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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 



Thermal Infrared Anomalies identification as a Precursor Earthquake in Iran                                                       270 

consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
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𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 

 



Thermal Infrared Anomalies identification as a Precursor Earthquake in Iran                                                       272 

References 
Akhoondzadeh,M.,2014, Thermal and TEC anomalies detection using an intelligent hybrid system around the 

time of the Saravan, Iran, (Mw = 7.7) earthquake of 16 April 2013 , Advance  in Space Research, 
http://dx.doi.org/10.1016/j.asr.2013.12.017. 

Freund, F., 2007, Pre-earthquake signals – Part II: Flow of battery currents in the crust. Nat.Hazards Earth Syst. 
Sci., 7, 543–548, 2007. 

Hayakawa, M., Kasahara, Y., Nakamura, T., Muto, F., Horie, T.,    aekawa, S., Hobara, Y., Rozhnoi, A.A., 
Solovieva, M., Molchanov,  O.A. 2010, A statistical study on the correlation between lower ionospheric  
perturbations as seen by subionospheric VLF/LF propagation and  earthquakes. J. Geophys. Res. 115, 
A09305, http://dx.doi.org/10.1029/  2009JA015143, 201.0 

Lisi ,M., Carolina Filizzola, Nicola Genzano a, Rossana Paciello b, Nicola Pergola b,Valerio Tramutoli a2015, 
Reducing atmospheric noise in RST analysis of TIR satellite radiances for earthquakes prone areas satellite 
monitoring Physics and Chemistry of the Earth, Parts A/B/C Volumes 85–86, 2015, Pages 87-97. 

Saraf, A., Choudhury, S., Panda, S., Dasgupta, S.( 2007). “Satellite Based Observations of Pre-Earthquake 
Transient Thermal Anomalies in Iran”, International of Earthquake Engineering and Seismology(IIEES), 
Vol.14. 

Tronin, A.A.( 2010), Satellite Remote Sensing in Seismology. A Review. Remote Sens. 2010, 2, 124-150;   
doi:10.3390/rs2010124. 



Proceedings of the 18th Iranian Geophysical Conference, May 2018, pages 269-272 

Thermal Infrared Anomalies identification as a Precursor Earthquake in 
Iran 

 
Farahnaz Taghavi 

 
Institute of Geophysics,University of Tehran,Iran, ftaghavi@ut.ac.ir 

ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )
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( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 

 



Thermal Infrared Anomalies identification as a Precursor Earthquake in Iran                                                       272 

References 
Akhoondzadeh,M.,2014, Thermal and TEC anomalies detection using an intelligent hybrid system around the 

time of the Saravan, Iran, (Mw = 7.7) earthquake of 16 April 2013 , Advance  in Space Research, 
http://dx.doi.org/10.1016/j.asr.2013.12.017. 

Freund, F., 2007, Pre-earthquake signals – Part II: Flow of battery currents in the crust. Nat.Hazards Earth Syst. 
Sci., 7, 543–548, 2007. 

Hayakawa, M., Kasahara, Y., Nakamura, T., Muto, F., Horie, T.,    aekawa, S., Hobara, Y., Rozhnoi, A.A., 
Solovieva, M., Molchanov,  O.A. 2010, A statistical study on the correlation between lower ionospheric  
perturbations as seen by subionospheric VLF/LF propagation and  earthquakes. J. Geophys. Res. 115, 
A09305, http://dx.doi.org/10.1029/  2009JA015143, 201.0 

Lisi ,M., Carolina Filizzola, Nicola Genzano a, Rossana Paciello b, Nicola Pergola b,Valerio Tramutoli a2015, 
Reducing atmospheric noise in RST analysis of TIR satellite radiances for earthquakes prone areas satellite 
monitoring Physics and Chemistry of the Earth, Parts A/B/C Volumes 85–86, 2015, Pages 87-97. 

Saraf, A., Choudhury, S., Panda, S., Dasgupta, S.( 2007). “Satellite Based Observations of Pre-Earthquake 
Transient Thermal Anomalies in Iran”, International of Earthquake Engineering and Seismology(IIEES), 
Vol.14. 

Tronin, A.A.( 2010), Satellite Remote Sensing in Seismology. A Review. Remote Sens. 2010, 2, 124-150;   
doi:10.3390/rs2010124. 



Proceedings of the 18th Iranian Geophysical Conference, May 2018, pages 269-272 

Thermal Infrared Anomalies identification as a Precursor Earthquake in 
Iran 

 
Farahnaz Taghavi 

 
Institute of Geophysics,University of Tehran,Iran, ftaghavi@ut.ac.ir 

ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 

 



Thermal Infrared Anomalies identification as a Precursor Earthquake in Iran                                                       272 

References 
Akhoondzadeh,M.,2014, Thermal and TEC anomalies detection using an intelligent hybrid system around the 

time of the Saravan, Iran, (Mw = 7.7) earthquake of 16 April 2013 , Advance  in Space Research, 
http://dx.doi.org/10.1016/j.asr.2013.12.017. 

Freund, F., 2007, Pre-earthquake signals – Part II: Flow of battery currents in the crust. Nat.Hazards Earth Syst. 
Sci., 7, 543–548, 2007. 

Hayakawa, M., Kasahara, Y., Nakamura, T., Muto, F., Horie, T.,    aekawa, S., Hobara, Y., Rozhnoi, A.A., 
Solovieva, M., Molchanov,  O.A. 2010, A statistical study on the correlation between lower ionospheric  
perturbations as seen by subionospheric VLF/LF propagation and  earthquakes. J. Geophys. Res. 115, 
A09305, http://dx.doi.org/10.1029/  2009JA015143, 201.0 

Lisi ,M., Carolina Filizzola, Nicola Genzano a, Rossana Paciello b, Nicola Pergola b,Valerio Tramutoli a2015, 
Reducing atmospheric noise in RST analysis of TIR satellite radiances for earthquakes prone areas satellite 
monitoring Physics and Chemistry of the Earth, Parts A/B/C Volumes 85–86, 2015, Pages 87-97. 

Saraf, A., Choudhury, S., Panda, S., Dasgupta, S.( 2007). “Satellite Based Observations of Pre-Earthquake 
Transient Thermal Anomalies in Iran”, International of Earthquake Engineering and Seismology(IIEES), 
Vol.14. 

Tronin, A.A.( 2010), Satellite Remote Sensing in Seismology. A Review. Remote Sens. 2010, 2, 124-150;   
doi:10.3390/rs2010124. 



Proceedings of the 18th Iranian Geophysical Conference, May 2018, pages 269-272 

Thermal Infrared Anomalies identification as a Precursor Earthquake in 
Iran 

 
Farahnaz Taghavi 

 
Institute of Geophysics,University of Tehran,Iran, ftaghavi@ut.ac.ir 

ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 



271                                                         8,9,10 May 2018                          18th Iranian Geophysical Conference 

faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 

 



Thermal Infrared Anomalies identification as a Precursor Earthquake in Iran                                                       272 

References 
Akhoondzadeh,M.,2014, Thermal and TEC anomalies detection using an intelligent hybrid system around the 

time of the Saravan, Iran, (Mw = 7.7) earthquake of 16 April 2013 , Advance  in Space Research, 
http://dx.doi.org/10.1016/j.asr.2013.12.017. 

Freund, F., 2007, Pre-earthquake signals – Part II: Flow of battery currents in the crust. Nat.Hazards Earth Syst. 
Sci., 7, 543–548, 2007. 

Hayakawa, M., Kasahara, Y., Nakamura, T., Muto, F., Horie, T.,    aekawa, S., Hobara, Y., Rozhnoi, A.A., 
Solovieva, M., Molchanov,  O.A. 2010, A statistical study on the correlation between lower ionospheric  
perturbations as seen by subionospheric VLF/LF propagation and  earthquakes. J. Geophys. Res. 115, 
A09305, http://dx.doi.org/10.1029/  2009JA015143, 201.0 

Lisi ,M., Carolina Filizzola, Nicola Genzano a, Rossana Paciello b, Nicola Pergola b,Valerio Tramutoli a2015, 
Reducing atmospheric noise in RST analysis of TIR satellite radiances for earthquakes prone areas satellite 
monitoring Physics and Chemistry of the Earth, Parts A/B/C Volumes 85–86, 2015, Pages 87-97. 

Saraf, A., Choudhury, S., Panda, S., Dasgupta, S.( 2007). “Satellite Based Observations of Pre-Earthquake 
Transient Thermal Anomalies in Iran”, International of Earthquake Engineering and Seismology(IIEES), 
Vol.14. 

Tronin, A.A.( 2010), Satellite Remote Sensing in Seismology. A Review. Remote Sens. 2010, 2, 124-150;   
doi:10.3390/rs2010124. 



Proceedings of the 18th Iranian Geophysical Conference, May 2018, pages 269-272 

Thermal Infrared Anomalies identification as a Precursor Earthquake in 
Iran 

 
Farahnaz Taghavi 

 
Institute of Geophysics,University of Tehran,Iran, ftaghavi@ut.ac.ir 

ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 



Thermal Infrared Anomalies identification as a Precursor Earthquake in Iran                                                       270 

consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
 
 

     
104                                                102                                                        100 

     
110                                                108                                                        106 

Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 
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𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
 
 

     
104                                                102                                                        100 

     
110                                                108                                                        106 

Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
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𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
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NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
 
 

     
104                                                102                                                        100 

     
110                                                108                                                        106 

Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 



271                                                         8,9,10 May 2018                          18th Iranian Geophysical Conference 

faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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 𝐴 =  0.13787𝜀 𝜏  
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𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
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INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
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Eq. (2)        𝐿𝑆𝑇 =
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 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 
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Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
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Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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ABSTRACT 
In this study, time series of satellite (TIR) imaging are used and pre- processed prior to major earthquakes with 
Mw >6 occurred in Iran including: Varzaghan, Mw 6.2 ,2012/08/11; Saravan Mw 7.5 , 2013/04/16 earthquakes. 
These earthquakes are known to associate with fault systems. The corresponding data including time series of 
NDVI and Brightness Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the 
Qin Algorithm was then applied to calculate the LST.The results confirm the existence of an anomaly in LST 
data before these events for Saravan and Varzaghan earthquakes. The short-lived anomalies have been reported 
to appear normally 2-4 days before an earthquake and can affect an area of several thousand square km. Our 
results show positive deviation of >5 °C and to disappear a few days after the main event. The time scale of the 
observed variations is a one week before the onset of the seismic event. 
Keywords: Thermal Anomalies, Satellite Image, Earthquake, Precursor 

 
INTRODUCTION 
Iran is located in the Alep –Himalayan belt and in last 70 years, 12 events with Mw>7 and in average an 
earthquake with magnitude more than 6 is occurred yearly. The origin and distribution of most of the major 
earthquakes can be explained in terms of reactivation of faults and plate tectonics theory. Some events have 
precursors that are physical phenomena occurring before the main shock. The important earthquake precursors 
are variations atmospheric gas composition, radon emission and variations of radioactivity; variations of 
atmospheric DC electric field; anomalies of spectral and wave characteristics of ULF/ELF/VLF/VHF 
electromagnetic emissions, thermal anomalies, hydrogeological and geochemical anomalies. The mitigation of 
earthquake damage and loss of life remains of great concern. It is argued that we can expect fatalities from a 
single event of more than 1 million in the next century. Economic impact can be enormous – it is estimated that 
the recent earthquake in Kermanshah caused _$50 billion in damage and while much of that would have been 
unavoidable, many lives would have been saved and much secondary damage avoided if an early warning 
system had been in place. Yao (2007) noted that earthquake precursors are special changes of the whole 
physical and chemical regional field instead of only a few sites. Mokhtari et al. (2008) have emphasized on 
monitoring of earthquake precursors, recognition of behavioral patterns of faults, deformation modeling, 
dynamic metamorphism of the crust, as well as numerical laboratory and field studies. Vitaly Chmyrev et al. 
(2013) noted there are several earthquake precursors studies by different researcher’s. Thermal anomalies and 
the total amount of electrons in the ionosphere can also serve as a short-term precursor in completion and 
enhancement of earth data. Occurrence of thermal anomalies has been reported by scientists (Tronin et al., 2010, 
Saraf and Choudhury, 2007; Ouzounov et al., 2006; Pulinets and Ouzounov, 2011 ; Akhondzadeh 
(2013).Methods of earthquake predictions have been developed using thermal IR survey. There are numerous 
observations of surface and near-surface temperature growth of the order of 3–5ºC prior to Earth’s crust 
earthquakes.Lisi et al.(2015) was proposed the Robust Satellite data analysis Technique (RST)  and applied to 
different satellite sensors in various geo-tectonic contexts) to discriminate anomalous signal transients possibly 
associated with earthquake occurrence from normal TIR signal. 
  
Mechanism of Thermal Anomaly 
The observed thermal anomalies are related to the strong lithosphere-atmospheric coupling (Tronin l.,2010) and 
the causes of the thermal anomalies lie in the lithosphere and are related to the change of stress. A few 
mechanisms of interaction are considered. First, convective heat flux (hot water and gas) changes the 
temperature of the Earth’s surface. Second, change of the water level with usual temperature leads to a change 
in soil moisture, and consequently the physical properties of the soil. The difference in physical properties 
determines the different temperatures on the surface. Third is the greenhouse effect, when the optically active 
gases are escaped from the surface. Result of thermal satellite data application for different areas looks similar: 
(1) thermal anomalies appeared about 6–24 days before and continued for about a week after an earthquake; (2) 
the anomalies are sensitive to crustal earthquakes with magnitude greater than 4.5; (3) the size of anomaly is 100 
km in length and 10 km in width; (4)thermal anomaly has a mosaic internal structure with average element size 
about 40 - 130 km; (5) the amplitude of the anomaly is about 3–6 ºC; (6) thermal anomalies are attached to large 
faults; (7) the nature of thermal anomalies is not clear now; (8) the response of water in wells and surface 
temperature in thermal anomaly on earthquake look similar; (9) increase of air and surface temperature as a 
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consequence of the hot water eruption a few days before strong earthquakes could lead to atmospheric 
perturbations (atmospheric gravity waves) and could be helpful to explain an origin of some pre seismic 
electromagnetic effects (in the ULF, VLF, LF frequency range) (Hayakawa et al., 2010). 

  
Data and Method 
In this study, time series of satellite (TIR) imaging were used and pre-processed prior to major earthquakes with 
Mw > 6 occurred in Iran including Saravan Mw 7.5 ,  2013/04/16 and Varzaghan, Mw 6.2 ,2012/08/11 
earthquakes. The amount and quality of the emitted energy is uniquely determined by its temperature(Eq.1), 
where T is the absolute temperature of the black body, h is the Planck constant (6.62606957 × 10-34 Js), c is the 
light speed (299792458 m/s) and k is the Boltzmann constant (1.3806488 × 10-23 J/K) according to Planck's 
law(Salby, 1996).  In this study, we used the Qin algorithm which is appropriate for the data from the MODIS 
sensor algorithm delivers the LST values using an experience equation and Mode 02, Level 1B images from the 
MODIS sensor (NASA website). 
In addition, Normalized Difference Vegetation Indices were also calculated to extract the emissivity and also 
brightness temperatures for the MODIS Bands 31 and 32 at wavelengths 10780 and 12270 m, which 
correspond to infrared radiations, were computed to extract the transmittance variable. These earthquakes are 
known to be related with fault systems. The corresponding data including time series of NDVI and Brightness 
Temperature (BT) of the bands (BT31, BT32) were derived from MODIS images and the Qin Algorithm was 
then applied to calculate the LST(Eq.2). This algorithm delivers the LST values using the following 
equation(Eq2.) 

 

Eq. (1) 𝑇 =
 

( )

 

 

Eq. (2)        𝐿𝑆𝑇 =
( ) ( )

 

 𝐴 =  0.13787𝜀 𝜏  
𝐵 = 0.13787 𝑇 + 31.65677𝜏 𝜀 − 31.65677 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.13787 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )31.65677 

𝐴 = 0.11849𝜀 𝜏  
𝐵 = 0.11849𝑇 + 26.50036𝜏 𝜀 − 26.50036 

𝐶 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )0.11849 
𝐷 = (1 − 𝜏 )(1 + (1 − 𝜀 )𝜏 )26.50036 

𝜏 = 0.857237 ,  𝜏 = 0.778058  , 𝜀 = 𝑎 + 𝑏 ln(𝑁𝐷𝑉𝐼) 

 
Where  is the emissivity value and  is the transmittance coefficient which has the following values for Bands 
31 and 32 of MODIS: 31 = 0.8572 and  32 = 0.778058. Knowing the emissivity value and  is the transmittance 
coefficient, Ai, Bi, Ci, and Di can be calculated.  
 
Results 
In this study, data for six days before and six days after the Saravan  event was examined and the LST maps 
were prepared. A comparison of the maps in Fig. 1 reveals that the thermal anomaly had been formed four days 
before the main shock on April 12, 2013 or two days before an aftershock of Mw 5 on April 18 ,2013. The 
anomalies formed are usually of 50 to 500 km length. They are often of drastic fluctuations. Sometimes, they 
appear a few days before the event and disappear the day before that. To ensure that the reasons of these 
anomalies are well understood, the meteorological maps and the model outputs in the weekly time intervals 
around the event were examined for the Saravan area. However, no significant meteorological phenomenon was 
observed that can cause such drastic changes. Time series for Saravan temperature is shown in Fig. 2. As it can 
be seen in the plots, no significant change in temperature is observed. In order to be more confident, the pressure 
maps were also investigated. Only a pressure drop was observed on April 16 which could be considered a local 
phenomenon. A comparison of the LST maps confirmed a thermal anomaly four days before the main shock on 
April 12 (i.e. the Day 102 of the Year 2013) or two days before an aftershock of Mw 5 on April 18 (i.e. the 
Day108 of the Year 2013). The study area in southern segment of Long men Mountains thrust belt of Western 
Sichuan Basin contains complex faults and folds with recent earthquake activity. The spatial patterns of the 
enhanced images revealed the spatial correspondence between the thermal information and the dip planes of 
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faults when compared with the explanation profiles and geologic features obtained from the 3D-seismic 
geophysical data.  
 
 

     
104                                                102                                                        100 

     
110                                                108                                                        106 

Figure 1. Thermal anomaly  response for the earthquake in Saravan (April 16, 2013; Mw 7.5). 
 
 
Conclusion 
The results confirmed the existence of an anomaly in LST data before these events for Saravan and Varzaghan 
earthquakes. To ensure that the reasons of these anomalies are well understood, the meteorological maps and the 
model outputs in the weekly time intervals around the event were examined for the areas of these earthquakes. 
However, no significant meteorological phenomenon was observed that can cause such drastic changes. 
Analysis of time series of air temperature observed from synoptic station show no significant change in 
temperature. In order to be more confident, the pressure maps were also investigated. Only a pressure drop was 
observed on April 16 which could be considered a local phenomenon in Saravan event. The short-lived 
anomalies have been reported to appear normally 2-4 days before an earthquake and can affect an area of 
several thousand square km. Our results show positive deviation of >5 °C and to disappear a few days after the 
main event. The time scale of the observed variations is a one week before the onset of the seismic event. Past 
studies concluded that such information appeared only a few days or dozens of days before an earthquake would 
occur. In our study, though, we observed that the time intervals between the thermal infrared precursor and an 
earthquake’s occurrence can be up to 3 days. The anomaly existed for five days before the earthquake. The 
observed thermal anomalies are related to the strong lithosphere-atmospheric coupling. The causes of the 
thermal anomalies lie in the lithosphere and are related to the change of stress. 
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