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Abstract. In this investigation, relations between the
ground’s thermal properties and 70 earthquakes with a
magnitude>4 Richter in the Alborz region during a pe-
riod of 12 years (1992 to 2004) were studied. Typical
changes of ground temperature, 0.4◦C; thermal diffusivity,
0.028 m2 s−1

×10−6 and ground heat flux take place a few
hours prior to the earthquakes. The values of thermal dif-
fusivity depend on the ground moisture content, which may
change during seismic activities. The analysis of ground heat
flux from the epicentre and it’s surrounding regions show
some anomalous behavior before the earthquakes but with
different signs in the areas close to the sea and far away from
the sea.

The changes of the ground’s thermal properties prior to
the earthquakes in the Alborz region are attributed to the in-
crease in seismic activities in the epicentre and it’s surround-
ing regions. The anomalous behavior in the ground thermal
properties shows great potential in providing early warning
of imminent earthquake.

1 Introduction

Although earthquake prediction is still a challenging effort,
recent studies have suggested that numerous geophysical and
ionospheric parameters are closely related to the earthquakes
that have occurred throughout the world (Esposito et al.,
2001; Hayakawa et al., 2004, 1994; Hayakawa, 1999; Pu-
linets, 2004; Shvets et al., 2004; Uyeda et al., 2000). These
parameters could be potential precursors of earthquake if we
fully understood their characteristic behavior (e.g. Dey and
Singh, 2003). Meteorological parameters presented in this
essay could be precursors for tectonic activities.
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Some changes in thermal parameters have been observed
prior to earthquakes (Cervone et al., 2005; Day et al, 2003;
Hamza, 2001; Milkis, 1984; Mogi et al., 1989; Singh et al.,
2002). These changes suggest a possible existence of interac-
tion between the lithosphere and the atmosphere in seismic
zones prior to the earthquakes (e.g. Dey and Singh, 2003).
Ground temperature changes, related to tectonic activity, has
been shown in some tectonic environments. The changing of
ground thermal parameters induced by fluid flow, which are
associated with local deformation processes, can be consid-
ered as the most likely mechanism for seismo-thermal pertur-
bation at shallow depths (Hamza, 2001). Here we conduct an
investigation to explore the suitability of some ground ther-
mal parameters as an earthquake precursor in the Alborz re-
gion.

2 Data and method

Heat is transferred through the ground slowly, as the ground
is often a thermal conductor. The amplitude of a diurnal
variation of soil temperatures decreases exponentially with
the depth (Fig. 1). It is significant down to the soil depth
of one meter for an annual surface temperature change due
to the seasonal variation. Daily temperature variations at
the surface are also substantially reduced and the typical e-
folding scale depth for this is about 0.15 m for rather dry
soil (Arya, 1988). Therefore, the meteorological parameters
affect mostly the near surface soil; however, the energy of
earthquakes often affect the ground at the deeper part. As a
result we consider the ground temperature variation at a one
meter depth as a short time (about a few days) earthquake
precursor. The Alborz region is selected because of: the high
potential for seismic activities, the large number of active and
seismic faults, the high density population and the adjacent
cities near the active main faults (Fig. 2). The ground tem-
perature value, down to one meter, during a 12 years period
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Table 1. Temperature anomaly greater than 0.3 for all Alborz region earthquakes (>4 Richter) during the time of study.

Date Hour Magnitude City The meteorological Variation of ground
closest station temperature (◦C)

13 Jan 2003 16:41:45 4.4 Ardebil Ardebil 0.4
12 May 1997 03:51:00 4.6 Ardebil Ardebil 0.4
3 Dec 1998 18:29:48 4.3 Tehran Doushantapeh −0.3
25 Feb 2002 14:22:10 4.1 Semnan Semnan 0.4
9 Jun 1993 17:33:37 4.7 Semnan Semnan 0.3
22 Jun 2002 21:33:36 4.5 Qazvin Avaj 0.3
26 Nov 1999 04:27:22 5 Golestan Gonbad 0.3
7 Jan 2004 04:28:18 5.5 Mazandaran Siahbisheh 0.3

25 Apr 2002 17:40:19 4.8 Mazandaran Babolsar 0.3
16 May 2001 07:24:29 4 Mazandaran Qarakhil 0.3
9 Jan 1998 19:06:15 4.6 Mazandaran Babolsar 0.5
3 Dec 1998 13:13:34 4.3 Tehran Doushantapeh −0.7
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Fig. 1. Temperature records at depths: 10, 20, 40, and 100 cm at Geophysics station 6/28/1995 - 

7/11/1995. 

 

 

 

 

 

 

 

 

 

 

Fig.2. Active main faults (     ) in Alborz region and location of main cities ( ). 

Fig. 1. Temperature records at depths: 10, 20, 40, and 100 cm at
Geophysics station 28 June 1995–11 July 1995.

(1992–2004) is analyzed to find out if there is a relation be-
tween temperature, thermal diffusivity, ground heat flux per-
turbations and earthquakes.

The ground temperature at a location is essentially given
by the surface energy balance, which in turn depends on
the radiation balance, atmospheric exchange processes in the
immediate vicinity of the surface, the presence of vegeta-
tion, and thermal properties of the subsurface medium (Arya,
1988).

For identification of a thermal earthquake precursor, it is
necessary to analyze more data such as earthquake specifi-
cations, ground temperature (at 03:00, 09:00, and 15:00 in
UTC time), type, and some other thermal parameters of soil
which are explained in detail as follows:

1. Earthquake specifications: such as magnitude, location,
date and time of an earthquake in the Alborz region
from 1992 to 2004 are received from the National Geo-
sciences Database of Iran (NGDIR). Due to too many

numbers of earthquakes that have occurred in the Al-
borz region and superabundant data, only the earth-
quakes with Richter 4 and above are considered, how-
ever we have only shown the earthquakes with a mag-
nitude greater than 4 with a temperature anomaly equal
and greater than 0.3 (Table 1).

2. Ground temperature: in this research, data of the ground
temperature is from the Iran Meteorological Organiza-
tion (http://www.irimet.net/). The temperature data is-
taken manually from this Organization. To study the
soil temperature, the data from 50 weather stations in
the Alborz region during 12 years from 1992 to 2004
is utilized (meteorological stations are scattered in the
region for synoptic weather monitoring but instead we
have used the ones that are near the earthquake faults).
Ground temperatures were taken three times a day (at
03:00, 09:00 and 15:00 in UTC time), at the depth of 05,
10, 20, 30, 50 and 100 cm. The nearest stations to the
epicenter of the earthquakes were analyzed. The earth-
quake energy decreases with distance, in other words,
the areas close to the epicenter have the most energy,
hence; the ground temperatures of the closest stations
to the epicenter are analyzed. However, thermal surface
changes as a result of seismic activities prior to an earth-
quake, can lead to the movement of water, gas and etc.
(Hamza, 2001). This may indirectly change the thermal
state close to the surface. This is the main factor for
thermal perturbations that we are looking into.

3. Type of soil: This data is received from NGDIR. The
type of soil affects small and big changes in ground
temperature. Therefore, this data was considered in our
analysis.
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Fig. 2. Active main faults (
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Fig. 1. Temperature records at depths: 10, 20, 40, and 100 cm at Geophysics station 6/28/1995 - 

7/11/1995. 

 

 

 

 

 

 

 

 

 

 

Fig.2. Active main faults (     ) in Alborz region and location of main cities ( ). ) and location of provinces in Alborz region (�).
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Fig.3. ground temperature in earthquake of Semnan for 30 days (23/11/1995), M=4.0 Richter. 
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Fig. 4. ground temperature in earthquake of Semnan for 3 mounth (from October to 
December)(23/11/1995), M=4.0 Richter. 

Fig. 3. Ground temperature in earthquake of Semnan for 30 days
(23 November 1995), M=4.0 Richter.

3 Results and discussion

Changes in ground thermal parameters at the surface and
shallow depths depend on many factors including intensity
of solar radiation, physical properties of soil, soil moisture
content (that are dependent on the time during the year)
and probably tectonic activities. Therefore, for its probable
changes before the earthquakes, ground temperature-time di-
agrams for different months during the 12 years are analyzed
separately and the time of the earthquakes in the months are
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Fig.3. ground temperature in earthquake of Semnan for 30 days (23/11/1995), M=4.0 Richter. 
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Fig. 4. ground temperature in earthquake of Semnan for 3 mounth (from October to 
December)(23/11/1995), M=4.0 Richter. 

Fig. 4. Ground temperature in earthquake of Semnan for 3 mounth
(from October to December) (23 November 1995), M=4.0 Richter.

demonstrated on the diagrams (Figs. 3 and 4). Typical tem-
perature anomalies observed prior to the earthquakes is about
0.4◦C (Figs. 3–10). The time of the maximum and the mini-
mum ground temperature as well as the diurnal range, are of
considerable interest. Because, we all know, on clear days,
the maximum ground temperature is reached typically an
hour or two after the time of maximum insulation, while the
minimum temperature is reached in the early morning. But
our investigations showed that the maximum and minimum
ground temperatures occurred some hours before the earth-
quakes in Alborz. For example, the minimum temperature
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Fig.5. ground temperature in earthquake of Babolsar (09/01/1998), M=4.6 Richter 
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Fig.6. ground temperature in earthquake of Ardebil (28/02/1997), M=4.2 Richter 

Fig. 5. Ground temperature in earthquake of Babolsar (9 January
1998), M=4.6 Richter.
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Fig.5. ground temperature in earthquake of Babolsar (09/01/1998), M=4.6 Richter 
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Fig.6. ground temperature in earthquake of Ardebil (28/02/1997), M=4.2 Richter 
Fig. 6. Ground temperature in earthquake of Ardebil (28 February
1997), M=4.2 Richter.

does not reach exactly early morning in the Semnan earth-
quake on 25 February 2002 (Table 1). Ground temperature
values have unusually increased typically around 0.4◦C, near
the plate of fault, before the occurrence of all the earthquakes
in the Alborz region in January, February, April, may, June,
July and November (e.g. Figs. 3–9) during a period of 12
years. However, it decreases typically around 0.4◦C in Au-
gust, October and December (e.g., Fig. 10) during 1992–
2004.

Soil moisture, groundwater temperature and the peizomet-
ric surface can be changed by the build-up of tectonic defor-
mation in a fault zone (Buntebarth et al., 1999; Hamza, 2001;
Kitagawa et al., 1996; Milkis, 1984; Mogi et al., 1989; Rynn
and Scholz, 1978; Shimamura et al., 1985). Groundwater
can be moved easier in an aquifer layer (Lutgens and Tar-
buck, 1989). Thermal energy flux can be transferred to the
surface as a result of the changes of peizometric surface from
the earthquake activity (Hamza, 2001). Hence, the ground
temperature could be changed due to tectonic activity. But
the small and big changes in ground temperature can be re-
lated to the type of the fault, type of the soil and the ground-
water source. Fine-textured soils (e.g., clay) have greater
heat capacities as compared to coarse soils (e.g., sand). The
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Fig.7. ground temperature in earthquake of Babolsar (25/04/2002), M=4.8 Richter 
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Fig.8. ground temperature in earthquake of Ardebil (12/05/1997), M=4.6 Richter 

Fig. 7. Ground temperature in earthquake of Babolsar (25 April
2002), M=4.8 Richter.
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Fig.7. ground temperature in earthquake of Babolsar (25/04/2002), M=4.8 Richter 
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Fig.8. ground temperature in earthquake of Ardebil (12/05/1997), M=4.6 Richter 
Fig. 8. Ground temperature in earthquake of Ardebil (12 May
1997), M=4.6 Richter.
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Fig.9. ground temperature in earthquake of Semnan (23/11/1995), M=4.0 Richter 
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Fig.10. ground temperature in earthquake of Tehran (03/12/1998), M=4.6 Richter 

Fig. 9. Ground temperature in earthquake of Semnan (23 November
1995), M=4.0 Richter.

presence of moisture in the ground greatly increases heat ca-
pacity and thermal conductivity of the soil. In addition, our
studies showed that in Alborz region during 12 years, there
were temperature anomalies (e.g. Figs. 3–10). Therefore, the
change of ground temperature could be an earthquake pre-
cursor in the Alborz region.

Thermal diffusivity and ground heat flux are also changed
some hours before earthquakes. These changes were positive
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Fig.9. ground temperature in earthquake of Semnan (23/11/1995), M=4.0 Richter 
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Fig.10. ground temperature in earthquake of Tehran (03/12/1998), M=4.6 Richter 
Fig. 10. Ground temperature in earthquake of Tehran (3 December
1998), M=4.6 Richter.

Fig. 11. Thermal diffusivity in earthquake of Garmsar (11 January
2003), M=5.8 Richter.

far away from the sea (Figs. 11 and 12) and negative near
coastal regions (Figs. 13 and 14), indicating changes of soil
moisture content. Since the ground heat flux is related to the
energy exchange between the earth’s surface and subsurface,
this interaction might be increased during the earthquake ac-
tivities in the area. According to Figs. 11 and 13, thermal
diffusivity of the ground seems to be constant before and af-
ter the earthquakes, but not close to the time of earthquakes.
The addition of water to dry soil enhances its heat capacity
and conductivity markedly because it replaces the air (a poor
heat conductor) in the pore space (Arya, 2001). The change
of soil moisture content before the earthquakes with abnor-
mal heat flux in the atmosphere, was also reported by others
(such as, Dey and Singh, 2003). As a result, earthquakes
can increase the soil moisture content significantly due to the
changes in the ground water level. Changes of water level
may lead to an exchange of air between below the ground
surface and above the surface, and hence the changes of ther-
mal behavior near the surface zone.

Therefore, changes in ground temperature, thermal diffu-
sivity and ground heat flux could be used as earthquake pre-
cursors.
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Fig.11. thermal diffusivity in earthquake of Garmsar (11/01/2003), M=5.8 Richter 
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Fig.12. ground heat flux (GHF) in earthquake of Garmsar (11/01/2003), M=5.8 Richter 
Fig. 12. Ground heat flux (GHF) in earthquake of Garmsar (11
January 2003), M=5.8 Richter.
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Fig.13. thermal diffusivity in earthquake of Ghaemshahr (22/09/1992), M=5.1 Richter 
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Fig.14. ground heat flux (GHF) in earthquake of Ghaemshahr (22/09/1992), M=5.1 Richter 

 

Fig. 13. Thermal diffusivity in earthquake of Ghaemshahr (22
September 1992), M=5.1 Richter.
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Fig.13. thermal diffusivity in earthquake of Ghaemshahr (22/09/1992), M=5.1 Richter 

 

-5

-2

1

4

7

3 9 15 21 27 33 39 45 51 57 63 69

time (hour)

G
H

F
 (w

/m
2 )

2 days before earthquake 1 day before earthquake the day of earthquake 1 day after earthquake

3 9 15 3 9 15 3 9 15

 

Fig.14. ground heat flux (GHF) in earthquake of Ghaemshahr (22/09/1992), M=5.1 Richter 

 
Fig. 14. Ground heat flux (GHF) in earthquake of Ghaemshahr (22
September 1992), M=5.1 Richter.

4 Conclusions

We have carried out an analysis of ground thermal param-
eters for more than 70 earthquakes throughout the coastal,
mountainous and desert regions of the Alborz region during a
period of 12 years. This analysis has shown some anomalous
behavior in the ground temperature, ground thermal diffu-
sivity and ground heat flux in tectonically active areas some
hours prior to the earthquakes. The anomalies of ground

www.nat-hazards-earth-syst-sci.net/10/459/2010/ Nat. Hazards Earth Syst. Sci., 10, 459–464, 2010



464 N. Rezapour et al.: Possible soil thermal response to seismic activities

thermal parameters in various earthquakes, show a system-
atic pattern before the events which might be assumed as
precursors for imminent earthquake in the Alborz region.

In this study, we have used pre-existing data that were
measured for meteorological monitoring. However, the en-
hanced spatial and temporal resolution of the sensors provide
more accurate ground heat flux information over the tecton-
ically active areas, hence the installation of an observatory
system, for monitoring temperatures of the subsurfaces in
zones of active faults, can contribute a great deal to the exist-
ing database.
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