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TEMPERATURE ANOMALIES BEFORE EMILIA EQs

Figure 2. The spatial distributions of  the changes in the daily temperature (DT(d)): a-h are obtained by subtracting the 33-year (1979-2011) mean of
monthly temperature in April from the daily temperature (T(d)) on April 4-7 and 27-30, 2012, respectively; i-p are obtained by subtracting the 33-year (1979-
2011) mean of  monthly temperature in May from the T(d) on May 10-13 and 23-26, 2012, respectively; q is obtained by subtracting the 20-year (1992-2011)
mean of  the monthly temperature in May from the T(d) on May 12, 2012; r is obtained by subtracting the 20-year (1992-2011) mean of  the monthly tem-
peratures in May from the T(d) on May 24, 2012; s is obtained by subtracting the 33-year (1979-2011) mean of  the monthly temperatures in May from the
T(d) on May 12 2006; t is obtained by subtracting the 33-year (1979-2011) mean of  monthly temperature in May from the T(d) on May 24 2006. The black
and red points indicate the epicenters on May 20 and 29, 2012, respectively. The black triangles indicate the weather ground station of  Bologna (44.53 ˚N,
11.3 ˚E), close to the epicenters. The blue rectangular box in a indicates the area around the two major earthquakes epicenters (44.5 ˚N to 46 ˚N, 10.5 ˚E
to 12 ˚E) for the time series analysis.



weather, the change in the climatological factors is much
slower. We calculated the multiple years mean of  the monthly
temperature (T(m)) which represents a climatological back-
ground, and then subtracted the daily temperature (T(d)) from
the T(m), to get the change in daily temperature (DT(m)):

(1),

where T(d) is the daily temperature for 2012 (or for 2004 and
2006, in the confutation analysis), and T(m)i is the corre-
sponding monthly temperature within multiple years pre-
ceding the earthquake sequence. 

Thirdly, the spatial distributions of  the hourly surface
skin temperatures were analyzed. We subtracted the hourly
temperatures (T(h)) from the multiple years means of  T(h),
which represent the climatological background, to get the
change in hourly temperatures (DT(h)):

(2)

where T(h) is the hourly temperature of  2012; T(h)i is the cor-
responding hourly temperature within the multiple years
preceding the earthquake sequence. 

3. Results 
Although the daily temperature is affected by many fac-

tors, statistically, it will be limited to fluctuations within a
certain range. Hence, those days on which the surface skin
temperature (or surface air temperature) have values beyond
µ + 1.5v or maximum can be considered as candidate anom-
aly days. The time series of  surface skin temperatures shows
that there were eight candidate anomaly days in 2012, on
April 5, 6, 28 and 30, and May 10, 11, 12 and 24 (Figure 1a).
All of  these candidate anomalies were higher than the cor-
responding days in 2004 and 2006, when no significant earth-
quakes occurred. The time series of  surface air temperatures
confirms all of  these former anomalies, expecially for three
of  them (on April 28, and May 11 and 12, 2012) that showed
greater statistical significance (Figure 1b). 

After the statistical processing, we plotted the DT(d) im-
ages using the Generic Mapping Tools software. We espe-
cially focused on the spatio-temporal evolution of  the DT(d)
before and after the candidate anomaly days. We distin-
guished possible earthquake-induced temperature enhance-
ments from the normal weather phenomenon by referring to
the general conclusions of  previous earthquake anomaly
case studies [e.g., Qiang et al. 1991, Tronin 1996]: 1) the for-
mer generally presents a strip-shaped distribution related to
the tectonic structure and/or active faults in the seismogenic
zone, or spot-shaped distributions in the intersecting zone
of  tectonic faults and/or around the epicenter, while the lat-
ter generally presents a wide-area consecutive and gradual
distribution; 2) the former could appear at night time, while

the latter is seldom at night time, without solar radiation. 
From Figure 2k and n, we find two spot-shaped anomalies

with high amplitudes of  about 6 K near the epicenters on May
12 and 24, 2012. The possible contributions from climatologi-
cal factors are removed by subtracting the 33-year (1979-2011)
mean T(m) in May. To verify the stationarity of  T(m), we cal-
culated the T(m) using the 20-year (1992-2011) data, to get the
DT(d) on May 12 and 24, 2012. As shown in Figure 2q and r, in
general the patterns are similar to Figure 2k and n. The small
isolated temporally limited 'hot spot' patch is quite unusual, in
that it is a lot different from the wide-area consecutive and
gradual weather effects, and cannot be found on May 12 and
24, 2004 and 2006 (for the sake of  space, Figure 2s and t show
only 2006), when there were no major earthquakes. 

Furthermore, the DT(h) on May 12 and 24, 2012, show
the detailed spatio-temporal evolution of  the anomalies. As
shown in Figure 3, two important considerations can be made:
1) from 20:00 to 23:00 UTC on May 12, 2012, an obvious high-
temperature patch appeared, covering the epicenters, then
gradually weakened and narrowed to the epicenters; 2) from
21:00 to 23:00 UTC on 24 May 2012, a slight high temperature
spot appeared and was gradually enhanced near the epicen-
ters. All of  these appeared at local night time, confirming that
the local high-temperature anomalies do not result from solar
radiation enhancement, but are most likely associated with
the Emilia 2012 seismic sequence.

4. Discussion and conclusions
Currently, the causes of  earthquake thermal anomalies

are not yet well understood. The mechanism of  thermal
anomalies preceding earthquakes might vary with cases,
which are related to different seismogenic conditions and
local ground cover (e.g., rock, desert, soil, vegetation, water).
Bonfanti et al. [2012] considered that the significant thermal
anomalies in central Italy preceding the L'Aquila 2009 seismic
sequence could be attributed to the increase in green-house
gas emission rates (e.g., such as for CO2, CH4). In addition,
there were also other geophysical effects, such as the reacti-
vation of  p-holes, the upwelling of  deep fluids [Cianchini et
al. 2012], and the change in the atmospheric electric field. It
is reasonable to expect that one or more of  these phenomena
might have occurred also in northern Italy preceding the
Emilia 2012 seismic sequence. We believe that the mechanism
is not merely single, but more likely multiple, due to the com-
plex lithosphere–coversphere–atmosphere coupling in the
seismogenic process [Wu and Liu 2009, Wu et al. 2012].

The statistical analysis of  the MERRA surface skin tem-
perature data of  April and May 1979-2012 reveals that local
temperature enhancements had appeared around the epicen-
ters on the nights of  May 12, 2012, i.e., 8 days before the May
20, 2012, ML 5.9 earthquake, and of  May 24, 2012, i.e., 5 days
before the May 24, 2012, ML 5.8 earthquake. This is in agree-
ment with the surface air temperatures from the weather
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ground station close to the epicenters. The spatial patterns (lo-
cation and shape) and the appearance time of  the surface tem-
perature anomalies show a possible association with the
seismogenic process, and could be of  precautionary signifi-
cance for the events. However, because of  the great complex-
ity of  the processes associated with the preparation of
large-to-intermediate earthquake phenomena, a more multi-
disciplinary and integrated approach to the problem must be
applied. This is like that indicated by geosystemics [De Santis
2009], where entropy and other analogous physical quantities
are fundamental [De Santis et al. 2010, 2011].  

The present study represents a preliminary, although
significant, contribution to the understanding of  the evolu-
tion of  the Emilia seismic sequence in space and time. There-
fore, further studies are suggested, including investigations
into other thermal parameters (e.g., surface latent heat flux,
outgoing long-wave radiation, microwave radiation) and the
eventual localized process of  lithosphere–coversphere–at-
mosphere coupling behind the thermal anomalies and pre-
cursory features.
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