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MULTIVARIATE ANALYSIS OF CLIMATE VARIABLES, TELECONNECTION INDICES
AND ACTIVITIES OF LEAD-210 AND BERYLLIUM-7 IN SURFACE AIR IN BELGRADE, SERBIA
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Abstract. Activities of lead-210 and beryllium-7 have been monitored at the Vincéa Institute of Nuclear Sciences in
Belgrade, Serbia. The monthly mean activities in composite aerosol samples were determined on HPGe detectors by
standard gamma spectrometry. The meteorological data, consisting of the temperature, atmospheric pressure, relative
humidity, sunshine hours and cloud cover data were obtained from the European Climate Assessment & Dataset and
the Republic Hydrometeorological Service of Serbia. Five teleconnection indices of large scale atmospheric circulation:
North Atlantic Oscillation, East Atlantic Pattern, East Atlantic/West Russia Pattern, Scandinavia Pattern, and
Polar/Eurasia Pattern were obtained from the data archive of the United States National Oceanic and Atmospheric
Administration’s Climate Prediction Center. The first lead-210 and beryllium-7 activities measured at the Vinca
Institute date back to 1985 and 1991, respectively, and their relation with the climate variables and teleconnection
indices is investigated using multivariate methods of analysis.

The most appropriate multivariate method of analysis of these sets of measurements is selected from a wide spectrum
of multivariate methods developed for data analysis in high-energy physics and implemented in the Toolkit for
Multivariate Analysis software package. The evaluation ranking results based on the best signal efficiency and purity,
show that the Boosted Decision Trees (BDT) multivariate method is the most suitable for the variable analysis. Further
multivariate analysis results give insight into the dependence of lead-210 and beryllium-7 concentrations upon the
climate variables and atmospheric circulation (via the teleconnection indices) during the time of measurements. The
BDT method singles out the Scandinavia Pattern index as the variable with the highest importance for both
radionuclides. Amongst the climate variables, temperature shows the strongest influence on the radionuclide
concentrations, while relative humidity is the lowest ranking variable. Moreover, the multivariate regression methods
give a good approximation of lead-210 and beryllium-7 concentrations for all the sets of climate variables and
teleconnection indices.

Key words: lead-210, Be-7, air, climate variables, teleconnection indices, multivariate methods

1. INTRODUCTION the radionuclides medium, but significant
correlation in surface air [1]. The extent of influence
of local climate variables on the activities of these
radionuclides has been studied before [e.g., 1, 2],
while the impact of large scale atmospheric
transport is not as well documented [3].

Environmental radioactivity = monitoring in
Belgrade, Serbia, includes continuous control of
radioactivity of aerosols at meteorological station in
Vinca Institute of Nuclear Sciences. The continuous
control is done by measurements of radioactivity of
lead-210 and beryllium-7. These two naturally
occurring radionuclides have different sources:
210Pp (half-life 22.3 years) in air results from 222Rn
decay, ground resuspension, and anthropogenic
activities (mainly coal combustion), while 7Be (half-
life 53.28 days) is produced in the upper
troposphere and lower stratosphere, and then
transported into lower altitudes. However, washout
is the major removal process from the atmosphere
for both radionuclides, which is a likely reason for

The goal of this analysis is therefore to look
more thoroughly into possible relations between the
210Ph and 7Be activities in surface air and available
meteorological data and large scale atmospheric
transport patterns (quantified by teleconnection
indices). Multivariate methods which have been
developed and used in high-energy physics were
chosen for our analysis. Numerous multivariate
methods and algorithms for classification and
regression can be found in the analysis framework
ROOT [4] and, more precisely, in the Toolkit for



Multivariate  analysis (TMVA) [5]. These
multivariate methods were used to test all available
classifiers and regression methods implemented, in
order to find a most appropriate method for the
analysis of the 2°Pb and 7Be dependence on the
climate variables and teleconnection indices.

2. EXPERIMENTAL DATA

The monthly mean activities of lead-210 and
beryllium-7 in composite aerosol samples are
determined using HPGe detectors by standard
gamma spectrometry. The measurements of
activities of lead-210 started in 1985 and of
beryllium-7 in 1991.[8]

The meteorological data, consisting of
temperature, atmospheric pressure, relative
humidity, sunshine hours and cloud cover data were
obtained from European Climate Assessment &
Dataset (ECA&D) [6] and the Republic
Hydrometeorological Service of Serbia.

Five teleconnection indices of large scale
atmospheric circulation: North Atlantic Oscillation,
East Atlantic Pattern, East Atlantic/West Russia
Pattern, Scandinavia Pattern, and Polar/Eurasia
Pattern were obtained from the data archive of the
United States National Oceanic and Atmospheric
Administration’s  Climate  Prediction Center
(http://www.cpe.ncep.noaa.gov/data/teledoc/teleco
ntents.shtml visited on 18 October 2013).

3. CALCULATIONS

The first step in the analysis was to calculate and
rank the correlation coefficients between all the
given variables and the 21°Pb and 7Be activities
(Table 1). Apart from the useful information on the
connection between the variables and measured
activities, the first stage calculations also help in
setting up and testing the framework for running
the various multivariate methods contained in the
TMVA.

In the next step, the multivariate methods were
used and compared in order to find the one best
suited for classification (division) of the 2°Pb and
7Be activities into two sets of data: acceptable
concentrations and increased concentrations in air
samples. Preferably, the result of this method
comparison is a single method which, given the
input climate variables and atmospheric indices,
provides an output close to the observed variations
in the 21°Pb and 7Be concentrations.

In order to use the multivariate classification, a
set of input events (consisting of 21°Pb or 7Be
concentration value along with meteorological
variables and teleconnection indices values
measured/taken simultaneously) was first split into
events that correspond to the signal (i.e., events that
include 22°Pb or 7Be concentrations that are
considered increased) and to the background
(events that include 2°Pb or 7Be concentration that
is declared acceptable). For the purpose of this
preliminary analysis, the splitting of the input

14

events was performed at 1.1 mBq/m3 and 5 mBq/ms3
for 219Pb and 7Be, respectively. These limits were
used for the majority of the analyses. They were
selected because the splitting ensured maximum
employment of multivariate comparison methods.
Moreover, these particular values reflected the fact
that the number of background events is greater
that the number of signal events. The method of
multivariate regression, however, does not require
preliminary splitting of input events, and is
therefore more general.

4. MULTIVARIATE METHODS

The Multivariate methods in Toolkit for
Multivariate Analysis (TMVA) belong to the family
of "supervised learning" algorithms. They make use
of training events, for which the desired output is
known, to determine the mapping function that
either describes a decision boundary (classification)
or an approximation of the underlying functional
behavior defining the target value (regression). The
two most important Multivariate methods for our
purposes are “Boosted Decision Trees” (BDT) and
“Artificial Neural Networks” (ANN).

4.1. Boosted Decision Trees

In BDT, the selection is based on a majority vote
on the result of several decision trees. Decision tree
consists of successive decision nodes which are used
to categorize the events in a sample as either signal
or background. Typically, BDT is constructed of a
forest of such decision trees. However, the
advantage of the straightforward interpretation of
the decision tree is lost. Detailed information on
BDT can be found in the TMVA manual [5].

4.2. Artificial Neural Networks

ANN is any simulated collection of
interconnected neurons, with each neuron
producing a certain response at a given set of input
signals [7]. ANNs in TMVA belong to the class of
Multilayer Perceptrons (MLP), which are feed-
forward neural networks.

5. RESULTS

A relation between the radionuclides’ activities
and the input variables was first investigated
through correlation coefficients given in table 1. The
coefficients showed a stronger correlation of the 7Be
activity with the climate variables (mean, minimum
and maximum temperature and sunshine hours).
Lead-210, on the other hand did not show
correlation with any of the input variables.

The best method for MVA classification was BDT
followed by MLP. Table 2 shows variable
importance ranking of the top 4 variables. The
method independent variable importance shows
which of the input variables used contributes the
most to classification of the radionuclides’ activities
to normal and increased ones.



Table 1 Correlation coefficients in % for the input
variables and the *'°Pb and "Be activities

Variable Pb-210| Be-7
Mean temperature -8 46
Minimum temperature -9 45
Maximum temperature -7 46
Pressure at sea level 11 -14
Humidity 5 -24
Precipitation -5 -2
Sunshine hours -5 30
Cloud cover -7 -19
North Atlantic Oscillation 6 -3
East Atlantic Pattern -1 9
West Pacific Pattern -2 -1
East Pacific / North Pacific 17 8
Pattern
Pacific/North American
Pattern -4 -6
East Atlantic/West Russia 8 14
Pattern
Scandinavia Pattern 10 -3
Polar/Eurasia Pattern 14 /

Table 2 BDT variable importance ranking of 4 most
important variables

210Ph ’Be
Scandinavia Pattern Scandinavia Pattern
EasF Pacific / North West Pacific Pattern
Pacific Pattern
Polar/Eurasia Pattern Nor'th Aﬁlanhc
Oscillation
West Pacific Pattern East Atlantic Pattern

5.1. Regression MVA methods

Regression represents an approximation of the
underlying functional behavior which defines the
target value (2°Pb and 7Be activities) in dependence
on the input climate variables and atmospheric
indices. Prior to commencing an investigation into
the best MVA methods, we want to make method
independent ranking of input variables (Table 3) by
correlation with the measured concentration values
of 21°Pb and 7Be. It can be concluded from the table
which of the input variables are likely to be most
important for the MVA regression. Similar to the
correlation coefficients table for classification
methods (Table 1), the method independent table
shows that for regression most important variables
are the temperature, sunshine hours (and humidity)
for the 7Be concentration evaluations. For 2°Pb the
most important variables were the two
teleconnection indices and pressure at sea level.

In further analysis, an attempt was made to find
the best regression method that gives output values
(evaluated 21°Pb and 7Be activities) as close as
possible to the measured concentrations. The best
multivariate regression method was found to be

BDT, and the second one MLP, ie. the same
methods singled out in the case of multivariate
classifiers. Figure 1 presents the comparison of
frequency distributions of 21°Pb for measured and
MLP evaluated values.

It is worth mentioning that when using the
“supervised learning” MVA methods, caution in
selecting resulting methods is required. This
primarily means that the selected method ought to
be proven good. To do that, good test algorithms are
needed. Unfortunately, not all MVA regression
methods have a sound test of a training process. The
test process shows whether the evaluated values of
concentrations are far from measured. The MLP
(Figure 2) and DBT methods have good tests of the
learning process, which is not the case for all MVA
methods. Also, we need to mention that, if some
MVA method gave distributions of evaluated 2°Pb
or 7Be concentrations with many apparent discrete
values, we did not considered it as an appropriate
method for our analysis, since we expect the more
continual distributions to be closer to reality.

Table 3 Variable importance ranking, independent
of the method for MV A regression

210ph "Be

Polar/Eurasia Pattern Mean temperature

East Pacific / North Pacific |Maximum
Pattern temperature

Pressure at sea level Minimum temperature

Scandinavia Pattern Sunshine hours

Minimum temperature Humidity

North Atlantic Oscillation |Cloud cover

Mean temperature Pressure at sea level

East Atlantic/West Russia |East Atlantic/West

Pattern Russia Pattern
Cloud cover East Atlantic Pattern
Maximum temperature Eas‘t Pacific / North
Pacific Pattern
Precipitation PaCIﬁF/ North
American Pattern
Sunshine hours Nor.th A}lantm
Oscillation
Humidity Scandinavia Pattern
Pacific/North American Precipitati
recipitation
Pattern
West Pacific Pattern West Pacific Pattern
East Atlantic Pattern Polar/Eurasia Pattern

Additionally, several MVA methods, like
Function Discriminant Analysis (FDA) (Fig. 3) had
negative regression coefficient for distribution of
differences of the evaluated and measured values of
201Ph concentrations vs 20'Pb concentrations. This
negative regression coefficient was corrected, thus
making several more MVA methods useful for our
analysis. As a result, methods which could
successfully be used for regression were the
following MVA methods: Artificial Neural Networks,
Boosted Decision Trees, Function Discriminant
Analysis, Linear Discriminant, Multidimensional k-
Nearest Neighbour Method, and Multidimensional
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Probability Density Estimator Range-Search. All
these methods gave distributions of the evaluated
values similar to MLP, which encouraged us to use
all the results from the MVA analysis. Since MVA
methods are mathematically very diverse, getting
the same results points out that they properly
describe the connection between the experimental
values and the meteorological variables and
teleconnection indices.
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6. CONCLUSION

The first tests of using the MVA methods in
finding the relation between the 21°Pb and 7Be
activities in air, and the meteorological variables
and teleconnection indices, were shown to be very
promising. The MVA classification and regression
methods can distinguish between inter-correlations
of input variables and correlation of input variables
and 21°Pb and 7Be activities, and also to point out to
the, MVA method specific, variables which
contribute the most to efficient classification and
evaluation of the measured 21°Pb and 7Be activities.
Successful MVA mapping of functional behavior of
the 21°Pb and 7Be activities is the most important
result of this work. Having the MVA mapped
functional behavior will help us with further
research of activities of these isotopes in air
samples.
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