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Abstract. In this paper, we report the observation of a electrical field (AE) during earthquakes. This paper stim-
significant decrease of the vertical component of the atmo-ulated the development of models that relate AE variations
spheric electrical field in thEvora region (Portugal) during  with radon released during earthquake preparation stages,
the M = 4.1 Sousel earthquake of 27 March 2010. The epi- (Liperovsky et al., 2008; Omori et al., 2009). In particular,
centre of the earthquake was 52 km from the observation siteHarrison et al. (2010) related possible atmospheric electrical
which falls within the theoretical earthquake preparation ra-field anomalies during earthquake preparation with surface
dius. A simple interpretation based on hypothetical radonair ionisation caused by radon emanations. Moreover, Fre-
emissions is presented, and future experiments required tand et al. (2009) presented the possibility that enhanced air
elucidate these observations are outlined. To our knowledgepnisation (with consequent atmospheric electrical perturba-
this is the first reported observation of a decrease of the attions) results from charge generation in the stressed rock vol-
mospheric electrical field preceding an earthquake. ume followed by positive charge flows that travel kilometre-
scale distances to reach the surface and ionise the air within
the boundary layer.

Itis clear that AE anomalies are candidate electromagnetic
seismic precursors for the prediction of earthquakes; how-

. h . ith sei ever, from our perspective, direct systematic pre-earthquake
In recent years, various phenomena associated wit SeiISMIgE measurements are lacking. Various reports of atmo-

events have been discussed in the literature. These reporte@hyeric electrical field anomalies can be found in the litera-

occurrences include unusual ultra-low-frequency electroy, e (g g Kachakhize et al., 2009; Smirnov, 2008), although
magnetic emissions (ULF) (Bleier et al., 2009), anomaliesy, ¢jear conclusions have been drawn at this time. Thus, we

in very-low (VLF) and low-frequencies (LF) radio transmis- yqjieve that in the near future, a deeper inspection of AE vari-

sions (Biagi et al., 2009), variation of the ionosphere total yiiqng is required because these studies could be critical for

electron content (TEC) (Chauhan etal., 2009), atypical emisqptaining a better comprehension of seismo-electromagnetic

sions of infrared radiation (IR) (Ouzounov et al., 2007), and ypanomena
anomalous levels of various geochemical elements (radonin |, ihis work. we present the observation of a significant
particular) in the earthquake preparation zone (for a revieWyecrease of the vertical component of the atmospheric elec-

of this complex topic, see Toutain et al., 1999). trical field (VAE) that occurred irEvora (Portugal) directly

~ More than 30yr have passed since the publication of anyrior to the M = 4.1 Sousel earthquake of 27 March 2010.
important article by Pierce (1976) that demonstrated the posThe observation is reported, followed by analysis and inter-

sibility of a significant ¢- 30%) decrease in the atmospheric yretation. Preliminary conclusions and plans for future work

are also discussed.
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Fig. 2. Atmospheric electrical field data for thievora region from

27 February 2010 to 27 April 2010. Thd = 4.1 Sousel Earth-
quake that occurred on 27 March 2010 (51.8 km from the sensor) is
represented by a red star. The dotted blue lines indicate the duration
of the VAE decrease.
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a significant decrease of the VAE, as shown in Fig. 2. The
decrease lasted for nearly 4 days, during which the VAE did
Fig. 1. Map indicating the locations of the sensor (red diamond) andpgt exceed 20V mt, a value much smaller than the typi-
the earthquake epicentre (orange circle). The green circumferenc8a| mean daily fair-weather VAE that ranges from 70 vim
represents the earthquake preparation zone (see the text). to 110V 7L (Serrano et al., 2006). Moreover, the Sousel
earthquake occurred approximately 3 days after the com-
mencement of the VAE decrease.

Interestingly, the decrease of the VAE shared some com-

The earthquake that occurred on 27 March 2010 in SouseMon features with the radio transmission decrease reported
(Portugal) had an epicentre at®3812’ N and 73636 W by Biagi and co-workers in other studies (Biagi et al., 2007),
at a depth of 15km and a magnitude df, = 4.1 (in- with the difference that radio transmission decrease could
formation was procured from the Instituto de Meteorolo- last up to 10 days. However, a direct relationship between
gia database, Portugal). The VAE sensor was a Keithleythese observations was not clear because in our case, the VAE
model JCI 131 electrometer installed at the University of measurements were restricted to local low atmosphere elec-
Evora (3834 N, 7°54 W, 300 m above mean sea level). This trical fields. In contrast, the observations of Biagi et al. were
equipment has been in operation since February 2005 untipased on radio wave propagation in the Earth-ionosphere
the present day (an initial testing period from December 2003vaveguide, and thus, would have been sensitive to pertur-
to October 2004 was also recorded). In this study, only thebations in the ionosphere. It is possible that differences in
period from January 2007 to December 2010 was considthe duration of decrease events were related to the magnitude
ered. The sensor was prepared for continuous monitoring of the earthquakes involved (high magnitude earthquakes are
the VAE and used four scales: 2, 20, 200 and 2000k¥m expected to produce more noticeable effects), but were also
with automatic commutations and corresponding sensitivityaffected by the epicentre distance to the VAE sensor in the
thresholds of 0.1, 1, 10 and 100kVt respectively. A  present case and the distance to the wave path, in the case of
more detailed description of this equipment is presented irBiagi et al. (2007). It is important to note that the anomalies
Silva et al. (2011). The distance between the VAE sensorreported by Biagi et al. were correlated with earthquakes of
and the earthquake epicentre was approximately 52 km. 1M > 5.0, whereas the magnitude was smaller for the earth-
Fig. 1, we present a map with the locations of the sensouake reported here.
(red diamond) and the earthquake epicentre (orange circle). Weather conditions are also a fundamental aspect of AE
In addition, the area within the green circle represents themonitoring because only fair-weather days must be consid-
earthquake preparation zone (see below). ered (Kachakhize et al., 2009). Weather conditions recorded
Inspection of data for the period from one month be- at the observation site during the Sousel earthquake AE de-
fore until one month after the seismic occurrence revealedtrease event are plotted in Fig. 3. These weather data show

2 Observations
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Fig. 3. Weather conditions during the two month period in which

the Sousel earthquake occurred. The dotted blue lines indicate thgIg 4. Atmospheric electrical field data for ttiévora region from
duration of the VAE decrease. 1 December 2008 to 31 January 2009. During this time, an AE
decrease event occurred. The dotted blue lines mark the VAE
decrease, and the red circles show instrument malfunction events

that temperatures were in the range 6{5to 20°C (typical where no data were registered.

for that time of year), precipitation values were low, rela-
tive humidity varied from 40% to 100%, and wind velocity
ranged from nearly 0 to 4.5m8. Such values fit a rea- . E E i el
sonable description of fair-weather conditions and empha- L s
sise that the cause of the VAE decrease was likely not relate: N

to weather perturbations. In addition, no anomaly in radi-
ation data (global solar radiation, near-IR radiation, photo-
synthetic active radiation, ultraviolet radiation, atmospheric
radiation and diffuse radiation; not shown) was detected dur-
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ing the decrease event. Finally, no anthropic disturbance o
equipment malfunction was found to be associated with this

anomaly. In fact, when a sensor malfunction occurs, data ar.. ©
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not registered, as shown in Fig. 4 (e.g., the two red circles ir§§ 40 i
where no data were recorded). % X b L
It is important to mention that this anomaly was not §
unique. Three other similar decreases, each less intens ° " %
and lasting longer than the Sousel earthquake AE decrease,
were found in the studied period. Moreover, these other derjg 5. weather conditions during the period of 1 December 2008
creases could not be associated with any noticeable eartho 31 January 2009. The dotted blue lines indicate the duration of
quake. For example, a VAE decrease occurred during thehe VAE decrease.
period of December 2008 to January 2009, as indicated by
blue dotted lines in Fig. 4. The weather during this event
also fits a reasonable description of fair conditions, as showrgstimate the radius of such regionsias 10°43”, wherem
in Fig. 5, thus excluding meteorological events as causes ofs the magnitude of the earthquake. The apphcatlon of this
the anomaly. No significant seismic events occurred in thisformula to the Sousel earthquake gave a radius of approx-
period, and associations with other events were not foundimately 58 km; this value slightly surpasses the distance of
The VAE decrease during December 2008 to January 2009 igur VAE sensor to the epicentre (52km), and thus the sen-
discussed below. sor was within the earthquake preparation zone (see Fig. 1).
Consequently, any geological processes that affected this re-
gion, such as gas emanations, could also disturb the mea-
sured AE. The sensor was located in Ea®ra region where
According to the concept of Dobrovolsky et al. (1979), earth- gneisses, granitoids and migmatites are abundant. These are
quake preparation zones can be approximated as areas bigh-grade metamorphic rocks derived from lithologies sim-
elastic crustal deformation, and therefore it is possible toilar to granites. Moreover, this lithology is the same as that
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3 Discussion
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of the Sousel region (where the earthquake occurred), and Conclusion and future work

no significant fault or any drastic geological feature, which

would strongly perturb the tension fields, exists between theTo our knowledge, this report provides the first clear evi-
Evora and Sousel regions. Thus, this morphology indicatesience of a decrease of the vertical component of the atmo-
that radon emanations from the lithosphere are likely to oc-spheric electrical field in the preparatory stage of a seismic
cur due to rock microfracturing processes. Radon emanaevent. These observations support the idea that radon ema-
tions occur as a sudden release of this gas associated witiations are the mechanism behind this VAE decrease. Nev-
the local deformation field that promotes a significant in- ertheless, additional work is required to confirm this hypoth-
crease of the ground permeability. Such emanations woulesis. In particular, systematic monitoring of radon levels and
clearly result in an increase in the radon concentration in theair conductivity must be performed in the near future.
atmosphere. High levels of initial deformation (such as those The scheduled installation of new VAE sensors, radon de-
expected during earthquake preparation) should promote &ctors, and magnetometers in seismic regions to achieve
fast and strong release of radon caused by a rapid increase multi-parameter assessment of the preparatory stage of earth-
ground permeability. On the other hand, lower levels of ten-quakes, is the next step in addressing VAE decreases as they
sion accumulation (as expected during seismic movementsjelate to seismic events. This installation is discussed in more
should promote a slower and weaker release of radon. Theetail in another paper (Silva et al., 2011).

radon released by these mechanisms can then ionise the at-
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3.8 days. Interestingly, the duration of the observed VAE de-

crease for the Sousel earthquake was nearly 4 days, which
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