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Abstract. This analysis presents linear correlations of beryllium-7 specific activity in surface air with several
variables measured in Helsinki, Finland, over 1987-2011. Measurements of beryllium-y are linearly correlated with
the following 10 variables: tropopause height; mean, minimum and maximum temperature; precipitation;
atmospheric pressure; potential vorticity at 300 hPa and 200 hPa; solar zenith angle; and the number of sunspots. A
time lag is also introduced into the calculations of Pearson’s linear correlation coefficients, i.e. the beryllium-7 specific
activity measured on a day is correlated with a value of a given variable measured on some preceding day. In
particular, the time lag is allowed to vary between o and 7 days for tropopause height, meteorological parameters
and potential vorticity, and between o and 31 days for solar zenith angle and number of sunspots. In this way, we
obtain sets of correlation coefficients for each pair of the analysed variables, in which we look for the maximum
correlation coefficient as well as for the time lag on which this value is reached. In addition to investigating all of the
available measurements, the time series are further split into seasonal subsets. Weak to moderate maximum
correlation coefficients, ranging between 0.29 and 0.44, are found for the beryllium-7 specific activity with the
tropopause height, temperatures and atmospheric pressure. These correlations are reached with a time lag of 0—2
days. Seasonal correlation coefficients show that the strongest linear relationships are obtained in summer.
Similarly, a moderate correlation (0.48) with the solar zenith angle is reached with a time lag of o days, but the
seasonal correlation coefficients in this case show a weaker relationship during different seasons. On the other hand,
our analysis suggests that the correlations of beryllium-7 with precipitation, potential vorticity and the number of

sunspots are not statistically significant.
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1. INTRODUCTION

Beryllium-7 (half-life 53.22 days) is a naturally
occurring radionuclide that is produced in the upper
troposphere and lower stratosphere [1]. After
production, 7Be attaches to fine aerosols [2]-[4], and its
ensuing behaviour in the atmosphere is governed by air
mass transport and removal mechanisms [5], [6].
Therefore, 7Be reaching the surface could be an
indicator of a number of atmospheric processes, and
indeed, the 7Be specific activity in surface air has been
studied in relation to meteorological variables [7]-[11],
solar activity [5], [9], [12], [13], large-scale atmospheric
transport [6], [14]-[16], and tropopause height [11],
[17].

In Europe, the 7Be measurements have been
conducted with a relatively sparse temporal and spatial
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resolution [18], [19]. A notable exception is a 7Be
database compiled in Helsinki, Finland. This database
contains measurements of the 7Be specific activity in
surface air between 1987 and 2011, with a total number
of measurements larger than 4000. This dataset is
stored by the online Radioactivity Environmental
Monitoring (REM) Database. More information on the
REM Database can be found on its website:
http://rem.jrc.ec.europa.eu/.

In this paper, the 7Be specific activity measured in
Helsinki was linearly correlated with the following ten
variables: tropopause height; mean, minimum and
maximum temperature; precipitation; atmospheric
pressure; potential vorticity at 300 hPa and 200 hPa;
solar zenith angle; and number of sunspots. As already
mentioned, the 7Be specific activity in surface air has
been previously studied in relation to some of the
chosen variables, but the investigated sets of variables




encompassed shorter time periods and contained fewer
data points. In that respect, the linear correlations
studied in this paper represent novel results. Further,
the two additional variables, potential vorticity and
solar zenith angle, that were included in the analysis,
could offer a broader insight into the overall
mechanisms that influence the 7Be surface
concentration.

2. MATERIALS AND METHODS

2.1.7Be database

Measurements of the 7Be specific activity in surface
air in Helsinki (60.21 °N, 25.06 °E), Finland,
performed between 1987 and 2011, are stored in the
Radioactivity Environmental Monitoring Database
(REMdb) supported by the REM group of the Institute
of Transuranium Elements of the DG JRC. The REMdb
gives a wider collection of different radionuclides’
measurements in a number of environmental sample
types, wherein the 7Be specific activities in surface air
in 34 locations across Europe are also included. More
details on the REMdb and 7Be specific activity
measurements are given in [20], [21]. The 7Be database
stored in the REMdb is public until 2006, and the
access to the data corresponding to the 2007-2011
period can be granted only after explicit request.

In the Helsinki 7Be dataset, two subsets can be
distinguished: until 1999, the sampling was performed
once a week, while in the subsequent years, the
sampling frequency increased to every day or once in
two days. The Helsinki database now comprises more
than 4000 measurements.

2.2. Meteorological variables

Tropopause height was calculated according to the
procedure given in [17]. The input data for the
calculations were taken from the NCEP/NCAR
reanalysis [22]. The calculations consisted of two steps.
First, an extrapolation of isobaric heights above and
below the tropopause to the tropopause pressure was
performed using the hydrostatic approximation.
Second, the average value of the two extrapolated
values was taken as the height of the tropopause. Daily
values of tropopause height were thus obtained for
each day over the investigated period 1987—2011.

Meteorological variables, consisting of the mean,
minimum and maximum temperature, atmospheric
pressure, and precipitation, were obtained from the
European Climate Assessment & Dataset (ECA&D)
[23]. These series consisted of daily data.

Potential vorticity (PV) is a product of absolute
vorticity on a given level and static stability. High PV
values can indicate a lowering of the tropopause and an
intrusion of stratospheric air into the troposphere.
Cross-sections of the atmosphere show that PV values
of around 2 PVU (1 PVU = 10° m2 st K kg) are typical
for the extratropical tropopause [24]. Daily values of
potential vorticity at two pressure levels, 300 hPa and
200 hPa, were used in our study.

The solar zenith angle is defined as the angle
between the zenith and the sun position. Path length
that the solar beam travels through the atmosphere to
the surface is approximately inversely proportional to
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the cosine of the zenith angle, and direct solar
irradiance on a horizontal surface is proportional to the
cosine of the angle [25].

The daily sunspot data were obtained from the
SIDC-team (World Data Center for the Sunspot Index,
Royal Observatory of Belgium, Monthly Report on the
International Sunspot Number, online catalogue of the
sunspot index: http://www.sidc.be/sunspot-

data/1987-2011).

2.3. Methodology

Linear relation between the 7Be specific activity and
other variables was investigated using Pearson’s linear
correlation coefficients. Statistical significance of the
coefficients was also calculated (Student t-test,
significance level p=0.05), and only statistically
significant coefficients are presented.

First, the whole set of the available 7Be
measurements were used to calculate the correlation
coefficients with other variables. To investigate the
seasonal relations, the time series were further split
into the autumn (September-November), winter
(December-February), spring (March-May), and
summer (June-August) subsets.

A time lag was also introduced into the calculations
of Pearson’s linear correlation coefficients—the 7Be
specific activity measured on a given day was
correlated with a value of a matching variable
measured on some preceding day. In particular, the
time lag was allowed to vary between 0 and 7 days for
the tropopause height, meteorological parameters and
potential vorticity, and between o and 31 days for the
solar zenith angle and number of sunspots. In this way,
sets of correlation coefficients for each pair of analysed
variables were obtained. Within these sets, we looked
for the maximum correlation coefficient as well as for
the time lag on which this value was reached. The
number of days corresponding to the maximum
correlation coefficient indicates the time needed for
changes in the atmospheric conditions to be registered
in the 7Be concentration measured in surface air.

3. RESULTS AND DISCUSSION

Fig. 1 shows the monthly means (over 1987-2011) of
the 7Be specific activity in surface air, tropopause
height, maximum daily temperature, precipitation,
atmospheric pressure, potential vorticity at 200 hPa,
solar zenith angle and number of sunspots. Tab. 1 lists
the calculated Pearson’s linear correlation coefficients.

Apart from the 7Be specific activity, the tropopause
height, maximum temperature, PV at 200 hPa, and
solar zenith angle also showed notable annual cycles
with maxima during the warmer half of the year (Fig.
1). However, none of these maxima coincided with the
7Be maximum, which occurred early during the warm
season (in May). It was followed by the PV at 200 hPa
and solar zenith angle maxima in June, while the
maximum daily temperature and tropopause height
reached their maxima in July and September,
respectively.

The calculated linear correlation coefficient (Tab. 1)

showed that the similarities in the annual cycles are not
necessarily the evidence of a linear relationship



between the variables. For example, for the total set of
measurements (Tab. 1), weak, but statistically
significant, correlations for the 7Be specific activity
with the tropopause height, temperatures and solar
zenith angle were obtained. Statistically significant
linear correlation was also obtained for atmospheric
pressure which did not exhibit a similar annual cycle
(Fig. 1). On the other hand, despite the similarities in
the annual cycles of the 7Be surface concentration and
PV at 200 hPa, the correlation coefficients were not
statistically significant (Tab. 1).

The seasonal correlation coefficients for the
tropopause height showed the strongest linear relation
in summer. During transition seasons (autumn and
spring) the relationship was weaker, and least
pronounced in winter (Tab. 1). The time lag was mostly
one day, indicating that changes in the tropopause
height were quickly reflected in the 7Be concentration
in surface air.

Our correlation coefficients implying a certain
degree of linear relationship between the 7Be surface
concentration and tropopause height are in general
agreement with previously reported results for other
locations [11], [17]. However, the number of days at
which the maximum correlation is reached (Tab. 1) is
shorter than three days found for Thessaloniki, Greece
[17]. This disagreement could result from the true
variability in atmospheric conditions between Helsinki
and Thessaloniki, or could be a spurious result arising
from differences in investigated periods (the
Thessaloniki time series consisted of weekly
measurements performed during 2009).

Meteorological variables, the temperatures and
atmospheric pressure, exhibited a similar degree of
influence on 7Be as the tropopause height (Tab. 1). The
correlation coefficients were weak to moderate, with
the strongest linear correlation in summer. In winter,
however, the correlation was not statistically
significant. The changes in temperatures and
atmospheric pressure were mirrored by changes in 7Be
within the same day and two days later, respectively.
On the other hand, the correlation coefficients implied
no linear correlation with precipitation, which is
considered a major removal process of 7Be from the
atmosphere [7], [9], [26].

These finding are also in general agreement with
the available data. For example, a linear correlation
coefficient of ~0.50 for the 7Be specific activity in
surface air and temperature, was reported for Malaga,
Spain [3] and Monaco [9]. Correlation coefficients for
other meteorological variables, though, were not as
consistent — while in Maéalaga, the 7Be surface
concentration was anticorrelated with precipitation

and relative humidity [3], the Monaco records showed
no statistically significant linear correlation [9].

For the total set of measurements, a moderate
correlation of 0.48 was found for the 7Be surface
concentration and solar zenith angle and it was
reached with a time lag of zero days (Tab. 1). The
seasonal correlation coefficients in this case showed a
weaker relationship during different seasons, in
contrast to other seasonal coefficients that implied the
strongest relationships in summer.

The solar zenith angle, with its smooth and
pronounced annual cycle (Tab. 1), was included in the
analysis as a possible proxy for a physical property
which was omitted from the analysis. In this sense, the
inclusion of the solar zenith angle was made in an
effort to allow for another variable not previously
analysed. The moderate linear correlation coefficient of
0.48 found for the solar zenith angle (Tab. 1) might
imply an existence of a contributing factor with the
following properties: 1) it exhibits a marked annual
cycle, and 2) its influence on the 7Be specific activity in
surface air is less pronounced during seasons than
during the whole year.

Figure 1. Monthly means of (top to bottom): 7Be specific
activity, tropopause height (TH), maximum daily temperature
(TX), precipitation (RR), atmospheric pressure (PP), potential

vorticity (PV ) at 200 hPa, solar zenith angle (SZA), and

number of sunspots (SS).
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Table 1. Correlation coefficients of the 7Be specific activity in surface air: maximum Pearson’s linear correlation coefficients (m.c.c.)
and the number of days (n.d.) on which they were reached. Correlation coefficients not statistically significant are indicated by cells

shaded in grey.
Vari Total set Autumn Winter Spring Summer
ariable
m.c.c | nd. | mecc. | nd. | mce | nd. | mecec. | nd. | mecec | nd
Tropopause height 0.32 1 0.38 2 0.20 1 0.31 1 0.47 1
Mean temperature 0.41 0 0.33 0 0.40 (o} 0.48 1
Minimum temperature | 0.37 0o 0.34 0 0.33 0 0.39 0
Maximum temperature | 0.44 [0} 0.31 0] 0.42 0] 0.50 1
Precipitation
Atmospheric pressure 0.29 2 0.29 2 0.31 3 0.34 2 0.43 2
PV at 300 hPa
PV at 200 hPa
Zenith angle 0.48 0 0.30 o) 0.20 0 0.34 31 0.08 15
Number of sunspots

Our analysis further suggested that the correlations
of the 7Be specific activity with the number of sunspots
and potential vorticity were not statistically significant.
Solar activity has been previously studied in relation to
7Be, and the inverse relationship between the number
of sunspots and 7Be surface concentration has been
found. For example, the aforementioned Monaco
records [9] and data for Palermo, Italy [13], showed
strong anticorrelation between these variables.
However, the 7Be surface concentrations in Finland
seem to show a stronger response to atmospheric
conditions than to solar activity [27], which could
result in an insignificant correlation with the number
of sunspots as shown in our analysis.

Potential vorticity was included in our calculations
for the following reasons. High PV values are often
used as an indicator of stratospheric air intrusion to
the lower atmospheric levels [28]. Therefore, for the
upper troposphere, regions with high values of PV can
be seen as a potential source of 7Be [29]. Previous
studies have investigated a relation between PV and the
7Be specific activity in surface air [30]-[32], but not a
linear correlation between them. Our result, showing
no significant linear correlation between these two
variables, could arise from the fact that after the
intrusion, air masses were not necessarily subjected to
a direct descent. They could reach the surface via an
indirect transport involving advection. Hence, this
finding might suggest that horizontal and vertical
transport exhibit similarly important influence on the
7Be specific activity in the lower tropospheric levels.

4. CONCLUSION

Linear relationship between the 7Be surface
concentration and eight meteorological variables, as
well as the solar zenith angle and number of sunspots,
was analysed. A weak to moderate correlation was
found for the tropopause height, temperatures and
atmospheric  pressure. The strongest linear
relationships were obtained in summer. These results
were in agreement with previously reported data. Our
analysis further showed that changes in the tropopause
height, temperatures and atmospheric pressure were
quickly (within two days) reflected in the 7Be
concentration changes. The moderate correlation
obtained for the solar zenith angle might indicate an
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existence of a variable linearly correlated with the 7Be
surface concentration, but which was not identified in
our study.

On the other hand, our analysis suggested that the
correlations with precipitation, potential vorticity and
number of sunspots were not statistically significant.
The absence of a statistically significant correlation
with potential vorticity most likely implies that after
reaching the upper levels of the troposphere, the
stratospheric air is not transported directly to the
surface, thereby the location of the intrusion of 7Be-
rich air is not positioned directly above Helsinki.
Further, the lack of correlation with the number of
sunspots could support a hypothesis that transport in
the troposphere plays a significant role on the 7Be
distribution at the surface.
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