400 days for 122 

𝑀8.8; 4600 days for 𝑀9.1. It was assumed that earthquakes of 𝑀 ≥ 5 which occurred 123 

within the aftershock periods in the following areas are aftershocks: in the area of 1° in 124 

latitude and 1/cos (𝜃)° (𝜃 : latitude of epicenter) in longitude from epicenters for the 125 

mainshocks of M<8; in the area of 2° in latitude and 2/cos (𝜃)° in longitude from 126 

epicenters for the mainshocks of 8≤M≤8.5; in the area of 3° in latitude and 127 

3/cos (𝜃)° in longitude from epicenters for the mainshocks of 8.6≤M≤8.8; in the area of 128 
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4° in latitude and 4/cos (𝜃)°  in longitude from epicenters for the mainshocks of 8.9≤129 

M≤9.1. Earthquakes which were deemed aftershocks were not included in the analysis. 130 

Earthquakes which were deemed aftershocks of earthquakes which occurred before 131 

September 9, 2001, were not included in the analysis, either. 132 

2.2 The Be-7 concentrations in the surface air at each station in the world 133 

The data of the Be-7 concentrations in the surface air of all the 69 radionuclide 134 

monitoring stations in the world during the period from September 9, 2001, to 135 

December 31, 2017, were provided by the CTBTO. The number of certified 136 

radionuclide stations increased from 5 in 2001 up to 69 in 2017. The names and 137 

locations (latitudes and longitudes) of the stations are shown in Table 2. The days are in 138 

UTC. The location map of the radionuclide monitoring stations is shown in Figure 1. 139 

The Be-7 concentrations at each station were obtained by the analysis of the 140 

radionuclides in the filter which was removed once a day from an air sampler. The data 141 

of each day shows the Be-7 concentrations for the about 24 hours before the removal of 142 
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the filter. The UTC’s of removal of filters are not necessarily the same among the 143 

stations. 144 

 145 

3. Results 146 

3.1 Number of daily earthquakes (M≥ 𝟓) in the world and the median of the  147 

of the Be-7 concentrations in the surface air at each station  148 

(1) Table 1 shows the distribution of the numbers (𝑛) of daily earthquakes(M≥5) in the 149 

world during the period from September 9, 2001, to December 31, 2017. The median of 150 

the numbers (𝑛) of daily earthquakes (M≥5) in the world during the period was 3. 151 

Therefore, the observation days of Be-7 concentration at each station were classified 152 

according to the number  (𝑛) of daily earthquakes (M ≥ 5) in the world, 𝑛 ≥ 4  or 153 

𝑛 ≤ 3. The observation lengths are not necessarily the same among the stations because 154 

the dates when stations started observation are not necessarily the same.  155 
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Secondly, each station was classified according to whether the median of the Be-7 156 

concentration of the station on days of 𝑛 ≥ 4 was greater than the median of the Be-7 157 

concentration of the station on days of 𝑛 ≤ 3. 158 

(2) The medians of the Be-7 concentrations of each station on days of 𝑛 ≥ 4 and on 159 

days of 𝑛 ≤ 3  are shown in Table 2. The number of stations where the median of the 160 

Be-7 concentrations of each station on days of 𝑛 ≥ 4 was greater than the median of 161 

the Be-7 concentrations of each station on days of 𝑛 ≤ 3 was 43. The number of 162 

stations where the median of the Be-7 concentrations of each station on days of 𝑛 ≥ 4 163 

was smaller than or equal to the median of the Be-7 concentrations of each station on 164 

days of 𝑛 ≤ 3 was 26. It was significant (𝑝 = 0.0147) by the binomial test that there 165 

were more stations where the median of the Be-7 concentrations of each station on days 166 

of 𝑛 ≥ 4 was greater than that on days of 𝑛 ≤ 3.  167 

In Figure 1, the mark “〇” shows the location of the station where the median of the Be-7 168 

concentration of each station on days of 𝑛 ≥ 4 was greater than the median of the Be-7 169 

concentration of each station on days of 𝑛 ≤ 3. The mark “△” shows the location of the 170 
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station where the median of the Be-7 concentrations of each station on days of 𝑛 ≥ 4 171 

was smaller than or equal to the median of the Be-7 concentrations of each station on 172 

days of 𝑛 ≤ 3. 173 

In Table 3, a “station (Be-7Median >)” denotes a station where the median of the 174 

Be-7 concentrations of each station on days of 𝑛 ≥ 4 was greater than the median of 175 

the Be-7 concentrations of each station on days of days of 𝑛 ≤ 3.  “A station (Be-176 

7Median≤) denotes a station where the median of the Be-7 concentrations of each 177 

station on days of 𝑛 ≥ 4 was smaller than or equal to the median of the Be-7 178 

concentrations of each station on days on days of 𝑛 ≤ 3. The numbers of stations (Be-179 

7Median>) and the numbers of stations (Be-7Median≤) for the classification of days of 180 

𝑛 ≥ 4 and days of  𝑛 ≤ 3 in each year are shown in Table 3. In 14 years out of 17 years 181 

in total, there were more stations (Be-7Median>) than stations (Be-7Median≤). It is 182 

statistically significant (𝑝 = 0.0012)  by the binomial test that there were more years 183 

when there were more stations(Be-7Median>）than stations (Be-7Median≤) for the 184 

classification of days of 𝑛 ≥ 4 and days of  𝑛 ≤ 3.  185 
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(3) In the same way, for r = 1 ~ 12 and 15, the observation days of each station are 186 

classified into two types, 𝑛 ≥ 𝑟 and days of 𝑛 ≤ 𝑟 −1. Here, a “station(Be-187 

7Median>) ” denotes a station where the median of the Be-7 concentrations of each 188 

station on days of 𝑛 ≥ 𝑟 is greater than the median of the Be-7 concentrations of each 189 

station on days of 𝑛 ≤ 𝑟 − 1.   A “station(Be-7Median≤)” denotes a station where the 190 

median of the Be-7 concentrations of each station on days of 𝑛 ≥ 𝑟 is smaller than or 191 

equal to the median of the concentrations of each station on days of 𝑛 ≤ 𝑟 − 1.  192 

Table 4 shows the number of stations(Be-7Median>）and the number of stations (Be-193 

7Median≤) in the world for all the 13 classifications from the ‘classification of 194 

days of 𝑛 ≥ 1and days of 𝑛 = 0’ to the ‘classification of days of  𝑛 ≥195 

15 and days of 𝑛 ≤ 14.’ (The numbers of stations for the ‘classification of days of 𝑛 ≥196 

13 and days of 𝑛 ≤ 12’ and the ‘classification of days of 𝑛 ≥ 14 and days of 𝑛 ≤197 

13’ are not shown because there was no day of 𝑛 = 13 and 𝑛 = 14. ) The result 198 

shows that, in each of the 11 categories out of the 13 categories, stations (Be-7Median>) 199 

were more than stations (Be-7Median≤). Furthermore, in 7 of these 11 categories, the 200 
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number of stations (Be-7Median≥) was larger than that of stations (Be-7Median≤), 201 

which was statistically significant (p <0.05) in the binomial test. The 7 classifications 202 

are as follows: ‘classification of days of  𝑛 ≥ 3 and days of 𝑛 ≤ 2’ ,   ‘classification 203 

of days of  𝑛 ≥ 4 and days of 𝑛 ≤ 3’, ‘classification of days of  𝑛 ≥204 

7 and days of 𝑛 ≤ 6’, ‘classification of days of 𝑛 ≥ 8 and days of 𝑛 ≤ 7’, 205 

  ‘classification of days of  𝑛 ≥ 9 and days of 𝑛 ≤ 8’, ‘classification of days of  𝑛 ≥206 

10 and days of 𝑛 ≤ 9’, and ‘classification of days of  𝑛 ≥ 12 and days of 𝑛 ≤ 11’. 207 

These results suggest that the Be-7 concentrations increase at more stations on days 208 

when the number of M ≥ 5 earthquakes in the world increases. 209 

3.2 Regression analysis between numbers of daily earthquakes (M≥ 𝟓) in the 210 

world and the daily Be-7 concentrations at each station 211 

  In order to analyze how the Be-7 concentration of each station in the world 212 

changed on days when the number of earthquakes in the world (M≥ 5) increased, 213 

regression analysis was performed between the number of daily earthquakes (M≥214 

5) and the daily Be-7 concentration at each station. Table 5 shows the inclination of 215 
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regression line of the Be-7 concentrations at each station of all 69 the stations with 216 

respect to the numbers (𝑛) of daily earthquakes (M≥ 5) in the world. The inclinations 217 

of 40 stations are positive and the inclinations of 29 stations are negative. There was no 218 

station where the inclination is 0. It is almost statistically significant (𝑝 = 0.0740) by 219 

the binomial test that there were more stations where the inclinations were positive. For 220 

the stations where the observation days were ≥ 20 days, the inclinations of 40 stations 221 

are positive and the inclinations of 27 stations are negative. There was no station where 222 

the inclination is 0. For the stations where the observation days were ≥ 20 days, it is 223 

significant (𝑝 = 0.0432) by the binomial test that there were more stations where the 224 

inclinations were positive. These regression analyses also suggest that the Be-7 225 

concentrations increase at more stations in the world on days when the number of 226 

earthquakes(M≥5) in the world increase.  227 

 228 

4 Discussion 229 
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(1) The above results suggest that the Be-7 concentrations increase at more stations in 230 

the world on days when the number of earthquakes(M≥5) in the world increase. 231 

However, it is necessary to recognize that there were also the stations where the Be-7 232 

concentrations decreased on days when the number of earthquakes(M≥5) in the world 233 

increased. It is speculated that, because of the global atmospheric flow, the B-7 234 

concentration increased at some points in the world and decreased at some points  235 

on days when the number of earthquakes(M≥5) in the world increased. However, it 236 

seems reasonable to hypothesize that the Be-7 concentrations in the world as a whole 237 

increased on days when the number of earthquakes(M≥5) in the world increased.    238 

There are some factors which influence the Be-7 concentrations at stations in the 239 

world. They are such as: (a) The Be-7 concentrations in the surface air increase when 240 

the cosmic rays increase. (b) The Be-7 concentrations in the surface air vary when the 241 

atmospheric flow varies. (c) The cosmic rays decrease when the sunspots increase.  242 

When we consider the mechanism by which the Be-7 concentrations in the world as a 243 

whole increase on days when the number of earthquakes(M≥5) in the world increase, it 244 
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may be useful to note that there is difference between the northern hemisphere and the 245 

southern hemisphere. As an example, for the ‘classification of days of  𝑛 ≥246 

4 and days of 𝑛 ≤ 3’, there were 22 stations (Be-7Median>) and 20 stations (Be-247 

7Median≤) in the northern hemisphere, and there were 21 stations(Be-7Median>）and 6 248 

stations (Be-7Median≤) in the southern hemisphere. It is significant (p=0.00336) by the 249 

𝜒2 test that there were relatively more stations(Be-7Median>）than stations (Be-250 

7Median≤) in the southern hemisphere than in the northern hemisphere, for the 251 

‘classification of days of  𝑛 ≥ 4 and days of 𝑛 ≤ 3’ 252 

   It seems necessary to continue to obtain the long-term data and to consider the 253 

physical mechanism of the possible relationship between the number of daily 254 

earthquakes in the world and the daily Be-7 concentration in the surface air in the world. 255 

 256 

5. Conclusion 257 
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The relationship between the number of daily earthquakes of M≥ 5 in the world and 258 

the daily Be-7 concentrations in the surface air at each of the 69 stations for the CTBTO 259 

International Monitoring System in the world during the period from September 9, 260 

2001, to December 31, 2017, were statistically analyzed. The median of the numbers (𝑛) 261 

of daily earthquakes (M≥5) in the world during the period was 3. Therefore, the 262 

observation days of the Be-7 concentrations of each station were classified by whether 263 

𝑛 on the observation days were ≥ 4  or ≤ 3. Next, each station was classified 264 

according to whether the median of the Be-7 concentration of the station on days of 265 

𝑛 ≥ 4 was greater than the median of the Be-7 concentration of the station on days of 266 

𝑛 ≤ 3. The number of stations where the median of the Be-7 concentrations of each 267 

station on days of 𝑛 ≥ 4 was greater than the median of the Be-7 concentrations of 268 

each station on days of 𝑛 ≤ 3 was 43. The number of stations where the median of the 269 

Be-7 concentrations of each station on days of 𝑛 ≥ 4 was smaller than or equal to the 270 

median of the Be-7 concentrations of each station on days of 𝑛 ≤ 3 was 26. It was 271 

significant (𝑝 = 0.0147) by the binomial test that there were more stations where the 272 
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median of the Be-7 concentrations of each station on days of 𝑛 ≥ 4 were greater than 273 

that on days of 𝑛 ≤ 3.  274 

In 14 years out of 17 years in total, there were more stations where the median of the 275 

Be-7 concentrations of each station on days of 𝑛 ≥ 4 was greater than that of each 276 

station on days of 𝑛 ≤ 3. It is statistically significant (𝑝 = 0.0012)  by the binomial 277 

test that there were more years when there were more stations where the median of the 278 

Be-7 concentrations of each station on days of 𝑛 ≥ 4 was greater for the classification 279 

of days of 𝑛 ≥ 4 and days of 𝑛 ≤ 3.  280 

In the same way, for r = 1 ~ 12 and 15, the observation days of each station are 281 

classified into two types, 𝑛 ≥ 𝑟 and days of 𝑛 ≤ 𝑟 −1.  In each of the 11 categories 282 

out of the 13 categories, there were more stations where the median of the Be-7 283 

concentrations of each station on days of 𝑛 ≥ 𝑟 was greater than that of each station on 284 

days of 𝑛 ≥ 𝑟 − 1. Furthermore, in 7 of these 11 categories, it was statistically 285 

significant (p <0.05) by the binomial test.   286 
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 For each station, the inclination of the regression line of the daily Be-7 concentrations 287 

with respect to the numbers (𝑛) of daily earthquakes(M≥5) in the world was calculated. 288 

There were 40 stations with a positive inclination, and 29 stations with a negative 289 

inclination. It was almost significant (p=0.074) by the binomial test that there were 290 

more stations with a positive inclination. It was significant (p=0.043) by the binomial 291 

test for the 67 stations where the observation days were ≥ 20 day.  292 

These results suggest that the Be-7 concentrations increase at more stations in the 293 

world on days when the number of earthquakes(M≥5) in the world increase. The Be-7 294 

concentrations in the surface air in the world, as a whole, may increase on days when 295 

the daily number of earthquakes(M≥5) in the world increase. 296 

 297 

 298 
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 388 

Figure legends 389 

Figure 1. The map of stations in the world for during the period from September 9, 390 

2001, to December 31, 2017. 391 

  392 

Table legends 393 

Table 1. The distribution of the numbers (𝑛) of daily earthquakes(M≥5) in the world 394 

during the period from September 9, 2001, to December 31, 2017. 395 

Table 2. The medians of the Be-7 concentrations in the surface air at each station 396 

respectively on days of earthquakes(n≥4) and on days of earthquakes (n≤3) during 397 

the period from September 9, 2001, to December 31, 2017 (UTC). 398 
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Table 3 The numbers of stations(Be-7Median>) and the number of stations (Be-399 

7Median≤) in the world for ‘classification of days of n≥ 4 and days of n ≤ 3’ in 400 

each year during the period from September 9, 2001, to December 31, 2017. 401 

Table 4.  The number of stations(Be-7Median>） and the number of stations(Be-402 

7Median≤） in the world for all the classifications from ‘classification of 403 

days of n ≥ 1 and days of n = 0’ to ‘classification of days of n =404 

15 and days of n ≤ 14’ during the period from September 9, 2001, to December 405 

31, 2017. 406 

Table 5. Regression coefficients of the regression line of the Be-7 concentrations in the 407 

surface air at each station with respect to n during the period from September 408 

9,2001, to December 31,2017. Days are in UTC. ( 𝑦 = 𝑎𝑥 + 𝑏.  𝑎：inclination of 409 

Be-7 with respect to n. 𝑥 = 𝑛) 410 

 411 



Figures

Figure 1

The map of stations in the world during the period from September 9, 2001, to December 31, 2017.
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