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Abstract: Gamma radiation measurements integrated between 200 keV and 10.0 MeV were performed between 03/07/2017 and
05/24/2017 from a tower of 25 meters of altitude in the region of São José dos Campos, SP, Brazil. Throughout this period, there were
9 intense and moderate rains with 11 arrivals of cold fronts coming from southern Brazil. Through measurements of gamma radiation
integrated in the energy range mentioned above, the presence of these meteorological parameters and their variations in the region can
clearly be observed. Through a potential calibration between the measured gamma radiation intensity and the observed rainfall intensity,
it is possible to monitor rains by time interval using this gamma ray detector. Another very important parameter for the region consists
of monitoring the number of passages of cold fronts that interfere in the local climatology. This low-cost, easy-to-operate technique can
be applied and used in any tropical and equatorial region of the earth’s surface.
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1. Introduction
The ionizing radiation, present on the earth’s surface,
as well as, the ground/air interface, depends on the
presence of cosmic radiation and telluric radiation [1].
Ionizing radiation can also be produced by man, called
artificial radiation, for application in industry,
medicine and dentistry, as well as, employed in
military devices. This artificial radiation and other
applications are usually controlled in specific regions
or locations [2]. Cosmic radiation is produced on earth
as well as its gaseous atmosphere through interactions
(particles/photons) of very high energy of
extraterrestrial origin with the earth’s environment [3,
4]. This radiation produced near the earth’s surface is
termed secondary cosmic radiation [5, 6]. It varies
depending on the vertical height and latitude of earth.
The intensity of this secondary cosmic radiation is

Corresponding author: Inacio Malmonge Martin, Ph.D.,
main research fields: ionization radiation, solar physics and
earth atmosphere.

maximum at the poles and minimal at the earth’s
equator [7]. In relation to the vertical height, it is
maximum at 16 km which is called the Pfotzer
maximum and minimum near the surface and at
altitudes superior to 40 km. With regard to telluric
ionizing radiation, its intensity depends on the regions
of the earth’s surface. It was formed during the creation
of the earth and is present to this day. Its radiation
comes from the three series of decay, that is, 238U, 232Th
and 40K [8, 9]. Radon gas (Rn-222) from the set of 238U
through its daughters 218Po, 214Pb and 214Bi emit alpha
particles and gamma rays at the site. These are the main
known sources of the presence of ionizing radiation on
the earth’s surface [10, 11].

2. Material and Methods
The gamma ray detector for the energy range of 200
keV to 10.0 MeV consists of a scintillating crystal of
Thallium-doped Sodium Iodide. This crystal is directly
coupled to a photomultiplier that records the signals
coming from the scintillator and with amplification
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in terms of energy and counting intensity per minute at
the ITA (Technological Institute of Aeronautics)
experimental physics teaching laboratory using
radioactive sources.

3. Results

Fig. 1 View of the gamma scintillator with associated
electronics and computer.

with a digital analog converter is registered by a
computer [12]. This experimental set is seen in Fig. 1
located in the inner room of a tower 25 meters high in
relation to the ground.
The scintillator coupled to the photomultiplier is
wrapped in a thin layer of aluminum to make it portable.
The set (scintillator + associated electronics + data
acquisition) only depends on a laptop with a charged
battery to measure radiation for up to 5 continuous
hours. However, for series of long measurements,
electrical grid or photovoltaic energy is used. The
scintillator and associated electronics were calibrated

Fig. 2

Measurements were performed between 07/03/2017
to 24/05/2017 at the same location shown in Fig. 1, in
the 25-meter high ACA/IAE (Division of Atmospheric
Sciences/Aeronautical and Space Institute) tower [13].
The interval between each measurement was set at 1
minute. Therefore, it was possible to verify periods of
rain and the dynamic of cold fronts in the region. Fig. 2
shows during this whole time nine rains and eleven
intense and moderate cold front passages.
Fig. 3 shows a zoom near the interval of 70,000
minutes after the beginning of the measurements,
where a cold front passes in the region culminating
with an intense rain caused by that front. During near 5
days, there was a small increase of the local gamma
radiation, causing at the end of these five days an
intense rain. This established meteorological dynamic
is well observed in the region, in this period of time
between five and seven days, causing rain and cloud
covering less or more intense.

Measurements of gamma radiation showing rainfall and cold fronts in the period of 03/07/2017 to 05/24/2017.
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Fig. 3
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Radiation dynamic measured during the cold front passage producing an intense rain and drizzle.

Fig. 4 Cold front passage with change of radiation profile by cloud coverings between 51,500 to 52,000 minutes from the
start of measurements.

Fig. 4 shows the dynamic of another cold front that
develops and ends only with cloud cover, causing no
rain in the region.
A typical case of the formation and passage of the
cold front is one that, in the last two days before rain,
there is a great increase of local temperature. This
meteorological phenomenon causes an increase of

gamma radiation during the day and a decrease during
the night, as shown in Fig. 5. The day/night cycles are
caused by greater or lesser exhalation of the radon gas
from the soil, therefore, contributing to a greater or
lesser amount of gamma radiation observed at the
measurement site.
Between the 84,000 and 86,000 monitoring times,
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seen in Fig. 5, there was cloudy and drizzly weather in
the region. This change of state in weather can be seen
in the curve of the intensity of gamma radiation
measured, as indicated in Fig. 5. On the contrary, when
the weather becomes cloudy and it rains every day with
varying intensity, the typical curve of radiation
measured is shown in Fig. 6. Between the time of

measures 104,500 and 105,800 minutes, there are 5
varieties of rains with different intensity.
In the period shown in Fig. 6, the weather pattern
was overcast and with drizzles, so the measured
radiation curve does not show day/night variation
indicating equal exhalation of the radon gas by the
terrestrial surface. In Fig. 7, the rainfall spectrum was

Fig. 5 Day/night variation in the local radiation dynamic due to the increase in temperature before the arrival of the cold
front and the rain.

Fig. 6

Rainfall during the whole day and during half a day with different intensities.
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Fig. 7
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Rainfall intensity per minute between 03/07/2017 and 05/24/2017.

plotted from minute to minute, from 03/07/2017 to
05/24/2017, measured at the same location of the
gamma radiation detector at the top of the tower. It is
thus possible to compare existing rains and variations
of gamma radiation measured at the same site.
In Fig. 7, it can be observed that the last rain plotted
when expanded, in fact, indicates the presence of two
rains of greater intensity than the drizzles, separated by
a time of 4 minutes. In terms of measured gamma
radiation, this is also evidenced as shown in Fig. 6.
Checking Figs. 2 and 6, authors can see a positive
correlation between rainfall intensity and gamma-ray
intensity variation measured at the same site during
03/07/2017 until 05/24/2017.

4. Conclusion
It was determined in this work that the gamma
radiation measured between the energy interval of 200
keV and 10.0 MeV shows the climatic conditions of the
region in terms of the passage of cold fronts and rains.
This correlation is evidenced by the presence of radon
gas (Rn-222), which is in the equatorial and tropical
regions exhale from the terrestrial surface because of
temperature. On hot and dry days, this gas appears
more intense exactly at local noon and less intense at

local midnight. During intense rains arriving through
cold fronts, the presence of the gas is increased in the
lower atmosphere by the washout phenomenon.
Continuous rains of low intensity do not allow the
exhalation of radon gas from the soil making the
radiation constant in that place during that period. In
general, the cold fronts, since its formation in the south
American continent or southern Brazil until its arrival
in the region of São José dos Campos, increase the
concentration of local radon gas. The reason for this
dynamic of radon gas increase is not yet well explained
by researchers in the field. By means of precise
measurements using intervals of minutes measuring the
intensity of rains and the gamma radiation in the energy
range described above, it was possible to
experimentally observe the correlation of gamma
radiation versus the arrival of cold fronts and rains in
the region.
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