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Abstract: In this work, we show atmospheric effects of second order on the cosmic ray intensity observed in the
Pierre Auger Observatory; using meteorological data of the TRMM satellite and others of the NOAA, and the
scaler public data of the surface detectors from the Pierre Auger Observatory. The time period of study was from
2006-2011. We analyzed first the anomalies with a sigma level > |2| in data corrected for barometric effect, these
reflects a variation caused by the atmospheric pressure variations. The data were filtered, monthly distributions
were made and a wavelet spectra calculated, recurrent periodicities and total power distributions were obtained.
The results show two trends that correspond to periodicities of the rainstorm and lightnings.
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1 Introduction
The acceleration of electrons by a thundercloud was first
discussed by Wilson [1], many experiments were done
afterwards without conclusive results on the phenomenon,
until the 80s, when Parks [2] carried an X ray detector (3
to 12 KeV) on board a F-106 NASA ship. They inferred
that these rays were the result of bremsstrahlung radiation
produced by energetic electrons that were accelerated by
the process described by Wilson. Afterwards, with an
array for extensive air showers in the valley of Baksan,
Russia, Alexeenko etal [3, 4] found correlations of short-
term variations in the intensity of secondary cosmic rays
with the atmospheric electric field during thunderstorms;
years later, the same group [5] made a new version of
the experiment, observing disturbances in the intensity of
the electromagnetic component of secondary cosmic rays
before an electric discharge. They also found that these
disturbances were apparently of two types: one of long
duration (several minutes) and frequent, while the other
was short and of very rare occurrence. Similar variations
were observed with the muon telescope located in Mexico
City by Alvarez-Castillo and Valdés-Galicia [6], the long
duration feature was attributed to the precipitation process
and the short duration to the electrical activity of the storm.

In this paper we use the public scaler data from the
surface detectors (SD) of the Pierre Auger Observatory,
with these we made a statistical study of the atmospheric
variations that affect the Soft Component of the Cosmic
Rays during electrical storms and quiet times.

2 Data
The Pierre Auger Observatory is located in the South-
ern Hemisphere, in the area of Malargüe city, Mendoza
Province, Argentina. It was constructed by a collaboration
of 18 countries; the surface detectors (SD) consists of an
array 1,600 water Cherenkov stations, on a 1.5 km hexago-
nal grid covering 3,000 km2. The SD network is comple-
mented by a set of highly sensitive telescopes (fluorescence
detectors). For details see [7].

The data used in this study are counting rates of the

scalers with 15 minute time resolution,this data are free
and correspond to the average counting rate of all the water
Cherenkov detectors (for technical details see [8]). We
selected years of low solar activity (2006-2011), these were
chosen to ensure the absence of changes in the primary
spectrum caused by solar disturbances. The variations
due to geomagnetic effects, stationary effects and Forbush
decreases were eliminated using a wavelet filter [9]. The
resulting data were corrected for atmospheric pressure, the
effects of the temperature and snow were not considered
because they are negligible.

Three kinds of time series were built: I. Days without
precipitation; II. Days with precipitation in more than 69%
of the array; and III. Days with precipitation in less than
69% of the array. The precipitation and lightning data were
obtained from the Tropical Rainfall Measuring Mission
(TRMM) of NASA-JAXA, that observes lightning using
an optical detector. The considered area for the array was:
center(-35.25 Latitude,-69.25 Longitude) and diagonal (-
34.75,-69.75) to (-35.75,-68.75). The precipitation data
are quasi-globals of each 3 hours with a resolution of
0.25◦x0.25◦. The lightning data are taken only twice per
day, when the spacecraft is above the observatory, to have a
good statistics, we have expanded the interval of these data
to 1998-2011.

3 Methodology
The cosmic ray data were corrected using a monthly baro-
metric coefficient for each year (Table 1). We used a wavelet
filter to decompose the signal into its fundamental frequen-
cies [9]. This allows the removal of the low frequency fluc-
tuations from the original data. The low frequency signals
contain the diurnal and other long-term variations; these
are subtracted from the original data to obtain the high fre-
quency component that contains the effects due to atmo-
spheric phenomena. As a final step required by the wavelet
technique, the high frequency signal is normalized to the
standard deviation of the resulting series. With these data
we built the monthly distributions to calculate correlation
coefficients. A spectral analysis was performed using the
wavelet method, since this method calculates the size of
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Figure 1: Low pass filter made with counting rates of
fifteen minutes considering all tanks of the Pierre Auger
Observatory. The blue line of the top panel shows the
original data and the red line the trend of the signal. The
middle panel shows the high frequency component resulting
from subtracting the trend to the original signal, the lower
panel shows the high frequency component normalized
by the standard deviation, the red lines indicate the ± 2σ

values.

the window according to the characteristics of the data and
the mother function used, thus ensuring an adequate size to
calculate the power spectral density function. The mother
function used was the Morlett function, this was developed
specifically for geophysical signals, it provides a very good
temporal resolution [10].

Month 2006 2007 2008 2009 2010 2011
Jan. -0.32 -0.34 -0.33 -0.31 -0.32 -0.33
Feb. -0.37 -0.36 -0.35 -0.36 -0.37 -0.37
Mar. -0.39 -0.39 -0.38 -0.37 -0.36 -0.38
Apr. -0.38 -0.39 -0.39 -0.34 -0.39 -0.37
May -0.36 -0.39 -0.35 -0.35 -0.37 -0.38
Jun. -0.35 -0.37 -0.33 -0.34 -0.36 -0.37
Jul. -0.37 -0.36 -0.31 -0.37 -0.33 -0.34
Aug. -0.40 -0.39 -0.32 -0.34 -0.35 -0.31
Sep. -0.36 -0.31 -0.34 -0.36 -0.33 -0.34
Oct. -0.34 -0.30 -0.35 -0.31 -0.32 -0.30
Nov. -0.32 -0.32 -0.31 -0.34 -0.31 -0.31
Dec. -0.32 -0.35 -0.33 -0.31 -0.35 -0.33

Table 1: Monthly barometric coefficients.

Figure 1 shows the filtered cosmic ray data with a time
resolution of fifteen minutes for the period 2006-2011.

4 Results
The data of cosmic rays, pressure, lightnings and precip-
itation were grouped monthly and were separated in two
groups: data with precipitation in more of 69% of the ar-
ray and without precipitation. Figure 2 shows the data of
pressure and cosmic rays, there we can see that the pressure
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Figure 2: Monthly distribution of anomalies greater than ±
2σ in days without precipitation. a) atmospheric pressure
data; b) UCR data; and c) CCR data.

variation influence is evident in the data of uncorrected cos-
mic rays(UCR), for this the quadratic correlation coefficient
was 0.77, while that for corrected cosmic rays (CCR) was
0.09. The quadratic correlation coefficients are shown in
table 2.

Pres. CCR UCR Prec. Lightning
Pres. (I) 1 0.09 0.77 – –
CCR (I) 0.09 1 0.08 – –
Pres. (II) 1 0.83 0.91 0.79 0.65
CCR (II) 0.83 1 0.70 0.63 0.78

Table 2: Quadratic correlation coefficients for: atmospheric
pressure and each variable and CCR and each variable. (I)
days without precipitation; (II) days with precipitation.

In days with precipitation the pressure variations influ-
ence is present in both series of cosmic rays, this indicate
that a second order atmospheric effect on cosmic rays ex-
ists. The quadratic correlation coefficients were 0.91 for
UCR, and 0.83 for CCR. In figure 3 we show the monthly
distribution in days with precipitation.

The distributions of lightning and precipitation presented
strong quadratic correlations with the atmospheric pressure,
this was 0.65 for lightnings, and 0.79 for the precipitation.
Probably this two factors are the main drivers of the second
order pressure variations. The comparison of this variables
with CCR showed a correlation that is not negligible, the
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Figure 3: Monthly distribution of anomalies upper to ± 2σ

for days with precipitation. a) atmospheric pressure data; b)
UCR data; and c) CCR data.

correlation coefficient of the lightnings with CCR was 0.78,
and for the precipitation with CCR was 0.63. In figure
4 we show the comparison of CCR with lightnings and
precipitation.

The quadratic correlation coefficients between CCR
with pressure, lightnings and precipitation are evidence
of the existence of a second order effect on CCR, these
results are not a surprise, on the other hand the lightnings
are a manifestation of the big atmospheric electric fields
present in the thunderclouds, these fields have the capacity
of accelerate or decelerate charged particles, producing
variations in the cosmic rays.

To verify that both variables (lightnings and precipita-
tion) are the causes of variations in the cosmic rays we cal-
culated the spectra of the 2191 days (2006-2011), approx-
imately 9% of this data were taken when there was rain
precipitation in more than 69% of the array, a 25% did not
show precipitation and a 66% presented scattered precipita-
tion, in an area significantly lower to 69%. In figure 5 we
show the spectra for a typical day without precipitation and
in figure 6 a typical day with precipitation. In these figures
the upper panel shows the high frequency data corrected
and normalised, the left lower panel in colour scale is the
spectrogram (wavelet spectrum) showing the time evolution
of the different periodicities whose importance is colour
coded, the limiting curve dithering is the cone of influence
(COI), this is region of the wavelet spectrum where edge ef-
fects become important, and is defined here as the e-folding
time for the autocorrelation of wavelet power at each scale;
in the right panel we present the global spectrum over the
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Figure 4: Monthly distribution of anomalies upper to ± 2σ

in days with precipitation. a) CCR data; b) lightnings data;
and c) precipitation data.

24 hours considered, there is a dotted line indicating the red
noise to 95% confidence level.

Figure 5 shows variations lower to 1σ , in this day a small
trend is observed, that is not significant, the periodicities
observed are approximately 1, 2, 4, 6 and 8 hrs., these
are probably harmonics of the diurnal variation of the
electric field [11] or could be related to a light and gentle
wind. Reiter [12] found that the atmospheric electric field
might be due to charged particles and ions in the air that
generally tend to have a net positive charge under fair
weather conditions. Thus, the field is directed vertically
downwards and has a value between 100 and 200 V/m at
the ground.

In days with precipitation we observe trends that are
connected directly with the duration of the precipitation or
lightnings. Figure 6 shows a typical day with precipitation,
in the registers of precipitation there is rain between 3 and
6 hours, and afterwards between 15 and 21 hours, there are
registers of lightnings around 19 to 21 hours. It is important
to remember that the time resolution of the precipitation
data is 3 hours, and the lightning data depend on the satellite
being above the array, in this particular day there was a
coincidence. In the spectrogram we can see that inside of
the COI there are three contours that correspond to the
precipitation and to the lightnings, in this two components
may be appreciated: a of low frequency that is connected
with the precipitation and other of high frequency that is
linked to the lightnings, as was observed with data from
the Mexico City Neutron Monitor by Alvarez-Castillo and
Valdés-Galicia [6].



ATMOSPHERIC EFFECTS OF SECOND ORDER ON COSMIC RAYS INTENSITY
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

  

Figure 5: Wavelet spectrum of the fifteen minutes counting
rates average of all surface detectors for a typical day
without precipitation, occurred the 22 of May of 2007.

  

Figure 6: Wavelet spectrum of the fifteen minutes of aver-
age counting rates of all surface detectors for a typical day
with precipitation, occurred the 25 of January of 2008.

We may speculate that the low frequency is due to the
precipitation, is because it carries with it unstable particles
that decay and contributed to the changes in flow of the soft
component of the cosmic rays [[13]; [14]; [15]]; further-
more, the thunderclouds that affect large part of the array
are multi-cell and super cell, whose duration of some hours.
Other factor intrinsic in the precipitation is the wind veloc-
ity within the cloud, that can transport particles and gener-
ate small charge concentrations producing variations in the
cosmic rays, Rasmussen [16] made a series of simulations
which showed that increasing the wind speed increases the
ability to drag particles, ions, charged aerosols and dust.

In reference to that the lightnings are the compo-
nent of high frequency, MacGorman in [17], showed
the following expressions to describe the conductiv-
ity measurements and the ratio of conductivity with
height: σ+(z) = 3.33x10−14e0.254z−0.00309z2

and σ−(z) =
5.34x10−14e0.222z−0.00255z2

. The total conductivity is the
sum of the negative and positive ions: σtot(z) = σ+(z)+
σ−(z). The conductivity of the atmosphere has relaxation

time, this is the time for an isolated charged object to
become i/e of its original charge. The relaxation time is
given by τ = ε/σtot , where ε is the permittivity of the air
(8.86x10−12F/m). Nearly all the charge will be gone from
the object within about 5τ . Just above the ground in fair
weather, τ ≈ 7 minutes, for 5τ ≈ 35 minutes. Therefore,
the variations of minutes found here could well be related
to these electric field transition.

5 Conclusions
The atmospheric variations in the cosmic rays during thun-
derstorms or rainstorms are not corrected using the tradi-
tional method of correction, due to the existence of a sec-
ond order effect in the atmospheric pressure produced for
the precipitation and lightnings.

During storms, the cosmic ray variations are of two types:
an of some hours and of some minutes. The first can be
linked to the rain and the second to the electrical activity
of the storm that is caused by atmospheric electric fields.
Other authors have found similar variations in other places
using different detectors[[3], [4], [13], [14], [5] and [6]].
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