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Abstract. We present an analysis of the maxima in a large dataset of the beryllium-7 specific activities measured in 
surface air in Helsinki, Finland, over 25 years (1987-2011), which are stored in the online Radioactivity 
Environmental Monitoring (REM) database. The maxima are defined as events with the beryllium-7 specific activity 
above the 95th percentile, which, for the Helsinki data set, equals to 4.82�10-3 Bq�m-3. The beryllium-7 specific activity 
in Helsinki shows a seasonal pattern with the monthly means above 2.00�10-3 Bq�m-3 during the warm season (April–
September), and below 2.00�10-3 Bq�m-3 during the cold season (October–March). The analysis of the extremes shows 
that 10 % occurred in the cold season, and these “cold extremes” are analysed in more detail. Amongst the cold 
extremes, three representative “episodes” are identified. The episodes, which occurred in March 1999, February 2003 
and February 2005, show extremely high beryllium-7 specific activities measured over several consecutive days. 
Anomalies of potential vorticity, sea level pressure and surface temperature, as well as precipitation, over Europe 
and the Atlantic are investigated. A brief analysis of one cold extreme, classified as “burst” since it was an isolated 
event surrounded by measurements below the 95th percentile, is also presented in an attempt to find common 
mechanisms that contribute to both cold extreme episodes and bursts. Scandinavia teleconnection index seems to 
represent a good indicator of potentially preferential atmospheric conditions that could lead to cold extreme episode 
occurrences in the Scandinavian region. 
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1. INTRODUCTION 

Beryllium-7 (half-life 53.22 days), a naturally 
occurring radionuclide, is produced in the upper 
troposphere and lower stratosphere (UTLS region) [1], 
where it attaches to fine aerosols promptly after 
production [2]-[4]. Its ensuing behaviour in the 
atmosphere is governed by horizontal and vertical 
transport and removal mechanisms [5], [6].  

The concentration of 7Be in surface air depends on 
a number of factors. The shorter the time 7Be is 
transported from its point of origin (production 
altitude) to the Earth’s surface, the higher its 
concentration in surface air. Therefore, fast air 
subsidence, especially through the tropopause layer, 
results in a high 7Be concentration at the surface [7]. 
Further, the surface 7Be concentration exhibits a 
latitudinal dependence such that in Europe, for 
example, the measurement sites in the south show ~2.5 
higher concentrations than the sites in the north [8]. A 
clear seasonal cycle in surface 7Be, with the highest 
concentrations occurring in spring or summer, and the 
lowest in winter has also been shown [8], [9].   

The spring-summer maximum of the 7Be specific 
activity in surface air has been attributed to an increase 

in vertical transport during that season [10], [11]. 
Further, elevated 7Be surface concentrations have been 
associated with stratospheric intrusions into the 
troposphere [10], [12], [13]. However, the existence of 
extremely high 7Be concentrations in surface air during 
the colder half of the year (autumn and winter) have 
not yet been systematically investigated.  

To answer a question whether very high 7Be surface 
concentrations occur during autumn and winter, we 
used a large dataset of the 7Be specific activities in 
surface air in Helsinki, Finland. This data set, which is 
a part of the online Radioactivity Environmental 
Monitoring (REM) Database, contains more than 4000 
measurements conducted over 25 years, 1987-2011. 

First, the extremely high specific activities, or the 
extremes, were defined as the maxima in the database, 
i.e. the measurements higher than the 95th percentile. 
Then, we looked for the “cold” extremes that occurred 
during autumn or winter. We separated the cold 
extremes into “bursts” and “episodes” depending on 
their persistence. Meteorological conditions preceding 
and during three cold extreme episodes were analysed 
in more detail, while only a brief analysis of one burst 
was performed. However, we made an attempt to find 
common features that could explain the occurrence of 
both the cold extreme episodes and bursts. 
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2. MATERIALS AND METHODS 

2.1. Datasets 

Measurements of the 7Be specific activity in surface 
air in Helsinki (60.21 °N, 25.06 °E), Finland, are a part 
of a wider collection of different radionuclides’ 
measurements in a number of environmental sample 
types, stored in the Radioactivity Environmental 
Monitoring Database (REMdb). The REMdb is 
supported by the REM group from the Institute of 
Transuranium Elements, of the DG Joint Research 
Centre (JRC). 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. More details on the REMdb 
and 7Be specific activity measurements can be found in 
[8] and on the REMdb monitoring reports site 
https://rem.jrc.ec.europa.eu/RemWeb/Reports.aspx. 

The Helsinki 7Be dataset encompasses the 
measurements performed between 1987 and 2011. 
Even though it is not of the longest duration, it is now, 
due to its high temporal resolution, the largest dataset 
with more than 4000 measurements. In 1999, the 
sampling frequency increased from once a week to 
every day or once in two days.  

2.2. 7Be specific activity in surface air in Helsinki 

The annual cycle of the 7Be specific activity in 
surface air in Helsinki, 1987-2011, is given in Fig. 1. The 
monthly mean concentrations showed a pattern with 
values higher than 2.00�10-3 Bq�m-3 over April–
September. The other, colder, half of the year, 
October–March, was characterised by lower 7Be 
surface concentrations. This half of the year was named 
“cold season”. 

Figure 1. Monthly mean 7Be specific activities in surface air 
in Helsinki. The dashed line indicates the 95th percentile 

(4.82�10-3 Bq�m-3) which represents the threshold 
for an extreme 

The extremely high specific activities, or the 
extremes, in the 7Be dataset were identified as the 
maxima above the 95th percentile. Specifically, this 
threshold was 4.82�10-3 Bq�m-3. The extremes that 
occurred during the cold season were then termed 
“cold extremes”. The cold extremes were further 
divided into two classes depending on their 
persistence. If a cold event was also detected in a 
preceding or subsequent measurement, i.e. if at least 
two consecutive measurements noted an extreme, they 
were grouped in an “episode”. In contrast, if a cold 
extreme was an isolated event surrounded by 
measurements below the 95th percentile, it was termed 

“burst”. The search for the extremes was performed 
through the entire set of the 7Be measurements.  

Apart from the temporal persistence of the cold 
extremes, their spatial extent was also analysed by 
searching for concomitant extremes in the surrounding 
stations. The surrounding stations were selected from 
the REMdb provided they satisfied two conditions: 
their total number of measurements was larger than 
400, and the stations were in a relative vicinity of 
Helsinki. Five stations satisfied the set criteria: Ivalo 
(60.64 °N, 27.57 °E), Umea (63.85 °N, 20.34 °E), Kista 
(59.40 °N, 17.93 °E), Harku (59.39 °N, 24.58 °E), and 
Risoe (55.69 °N, 12.10 °E). The extreme threshold in 
those stations was set to either their 95th percentile or 
the 95th percentile for Helsinki – the lower of the two.   

2.3. Circulation pattern analysis 

Meteorological conditions over Europe and the 
North Atlantic were analysed for extended periods 
covering the cold extreme episodes.  

Potential vorticity (PV) anomaly at the 300 hPa 
isobaric level was firstly calculated. The PV anomaly 
could be an indicator of a location wherein an intrusion 
of stratospheric air brings 7Be-rich air into the 
troposphere [14], [15]. The PV anomaly was calculated 
for a three-day period preceding each cold episode. The 
duration of the preceding period was chosen on the 
following premises: the stratosphere-to-troposphere 
intrusion occurs before a 7Be extreme is detected in 
surface air; the time in which the 7Be surface 
concentration responds to changes in tropopause 
height is three days [16]. The PV anomaly was 
calculated with respect to a long-term climatology, 
defined as a long-term (covering 1981-2010) PV mean 
value during the cold episode days, five preceding and 
five subsequent days. This five-day window was 
introduced following a procedure used in long-term 
climatology calculations for each day of the year [17].  

Secondly, sea level pressure (SLP) and surface 
temperature (T) anomalies were calculated in the same 
manner, with one difference – the investigated periods 
covered not only the three days prior to the episode, 
but also the whole duration of the episode. Hence, the 
influence of meteorological conditions during each 
episode was taken into consideration. We chose SLP as 
an indicator of subsidence motion in the troposphere, 
whose importance in the 7Be abundance has been 
shown [10]. Positive pressure anomaly indicates 
anticyclonic atmospheric flow in which subsidence is a 
part of its dynamics. Positive correlation between the 
7Be surface concentration and temperature, reported 
in [3], [11], [18], was the reasoning behind the 
inclusion of the temperature field into the analysis. 
Furthermore, as subsidence leads to adiabatic heating 
of air, high positive temperature anomaly at the surface 
may imply transport of air from higher to lower 
altitudes. 

Finally, we looked into the total precipitation 
accumulation (RR) during each episode, since we 

expected a dry period to prevent 
7Be washout from the 

atmosphere and thus facilitate its accumulation over a 
prolonged period. The potential vorticity, sea level 
pressure and temperature anomalies were calculated 
using the NCEP/NCAR reanalysis [19], and the total 
precipitation accumulation was calculated using the 
EOBS data set [20]. 
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3. RESULTS AND DISCUSSION 

In the Helsinki data set, 212 extremes were 
identified, wherein 21 (10 %) occurred during the cold 
season. Table 1 summarises the cold extremes and their 
spatial extent. 

Table 1. Cold extremes, their classification, and notes on the 
spatial extent of their occurrence 

Date 
(dd/mm/yyyy) 

Class 
Detected in surrounding 

stations 
18/11/1993 
22/11/1993 

episode 
Risoe on 16/11  
Ivalo on 29/11 

23/01/1995 burst Ivalo 23/01 
17/03/1995 burst Ivalo 20/03 
12/03/1999  
13/03/1999  
14/03/1999  
15/03/1999  
16/03/1999  
20/03/1999 

 episode1 

 
11/10/2002 burst  
30/11/2002  
01/12/2002 

episode* 
 

20/02/2003 
21/02/2003 
22/02/2003 

episode2 
Ivalo on 23/02  

Umea and Risoe on 24/02 

08/02/2005  
09/02/2005  
10/02/2005 

episode3 
 

02/11/2005 burst Harku 06/11 

10/10/2010 burst# 
Kista on 10/10  
Risoe on 11/10 

3.1. Cold extreme episodes 

Within the cold extremes, five episodes were 
observed. The first episode occurred in November 
1993, in the period when the sampling frequency was 
approximately once a week. This event with an elevated 
7Be surface concentration was also evident in Risoe and 
Ivalo (Tab. 1). The episode marked with the asterisk 
sign (*) seems to have lasted longer than two days, as 
four subsequent measurements after 01/12/2002, 
showed the specific activities higher than 4.00�10-3 
Bq�m-3 (but below the 95th percentile).  

The three episodes marked with superscripts 1-3 
(Tab. 1) were detected in more than two consecutive 
measurements, and they were analysed in more detail. 
The anomalies of PV, SLP and T, as well as RR for the 
three extreme episodes, are shown in Figs. 2-4.  

We found the following common features in the 
cold extreme episodes:  

1) a positive potential vorticity anomaly west of 
Helsinki, which was pronounced (higher than 3 PVU;   
1 PVU = 10-6 m2 s-1 K kg-1) prior to episodes 1 and 2, 
and which could point to a stratospheric intrusion and 
the subsequent eastward transport of 7Be-rich air 
towards Helsinki;  

2) a high pressure anomaly over Scandinavia, with 
an associated westward low; and  

3) dry conditions during the episodes.  

These results agree well with the anticyclonic flow 
and no precipitation that were associated with high 7Be 
surface concentrations recorded at a high-elevation 
measurement site in the Alps [21]. The surface 

temperature, however, showed a positive anomaly over 
Scandinavia in episodes 2 and 3. Only during episode 1, 
the temperature anomaly was clearly negative in the 
wider Helsinki region.  

 

Figure 2. Meteorological conditions over Europe and the 
Atlantic during the extreme episode 12-16/03/1999: a) 

potential vorticity anomaly; b) sea level pressure anomaly; c) 
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surface air temperature anomaly; and d) total accumulation 

precipitation. The red star denotes Helsinki, Finland 

Figure 3. Same as Fig. 2 but for the extreme 
episode from 20 to 22 February 2003 

This temperature anomaly finding does not fully 
agree with our initial premise that an anticyclonic 
atmospheric flow, with a positive surface pressure 

anomaly and an associated subsidence, leads to a 
positive temperature anomaly. Reasons for this 
difference during episode 1 could probably be assessed 
in a more extensive analysis of atmospheric conditions. 

 
Figure 4. Same as Fig. 2 but for the extreme 

episode from 08 to 10 February 2005 

Since the observed conditions during the cold 
episodes resembled atmospheric conditions associated 
with the January loading pattern of the Scandinavia 
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(SCAND) teleconnection index [22], we further looked 
into its values during the cold extreme episodes. Fig. 5 
gives SCAND for the cold season months over 1987-
2011 (ftp://ftp.cpc.ncep.noaa.gov accessed 22 February 
2016).  

Figure 5. Monthly values of the SCAND index (black). In each 
year, six values, representing the cold months, are given. Red 
and blue circles annotate months when the cold extreme 

episodes and bursts, respectively, were recorded. Orange and 
red lines are the 75th and 95th percentile thresholds for the 

SCAND distribution 

All months during which the cold extreme episodes 
were observed (Tab. 1) showed the SCAND index over 
the 75th percentile, and for episodes 1 and 2, the 
SCAND index was above the 95th percentile. It is worth 
noting that in both January and March 1996, when 
SCAND index was extremely high (Fig. 5), there was 
one measurement per month with the 7Be specific 
activity larger than 4.00�10-3 Bq�m-3, and the monthly 
mean activities were above 2.00�10-3 Bq�m-3.  This 
relation, however, was not repeated in other cold 
months with high SCAND. 

3.2. Cold extreme bursts 

The two bursts detected in January and March 1995 
(Tab. 1) may not necessarily fall in that category, as 
sampling was performed only once a week. Those 
bursts, therefore, might have been of a longer duration. 

The bursts that occurred after 1999, when the 
sampling frequency was increased, probably indicate 
sudden and short-lasting favourable atmospheric 
conditions that allowed a fast influx of 7Be, and a 
similarly fast decline in its surface concentration. The 
inflow of 7Be-rich air can be a result of either direct or 
indirect transport from the UTLS [21]. The former 
consists of a fast downward motion, while the latter 
includes a somewhat slower motion, which allows a 
certain degree of mixing between the stratospheric and 
tropospheric air. In a cold extreme burst, air 
subsidence could be followed by horizontal transport, 
with a fast resulting transport of air so that extremely 
elevated 7Be concentrations remain its signature. A 
rapid decline in the 7Be concentration could again be 
achieved via transport, or removal through wet 
deposition. 

The favourable conditions, although only transient, 
were not necessarily constricted to the Helsinki region. 
In fact, since some of bursts were detected on the same 

day in the surrounding stations (Tab. 1), the favourable 
conditions could be of mesoscale extent. 

The temporal evolution of the 7Be surface 
concentration and precipitation around the date of the 
burst# (Tab. 1) is given in Fig. 6. In this burst, the rise 
towards the extreme on 10/10 took the preceding week, 
and although transport was responsible for the inflow 
of 7Be-rich air, the surface build-up of 7Be was aided by 
a dry spell that lasted for 18 days (23/09-10/10). 
Removal of 7Be from surface air, which led to a sharp 
drop in concentration, was at least partly facilitated by 
precipitation on 11/10. The importance of dry 
conditions in 7Be accumulation, shown here in both the 
episodes and bursts, has been observed before [9], [10]. 

 

Figure 6. Specific activity of 7Be (grey bars) 
and precipitation (black line) from 
mid-September to mid-October 2010 

Similarly to the aforementioned episode*, this 
burst# could be classified as a less pronounced episode, 
since four consecutive measurements between 04 and 
10 October 2010 showed an increased 7Be surface 
concentration (around 4.00�10-3 Bq�m-3 and higher).  

However, this classification would not be supported 
by the SCAND index (if it were taken as an indicator of 
a cold extreme episode), since it was below the 75th 
percentile (Fig. 5). Still, SCAND showed another 
similarity with the 7Be extremes – in the 2002, 2005, 
and 2010 bursts (Tab. 1), the SCAND index was 
positive, and in fact, close to the 75th percentile in the 
latter two bursts. In January and March 1995, however, 
a negative SCAND index accompanied the bursts (Fig. 
5).  

Previous studies have shown that the long-term 
variations in the 7Be surface concentration in the 
Scandinavian region are influenced by the North 
Atlantic Oscillation and Atlantic Multidecadal 
Oscillation teleconnection indices [23], [24]. However, 
there have been no analyses of the SCAND influence on 
the 7Be surface concentrations, especially its 
correlation with extremely high 7Be concentrations. 

4. CONCLUSION 

Our results showed that although rarely, only 10 % 
of the total measurements above the 95th percentile, 
extreme 7Be concentrations in surface air do occur 
during the cold half of the year. Some of these events 
were brief, noted in an isolated measurement, while 
others lasted longer, and were detected in several 
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consecutive measurements. The investigated 
atmospheric conditions prior to and during these 
extreme events, indicated a few common features, 
which were encompassed by a positive, and sometimes 
extremely high, SCAND teleconnection index. 
Therefore, the SCAND index could be regarded as a 
potential predictor of cold extreme events in the 
Scandinavian region. A better understanding of 
dynamics leading to an extreme 7Be event could result 
from this novel finding. 
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