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1 | INTRODUCTION

decades has increased the amount of scientific publications related to
aerobiological topics (Beggs, Sikoparija, & Smith, 2017).

New aerobiological methods with automatic sampling devices

The analysis of the biotic content of the troposphere is very interest-
ing from ecological, agronomic and medical points of view (Oteros et
al., 2019; Recio et al., 2018; Romero-Morte, Rojo, Rivero, Fernandez-
Gonzalez, & Pérez-Badia, 2018). AeRobiology is the scientific field
based on the study of abundance and dynamics of bioaerosols (pollen,
spore, bacteria, virus ...) in the air. Different devices have been used all
over the world for monitoring airborne biological particles, but during
the last decades a standardized methodology has been established in
Europe based on the use of Hirst-type volumetric traps (Buters et al.,
2018; Galan et al., 2014). The foundation of the aerobiological monitor-
ing networks in Europe and other parts of the world during the recent

have been developed over the last years and new devices are under
improvement (Crouzy, Stella, Konzelmann, Calpini, & Clot, 2016;
Kawashima et al., 2017; Oteros et al., 2015). Such novel techniques
will require new methods for analysing the huge amount of real-
time aerobiological data provided (Ghitarrini et al., 2018). In any
case, conventional and real-time methods need faster techniques
for analysing the aerobiological data. Programming in an environ-
ment as Rr Software (R Core Team, 2018) is an efficient solution to
interpret the results from the raw data (e.g., Big Data analysis, gen-
eration of reports or developing forecasting models). In addition,
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other advantages of using programming for data science are the re-
producibility of the results or the robustness of the analysis against
human errors.

Some functionalities such as the definition of the pollen season
or the replacement of outliers in aerobiological data were previously
implemented in r Software by the pollen package (Nowosad, 2018).
Other packages related to air pollution analysis such as openair are
helpful for modelling (Carslaw & Ropkins, 2012). forecast package is
also useful for general statistical methods (e.g., time series analysis)
(Hyndman & Khandakar, 2008). However, a new tool was necessary
to manage and visualize aerobiological data, including tasks such as
checking the aerobiological time series, filling the missing gaps in da-
tabases, elaborating the main calculations or multiple visualizations
of the results. Following these objectives, the AeRobiology package

has been developed for r Software (R Core Team, 2018).

2 | STRUCTURE OF THE AEROBIOLOGY
PACKAGE

The functions of the package AeRobiology are structured in three
sections based on their functionality (Table 1): (a) checking the data
quality, (b) data analysis and (c) visualization of the results.

2.1 | Checking the data quality

The required data input in the functions of the package consists of a
database of biological particles in air structured as a time series, that
is, different types of bioaerosol measured along a time sequence.

This dataset for the AeRobiology package must include a first col-
umn with dates and the rest of columns belonging to each bioaero-
sol type. Presumably, AeRobiology package will be applied to manage
databases for biological data in the air, despite several general func-
tionalities, such as quality control or interpolation of time series,
could also be applied to other environmental data (e.g., meteorologi-
cal time series).

In a global scientific discipline as aerobiology, it is very im-
portant to maintain a quality control that allows the data to be
comparable and reproducible. This quality control have been
carried out in Europe to check each step of the sampling proce-
dures (Galan et al., 2014; Oteros, Galan, Alcazar, & Dominguez-
Vilches, 2013). Moreover, the quality_control function from the
AeRobiology package was implemented in order to check the
quality of an historical database before data analysis. The data-
set is checked searching for missing data within time series and
regarding to certain criteria, for example, number and length
of the gaps and position of the gaps during the season. Then,
the user may fill the gaps according to different methods im-
plemented in the interpollen function: application of the mov-
ing average of the daily concentrations; application of different
regressions models (linear or spline regressions); interpolation
according to the seasonality of the historical database; and inter-
polation of the missing data of a station by modelling its airborne
particulate matter using data from a neighbour station. These
functions were implemented for aerobiological tasks but other
environmental time series could be checked and completed using
this r package (e.g., databases of inorganic air pollutants or me-
teorological time series).

TABLE 1 List of main functions included on the AeRobiology package

Section

Checking the data
quality

Data analysis

Visualization of the
results

Functions

quality_control

interpollen

calculate_ps

pollen_calendar

analyse_trend

iplot_abundance

iplot_pheno

iplot_pollen
iplot_years

plot_ps
plot_normsummary
plot_summary
plot_trend
plot_hour
plot_heathour

Description

Checking the quality of an historical database of several types of bioaerosol

Filling the gaps of the missing data according to different implemented methods of
interpolation

Estimation of the main parameters of the pollen or spore season

Pollen calendar using different commonly used methods from a historical pollen
database

Trends analysis for the main seasonal indexes of the reproductive season (start-
dates, peak-dates, end-dates and amount of bioaerosols)

Plot of the relative abundance of the bioaerosols in the air

Phenological plot based on phenological parameters such as start and end-dates of
the reproductive season

Interactive plotting pollen data (one reproductive season)

Interactive plotting pollen data (one type of bioaerosol)

Plotting the reproductive season of a single type of bioaerosol

Plotting the amplitude of several reproductive seasons

Plotting the data during several reproductive seasons

Calculating and plotting trends from a historical pollen database

Intradiurnal analysis and plotting of the hourly patterns of pollen concentration

Graphical representation of the hourly patterns of pollen concentrations as heatplot
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2.2 | Data analysis

The dynamics of the bioaerosols are determined by phenological
parameters such as the dates of onset and end of the period of the
year when a given particle is registered in the air. Nevertheless,
the methods to calculate these parameters are subject to contro-
versy (Bastl, Kmenta, & Berger, 2018) and the use of one or an-
other method depends on the purpose and the type of bioaerosol
(Jato et al., 2006). All the actual methods used to estimate the
pollen season have been implemented in the calculate_ps func-
tion, obtaining easily the results about the phenological param-
eters and pollen intensity measurements (Andersen, 1991; Galan,
Garcia-Mozo, Carinanos, Alcazar, & Dominguez-Vilches, 2001;
Pfaar et al., 2017; Ribeiro, Cunha, & Abreu, 2007). Moreover, a
new method is proposed for the first time in this package by the
authors. According to this new method, the definition of the pol-
len season is established when the moving average of the aero-
biological series reaches a threshold. This method avoids the high
variability introduced by daily fluctuations of the concentrations
of airborne particles, which can make more difficult the estima-
tion of the phenological dates. Therefore, AeRobiology package
represents a crucial contribution to the automation of the analy-
sis of a key aerobiological issue such as the definition of the pol-
len season.

Another important aerobiological task is the calculation of the
pollen or spore calendar, which is a graphical representation of
the biological spectrum of the atmosphere at a certain location
throughout the year. These calendars include information about
phenology and intensity of the concentration of different types of
bioaerosol in the air. The pollen_calendar function allows to calcu-
late the calendar from a historical aerobiological database using
the most common methods in the aerobiology field (O'Rourke,
1990; Rojo et al., 2016; Spieksma, 1991; Werchan, Werchan, &
Bergmann, 2018).

In addition, the general spectrum of bioaerosols in the air may
be analysed by using the iplot_abundance function. Thus, the rela-
tive abundances (as percentages) of the specific biological particles
in the air are calculated. In a long-term temporal context, studies
focused on trends of time series are very useful when analysing
extensive historical series of environmental data. For this reason,
the analyse_trend function was included in the AeRobiology package.
These functions allow to carry out trend analysis of the main sea-
sonal indexes over several years, a crucial analysis to evaluate the
influence of climatic variations over the dynamics of the bioaerosols
(Recio et al., 2018).

2.3 | Visualization of the results: static and
interactive plots

AeRobiology package offers numerous options to visualize results.
On the one hand, a proper visualization of the raw aerobiological
data may be a great help before analysing the data (plot_normsum-

mary and plot_summary functions). In addition, the user may carry

out a comparison between the airborne daily concentrations of dif-
ferent years and types of bioaerosols (iplot_pollen and iplot_years
functions) or may want to graphically visualize the phenological
parameters (iplot_pheno function). Intradiurnal analysis and graphi-
cal representation of the hourly patterns of pollen concentration
may be performed with plot_hour and plot_heathour functions.
Furthermore, plot_ps and pollen_calendar functions provide differ-
ent graphical representations. Most of the functions included in the
AeRobiology package provide some kinds of visualization, either to
internally check the results as well as to produce elegant figures
that the users may publish. The users may choose between static
(Wickham, 2016) and interactive plots (Chang, Cheng, Allaire, Xie,
& McPherson, 2018; Sievert, 2018) for improving the interpretation
of the results.

3 | EXAMPLE OF APPLICATION

This example illustrates how the AeRobiology package is applied for
the management and analysis of the pollen database of Munich (pe-
riod 2010-2015). This database was provided by the research team
of Prof. Jeroen Buters (Zentrum Allergie und Umwelt, ZAUM, di-
rected by Prof. Carsten B. Schmidt-Weber).

> library (AeRobiology)

> data(munich_pollen)

Then, in the Figure 1 the outputs obtained by several functions of
the AeRobiology package are shown. In the first step, it is very interest-
ing to check the quality of the data (Figure 1.1) and to fill the gaps of the

missing data using a spline regression (Figure 1.2):

> quality_control(munich_pollen, int.window = 2, perc.miss = 20) #
Figure 1.1
> interpollen(munich_pollen, method = "spline", spar = 0.2) # Figure 1.2

The users may perform numerous relevant calculations in the
field of aerobiology, for example to calculate phenological parame-
ters of the season or generate a calendar that represents the abun-
dance and dynamics of the bioaerosols in the atmosphere. This
example shows the calculation of the season (start, peak and end-
dates) for the Betula pollen season following the criterion proposed
by Pfaar et al. (2017) for birch (Figure 1.3). Furthermore, Figure 1.4
shows the output of the calculation of the calendar using a violin plot
design (O'Rourke, 1990):

> plot_ps(munich_pollen, pollen.type = "Betula", year = 2011, method =
"clinical", type = "birch") # Figure 1.3

> calendar.plot <- pollen_calendar(munich_pollen, method = "violin-
plot") # Figure 1.4

Different examples of visualization of the data are shown in
Figure 1 such as graphs about relative abundance of the bioaerosols
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FIGURE 1 Example of the different tasks implemented in the AeRobiology package. All these graphs may be obtained by running the
script provided in the example of the text: 1 Quality control; 2 Interpolation of the pollen data for filling the missing data; 3 Estimation of the
pollen season for Betula pollen; 4 Pollen calendar; 5 Relative abundances of the bioaerosols; 6 Main phenological parameters; 7 Graph for
the average and amplitude of the Poaceae pollen; 8 Trends of the pollen time series. Pollen data obtained at Munich (Zentrum Allergie und
Umwelt, ZAUM) and provided in this package



ROJO ET AL.

Methods in Ecology and Evolution 1375

(Figure 1.5), phenological graphs (Figure 1.6), graphs showing the
average daily concentrations and the amplitude of a specific bi-
ological particle (Figure 1.7) or graphs about trends of the data
(Figure 1.8):

> iplot_abundance(munich_pollen, n.types = 7, type.plot = "static") #
Figure 1.5

> iplot_pheno(munich_pollen, method = "percentage", perc = 95, type.
plot = "static") # Figure 1.6

> plot_normsummary(munich_pollen, pollen = "Poaceae", color.plot =
"darkgreen") # Figure 1.7

> analyse_trend(munich_pollen, export.plot = FALSE, export.result =
FALSE)[[1]] # Figure 1.8

4 | CONCLUSIONS

The AeRobiology r package means an important contribution to the
scientific field of any aerosol science, especially for aerobiology,
since it provides proper solutions for the automatization of calcu-
lations and time-consuming procedures of the data analysis. This
advance in efficiency and effectiveness for the data analysis is es-
pecially relevant in this historical moment where for the first time
technological development allows us to automatically get reliable
and big databases about the biological quality of the air.
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