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Abstract We have carried out a preliminary study of the relationship between local 
seismicity and the behavior of atmospheric temperature and humidity based on data 
from the local seismic catalog and archival data from the Karimshina observatory 
in Kamchatka. The chemical potential of water vapor molecules contained in the 
surface layer of the atmosphere was used as a measure of the impact of seismic 
processes on the atmosphere. Following the accepted terminology, we call it the 
atmospheric chemical potential (ACP), which is calculated from the air temperature 
and humidity. ACP supposedly increases in the process of air ionization by radon (Rn) 
which is released during the enhancement of seismic activity. It is assumed that Rn 
rises to the surface more intensively along seismic faults or volcanic fumaroles. Air 
ionization leads to a decrease in the air humidity and an increase in its temperature, 
and eventually results in an increase of ACP. We have subtracted the 30-day moving 
average of the ACP from its time variations to better reveal the ionization contribution. 
Thus, intervals of increased ACP were found in the temporal vicinity of earthquakes. 
The duration of these intervals ranged from a week to a month or more. The maximum 
response of the atmosphere to deep earthquakes is weaker and shifts closer to and 
beyond the date of a seismic event. The effect was more evident when the wind was 
directed from an expected Rn release region towards the observatory. We have not
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found a relationship between the magnitude of earthquakes and the magnitude of the 
ACP response. The reliability of these conclusions as well as the possibility of using 
the meteorological methods for earthquake prediction will be further examined. 

Keywords Seismogenic meteorological phenomena · Radon Emanation · Air 
ionization · Atmospheric chemical potential · Earthquake preparation process ·
Earthquake prediction 

1 Introduction 

Despite the promising prospects for predicting earthquakes (EQs) based on electro-
magnetic phenomena [1–3], they are difficult to implement in regions with a high 
population density and a high level of electromagnetic interference. That is why it is 
important to look for other types of phenomena associated with seismicity, but less 
sensitive to electromagnetic interference. In this study, we examine response of the 
atmospheric chemical potential (ACP) to Kamchatka EQs. It was suggested that an 
increase in ACP caused by ionization of the air by radon Rn which is released during 
the enhancement of seismic activity. It is assumed that Rn lifts to the surface through 
faults in the Earth’s crust [4] or volcanic fumaroles. Ionization by Rn was consid-
ered as a key player in the lithosphere-atmosphere–ionosphere coupling process 
[5–11]. These studies and references in them indicated the possibility of using this 
phenomenon to predict EQs. 

However, natural diurnal and seasonal fluctuations in atmospheric parameters, 
rainfall, snowstorms, and wind can prevent reliable detection of the seismic-
associated meteorological phenomenon. This study provides examples of detecting 
an increase in ACP in the temporal neighborhood (from a few days to a few months) 
of EQs and illustrates the properties of the phenomenon. We also examine the influ-
ence of the wind direction and velocity on the visibility of the effect and try to find 
a relationship between the magnitude of EQs and that of the ACP response. 

This paper is organized as follows. The collection of seismic and weather 
data and their processing are presented in Sect. 2, and observational results are 
shown in Sect. 3. Finally, in Sect. 4 we discuss observational results and make 
recommendations for future research. 

2 Data, Physical Background, and Processing 

We took EQ data from the local Kamchatka catalog (https://sdis.emsd.ru/info/ear 
thquakes/catalogue.php). The meteorological data were obtained at the Karimshina 
Observatory (KRM) with geographic coordinates 52.8° N, 158.15° E. 

The chemical potential of water vapor molecules contained in the near-surface 
layer of the atmosphere was suggested as a diagnostic parameter [8]. In classical

https://sdis.emsd.ru/info/earthquakes/catalogue.php
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thermodynamics, the chemical potential for a mixture of gases is found from the 
relationship between the differentiation of internal energy U , entropy S, volume V , 
temperature T , gas pressure p, and the number of particles in the gas Ni : 

dU = TdS − pdV +
∑

i 

μidNi (1) 

where index i indicates the number of gas in the mixture. Hence it follows that 

μk=
(
dU 

dNk

)

T,V,Ni �=k 

(2) 

From the relationships (1, 2) a correction to the chemical potential of water vapor 
molecules can be obtained, which is the binding energy of water molecules with an 
ion to which it is connected via the hydration process [12]

�U(eV) = 5.8 × 10−10 (20T + 5463)2 ln

(
100 

Hum

)
(3) 

Here T is air temperature in °C, and Hum  is relative humidity in %. The authors 
[12] called �U the atmospheric chemical potential (ACP), and this notation is used 
in this work as well. 

We analyze the relationship between the maximum daily values of ACP and 
seismicity. To do this, we use the maximum daily temperature Tmax and minimum 
daily humidity Hummin. We then compare these values with the local seismicity, 
which is characterized by the local seismicity coefficient KLS . This coefficient is 
proportional to the EQ energy and inversely proportional to the distance R (in km) 
to the epicenter [3]: 

KLS = 100.75ML 

10(R + 100) 
(4) 

where ML is the EQ local magnitude. 
Previous experience [2, 7] has shown that meteorological phenomena caused by 

seismicity are rather short-lived—their duration is several days, whereas ordinary 
meteorological phenomena, as well as ACP, are subjected to seasonal variations. 
Therefore, to improve the detection of short-lived anomalies, we have subtracted the 
30-day moving average from the original data. As a result, we have obtained the ACP 
variations δ( AC P), which are calculated as follows: 

δ(ACP)i = ACPi − 
1 

N 

j=i−1∑

j=i−N 

ACPj (5)
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Fig. 1 The evolution of maximum daily temperature (upper panel), and minimum daily humidity 
(second panel). The third panel refers to the variations of ACP together with its moving average 
(dashed blue line), and the bottom panel refers to the detrended variations δ(AC P) 

Here ACP is the atmospheric chemical potential value for i-th date, and N is averaging 
interval equal to the number of preceding days. 

Figure 1 shows an example of such calculations of the Karimshina data for the 
period of 6 months. Here, the evolution of maximum daily temperature Tmax is 
depicted in the top panel, and the next panel dispalays the minimum daily humidity 
(Hummin). The third panel shows the evolution of ACP together with its 30-day 
moving average curve (blue dashed line). The bottom panel shows the detrended vari-
ations δ(AC P). Further, we will be interested only in its positive values δ(AC P)pos , 
which correspond to the process of condensation due to air ionization. 

3 Results 

Figure 2 illustrates the reaction of the local atmosphere to the seismicity of 
Kamchatka during half a year period from November 2014 to April 2015. The 
evolution of seismicity, maximum daily air temperature, and minimum humidity
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Fig. 2 Semi-annual evolution of meteorological parameters depending on seismicity. Evolution 
of seismicity is depicted in the top panel, temperature on second, and humidity in the third panel. 
Variations of ACP and it’s running average are shown in the fourth panel. The δ( AC P)pos variations 
are depicted in the bottom panel. Map of the region under study is shown on the right. The EQ 
epicenters are denoted by color circles. The colored bar below the map shows the corresponding EQ 
depth. The panel to the right with yellow circles reflects the correspondence between the diameter of 
the circles and local EQ magnitudes. Thick gray lines indicate the position of the Kuril-Kamchatka 
and Aleutian trenches 

are presented in the first to third panels, respectively. Panel 4 shows the evolution 
of the ACP and its moving average. The positive variations of ACP relative to the 
moving average are displayed in the bottom panel. The figure reveals six intervals 
of increased ACP, and all of them are found to correspond to the time intervals with 
an increased seismic activity. A map of 800 km around the Karimshina observatory 
with the seven most significant EQs is shown on the right. 

In Fig. 3 we compare the ACP and δ( AC P)pos responses to a deep EQ (2015/10/ 
16, ML = 5.9, Depth = 295 km) and a relatively shallow EQ (2015/10/14, ML = 
6.1, Depth = 42 km). This comparison shows that there is delay in the δ(AC P)pos 
response for a deep EQ as compared with that for a shallow EQ.

Figure 4 illustrates the effect of wind direction on the ACP variations. Here the 
presentation of panels is the same as before, except for the fourth panel which 
shows the evolution of the average daily wind direction and its speed. One can see a 
clear decrease or even disappearance of the δ(AC P)pos variations when the wind is 
directed towards the EQ (wind direction of 0 ± 45°). This result also shows that the 
detection zone of meteorological seismogenic phenomena exceeds the dimensions 
of the EQ preparation zone calculated according to Dobrovolsky’s relationship and 
equals in this case to ~280 km. This EQ occurred at a distance of ~ 420 km.
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Fig. 3 Comparison of the δ(AC P)pos responses for deep and shallow EQs. Here the format is the 
same as in Fig. 2. The  δ( AC P)pos response for the deep EQ is delayed relative to EQ date compared 
to the shallow one

Figure 5 illustrates the observational results for the Zhupanovsky EQ with ML = 
7.1 that occurred on 30 January 2016. Additionally, the figure presents the seismo-
ionospheric ULF depression, that is the inverse magnitude of the band-integrated 
(0.01–0.03 Hz) spectral power [1–3]. The figure shows that a significant ULF power 
depression occurs simultaneously with the enhancement of δ( AC P)pos about 80 days 
before the EQ. Both seismogenic phenomena occur almost simultaneously.

4 Discussion and Conclusion 

Anomalous variations in meteorological conditions close to an epicenter zone before 
EQs were noticed even in early studies. For example, the Ashkhabad EQ of October 
5, 1948 with M = 7.3 occurred after a long period of decrease in annual precipitation 
that had started in 1930 [13]. During 90 years of observation (1892–1981), the year of 
the EQ was the driest. No similar effect has been recorded at meteorological stations 
in other regions. The air temperature rose over a long period before 1948 and fell 
subsequently. Also, the warming that started about a year before Tashkent in 1984
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Fig. 4 The wind effect on the δ( AC P)pos variations. Format is the same as Figs. 2 and 3, but  
the fourth panel shows the evolution of the average daily wind direction and its speed. Variations 
δ(AC P)pos decreases when the wind is directed away from the observation point towards the 
epicenter (wind direction 0 ± 45°)

and Gazli in 1976 EQs were noticed. Many non-professional observers noticed that 
a peculiarity of periods preceding EQ was low cloudiness and fair weather. 

Another indication on the influence of the seismic processes on the near-Earth 
atmosphere and meteorological processes was found upon investigation of the cloudi-
ness in seismo-active regions with the use of Earth imagers from meteorological satel-
lites [14]. Analysis of images from NOAA-11, -12 satellites showed that linearly 
extended clouds above Asia continent were associated with active tectonic faults. 
Mostly, cloud anomalies occurred at some distances from epicenters before and after 
EQ. Analysis of cloudiness at altitudes 0.5–6 km above Middle Asia from “Meteor” 
satellite showed either a formation of a cloud row or a sharp dissolvent of cloudiness 
above regional faults [15]. However, those early results did not get much attention, 
because of a lack of any reliable physical model during those times to interpret the 
meteorological observations. Nowadays, there appeared ever mounting number of 
evidences of a key role of radioactive emanations (e.g., Rn) in seismo-atmospheric 
coupling. 

In this study, we have attempted to improve the detection of seismogenic atmo-
spheric impact caused by the release of radon during the preparation process of 
EQs and tried to determine properties of this effect. As an impact parameter we



244 A. Schekotov et al.

Fig. 5 Evolution of seismicity (upper panel), ULF seismo-ionospheric depression (middle panel), 
and δ( AC P)pos variations (bottom panel) before the Zhupanovsky EQ with ML = 7.1 and 
hypocenter depth 178 km

have used the potential of water vapor (ACP), calculated from the temperature and 
humidity of the air (Eq. 3). We have detrended variations relative to its 30-day moving 
average to remove background seasonal trend. The preliminary found properties of 
the meteorological response are listed below: 

The removing of the ACP trend makes it much more reliable to detect its increase 
caused by a seismic activity; 

– The increase in δ(AC P)pos can outpace the date of a future EQ from several days 
to several weeks; 

– The time of the δ(AC P)pos increase may coincide with the seismo-ionospheric 
depression of the ULF power; 

– A delay in the δ(AC P)pos response for deep EQs with respect to shallow ones 
was found; 

– The wind in the direction from the epicenter towards observation site increases 
the δ(AC P)pos value and vice versa. 

These conclusions were made thanks to the subtraction of the ACP trend, which 
has not been used by other authors [7] when processing meteorological data. As 
a result, this improvement in the analysis procedure enabled us to detect previ-
ously unknown atmospheric response properties. The search for seismic-related 
anomalies was also facilitated by the use of daily data of maximum temperature 
and minimum humidity, which made it possible to avoid interference in the form of 
diurnal fluctuations of these parameters.
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We also concluded that the use of ACP is not very much justified for detecting 
seismogenic effects in the atmosphere, at least at Kamchatka. We believe that it is 
better to use variations in the inverse value of humidity (~1/Hum). First, as follows 
from the ACP expression (3), the effect of temperature on the result is insignificant. 
Moreover, seismogenic temperature variations are rare and small (see 2nd panel of 
Fig. 6). The main result of air ionization by radon emanation is a noticeable decrease 
in humidity, but its influence on ACP is weakened by the log-dependence in (3). 
Confirmations of this can be seen in Fig. 6. 

Figure 6 displays a comparison of methods for detecting seismogenic effects on 
the atmosphere using the chemical potential (3) and just inverse humidity. Here, 
the top panel, as before, shows the evolution of local seismicity with KLS  index.

Fig. 6 Comparison of the use variations of ACP and inverse humidity for the detection of seismo-
genic weather phenomena. The top panel shows the evolution of seismicity, the second panel gives 
variations of maximum daily temperature, negative variations of humidity and its inverse values 
are shown on 3rd and 4th panels, and the bottom panel shows the evolution of the δ(AC P)pos 
parameter 
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Variations of maximum daily air temperature are shown on 2nd panel. Negative 
variations of humidity and its inverse values are shown on 3rd and 4th panels. The 
bottom panel shows variations δ(AC P)pos . A comparison of the two lower panels 
indicates that the inverse magnitude of humidity is somewhat better than ACP for 
detecting air ionization. At this time interval, positive changes in temperature are 
observed, which do not coincide in time with a decrease in air humidity caused by 
radon ionization. Perhaps this is why the account of the influence of temperature 
hampers the detection of the phenomenon using ACP. 

Despite the apparent correspondence of seismogenic responses to six most signif-
icant EQs, this result does not yet give us the right to assert the possibility of using 
this phenomenon for the EQ prediction. This interval was chosen when the elec-
tromagnetic precursors were slightly ahead of the events themselves. At the same 
time, Fig. 5 shows an example of an EQ, when the atmospheric and electromagnetic 
responses appear about 80 days before the EQ. To conclude that this phenomenon 
can be used for EQ prediction, it is highly required to examine statistical relation-
ship between the atmospheric response and the parameters of the seismic processes 
that caused them. Furthermore, changes in humidity and air temperature caused by 
cyclones and typhoons mask seismic-induced increases in ACP.Wewill  try to resolve  
these issues during further research. The direct comparison of variations of the mete-
orological parameters and Rn fluxes in boreholes and in the air will be provided 
elsewhere. However, according to some published measurements of Rn flux before 
EQs, its intensity is insufficient for the appearance of noticeable meteorological 
effects. Recently episodic measurements of Rn on local faults have begun, and we 
hope to see more encouraging results. 
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