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Abstract Land degradation is one of the environmental hazards that can occur in 
most countries during the last century. Geo-hazards induced by earthquakes have 
caused environmental degradation. Inevitably, stresses occurring prior to an earth-
quake in tectonically active places are able to boost the near-ground temperature of 
a region. Thermal remote sensing can usually detect these transformations, which 
can provide substantial clues about future earthquakes. The aim of this study is to 
analyze land surface temperature (LST) variations due to the Zarand Earthquake,
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which occurred in south–central Iran during 10–28 February 2005, by using the 
MODIS LST product. In addition, ten and six years of air temperature anomaly 
average data from before and after the Zarand earthquake, respectively, were used in 
this study. The results showed that the LST on 16th February was 28 °C, while on 21st 
February was 37 °C. Therefore, there was an LST difference of about 9 °C between 
both dates, so that there was a temporary abnormal rise in temperature before the 
earthquake occurred. On the other hand, the time series analysis of LST maps from 
10 to 28th February 2005 showed that anomalies started six days before the main 
shock. Also, based on the correlation of MODIS LST and in-situ air temperature, 
interestingly, either the LST or air temperature started to rise on 16 February, or both 
soared on 21st February 2005. 

Keywords Earthquake · Land surface temperature · Thermal remote sensing ·
Environmental degradation · Central Iran 

1 Introduction 

Earthquakes as one of environmental degradation is a major problem worldwide, 
especially in developing countries [1, 2]. With the increase in economic develop-
ment, much more serious economic and social damage can be caused by unexpected 
earthquakes than ever before [3, 4]. Therefore, monitoring and studying of natural 
catastrophes, such as flood [5, 6], wildfire [7, 8], sinkhole [9], doughtiness [10], 
landslide [11], gully erosion [12], land cover [13], land/ground subsidence [14], 
groundwater [15], and earthquake [16] presents a severe scientific challenge [17]. 
Clearly, one of the most effective ways of minimizing the earthquakes’ effects is 
predicting the event before it occurs, so that necessary measures can be taken to 
evacuate and warn those in danger [18]. Furthermore, understanding temperature 
anomalies in the land associated with earthquakes can help predict the earthquake 
and reduce the extreme earthquake impacts. The anomaly can be observed within 
two weeks up to few hours before the earthquake [19]. 

Ouzounov and Freund [20] proposed a mechanism to explain the temperature 
rise preceding an earthquake is the presence of positive hole-type charge carriers in 
rocks. LST as an important factor in investigating the temperature of areas close to 
the epicenter can provide new attitudes to study this catastrophic phenomenon [21]. 
This temperature difference is quite obvious in temperatures obtained from satel-
lite images estimated from the Earth’s emission information and from instruments 
placed 1.5 m above the ground, collecting air temperature data [22]. The observed 
thermal anomalies are related to the strong interaction between the lithosphere and 
atmosphere [23]. 

Satellite thermal infrared (TIR) imaging data show not only long-lived thermal 
fields associated with large fault systems and linear structures in the Earth’s crust 
[24], but also short-lived anomalies prior to major earthquakes [25]. The short-
lived anomalies in the land typically appear 7–14 days before an earthquake.
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Recently, several techniques, including co-registration and geo-referencing of all 
relevant imagery from GOES and AVHRR have been developed to analyze satellite 
TIR imagery to identify anomalies [26]. Furthermore, other applied techniques are 
single image comparison of pre- versus post-earthquake TIR imageries, multispec-
tral infrared component analysis of the MODIS Terra and Aqua data by using LST 
[20], and an analysis of pixel temperature variance from long-term scene threshold 
temperatures to identify “hot” areas [26]. 

Some researchers have also observed anomalies from two weeks to a few hours 
before the event at distances of 200–1000 km from the epicenter (China, Japan, 
Russia, Turkey, Chile, Mexico, and Greece) [27–30]. In addition, there are several 
satellite-based methods that show potential precursors to earthquakes [22]. It is worth 
mentioning that remote sensing has proved to be a useful tool for observing LST 
variations. Therefore, understanding the near real-time and large spatial scale LST 
variations from remote sensing images is of great importance because this domain has 
not been thoroughly explored, and it may provide valuable information for seismic 
studies in tectonically-active areas. 

A change in the thermal regime of an epicenter region is one of the most striking 
changes and can be detected by space-borne sensors such as AVHRR and MODIS [31, 
32]. Several studies have shown that numerous geophysical parameters are strongly 
related to earthquakes. If changes can be recognized before the earthquake, these 
parameters may be possible precursors of an earthquake occurrence. In particular, 
one of these parameters is LST, which can change before the earthquake. If LST 
anomalies before an earthquake could be observed, the prediction of earthquakes may 
be possible. Therefore, this research may make a valuable contribution to reducing 
the damage to the environment and manmade infrastructure and loss of life. This 
study will also be important to scientists who work on seismic research or research 
related to seismic activity. 

In-situ air temperature data were used to show the increasing air temperature vari-
ation associated with the earthquake. Moreover, LST variation maps were produced 
from satellite data to show the temperature anomaly associated with the earthquake. 
Additionally, LST maps for the years 2004 and 2007 were produced to compare with 
2005 (10th–28th February). Furthermore, this study covered the variation of LST 
that happened prior to the earthquake. The study area is the Zarand district earth-
quake in Kerman Province. The earthquake occurred on 22nd February 2005, with 
a magnitude of 6.4. However, the particular dates were 10th to 28th February 2005. 
The earthquake prediction is a challenging task to reduce the earthquake impact and 
hence reduce the damage by taking necessary precautions. 

In this study, geo-hazard evaluation of Zarand Earthquake in central Iran, which 
occurred during 10th–28th February 2005, is analyzed and the land surface temper-
ature (LST) variation for the years 2004, 2005, and 2007 are mapped. Finally, the 
in-situ air temperature variation for the entire month of February 2005 (1st–28th 
February) is analyzed and compared with data from the ten years before (1994– 
2004) and six years (2006–2011) after the earthquake. In this study, the satellite data 
utilized were the MODIS daytime LST product (MOD11A1) from the thermal band 
for 10th to 28th February 2005.
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2 Study Area 

The study area is located in Zarand district, Kerman Province, central Iran. On 22 
February 2005 at 05:55 local time (02:25 GMT), an earthquake with a magnitude of 
6.4 on the Richter scale struck the area. The epicenter was identified at 30.726 N, 
56.817 E at a depth of 42 km at 55 km north-west of Kerman. The earthquake lasted 
for 12 s, caused extensive damage to the rural areas in Ravar district and Kerman 
district, and was much more disastrous for the Zarand district. More than 50 villages 
suffered between 30 and 100% damage as a consequence of this earthquake. Almost 
612 were killed and 15,000 were injured. The population adversely affected is around 
32,000 (Fig. 1). A great proportion of the population in several villages was severely 
affected due to poor building conditions. 

Fig. 1 The geographical position of the study area in Iran; a structural units and tectonic features of 
the Arabia-Eurasia collision zone in Iran: SSZ (Sanandaj-Sirjan Zone), MRF (Main Recent Fault), 
MZT (Main Zagros Thrust), UDMA (Urumieh-Dokhtar Magmatic Arc); b geographical location 
of Zarand earthquake
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The study area is based on the geological structure, is located between two tectonic 
units—the Urumieh-Dokhtar Magmatic Arc (UDMA) and Main Zagros thrust (MZT) 
[33]. The UDMA is situated between the Sanandaj-Sirjan Zone (SSZ) and central 
Iran, running parallel to the Zagros Mountains and the SSZ (Fig. 1a) [34]. 

3 Materials and Method 

3.1 Satellite Data Acquisition 

MODIS was launched by NASA with on-board polar orbiting. This study used 
MODIS Terra because moderate-resolution remote sensing provides a way to quan-
tify land surface characteristics such as snow cover extent, land cover type and extent, 
leaf area index, surface temperature, and fire occurrence. The MODIS Terra satellite 
launched on December 18th, 1999. It has 705 km orbit and descending node in which 
the local time is 10:30 A.M. It has sun-synchronous, near-polar orbiting. The swath 
angle for this satellite is 2330 km (cross track) by 10° of latitude (along track) [35]. 
In addition, it has 36 bands with spatial resolutions of 250 m for bands 1–2, 500 m 
for bands 3–7, and 1000 m for bands 8–36 [36]. 

The data used for this research was MODIS Terra Land level 3 Daily Tiled LST 
Products (MOD11A1 Level 3 Daily Land Surface Temperature/Emissivity-1 km). 
The spatial resolutions for applied Aqua MODIS data for the current study are 1 and 
5 km. The source of the data was through this website (http://ladsweb.nascom.nasa. 
gov/). 

3.2 Satellite Data Analysis 

Needless to say, high-resolution LST is usually derived from thermal infrared satel-
lite observations using a multi-channel technique. In general, surface-emitted TIR 
radiance depends on its temperature and emissivity, varying with the wavelength. In 
the current study, 19 images have been used to analyze the temperature variation in 
2005. The images which have been downloaded are as follows: 12 images before the 
earthquake were downloaded within the period of 10th–21st February 2005. In addi-
tion, one image was downloaded during the earthquake on 22nd February 2005, and 
six more images after the earthquake were downloaded for the period of February 
23th–28th 2005. 

The same data before, during, and after the earthquake for 2005 were used for 
the years 2004 and 2007. Hence, in the current study, the data for one year before 
the earthquake (2004) and two years after the earthquake (2007) were considered 
as well. The MODIS satellite data for both 2004 and 2007 were downloaded from 
the same source as for 2005. So, 19 images were considered for 2004 and 2007

http://ladsweb.nascom.nasa.gov/
http://ladsweb.nascom.nasa.gov/
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from February 10th to 28th. The same data was also downloaded for the 10th to 
28th for 2007 and compared to 2005 to indicate that the temperature anomaly was 
due to the earthquake. The air temperature was also used to show the increase in air 
temperature during the earthquake. Therefore, the air temperature for February 2005 
was downloaded for the whole month. Air temperature for 2004 and 2007 were also 
used to compare with 2005. So, to measure the air temperature, the average of ten 
years before since 1994–2004, and six years after the earthquake since 2006–2011, 
compared with 2005 as background. 

3.3 Detection of LST Variation 

Detection of thermal anomalies has been described by Wan and Dozier [37]. In 
this technique, they used a split window and some statistical techniques to calculate 
thermal anomalies. Fortunately, MODIS has a product of LST, which can be used 
for research in order to indicate LST variation. Therefore, this study uses MODIS 
satellite LST data to indicate LST variation during the earthquake. As explained in 
the previous section, after downloading the images, the data were processed: first, 
pre-processing, the MODIS LST data have already been pre-processed. Secondly, 
the LST product data should be converted to LST in Kelvin and then Celsius. So, the 
first step is to convert LST data to Kelvin. In order to do this conversion, the LST 
data should be multiplied by a scale factor of 0.02. Hence, the conversion of LST 
data to Kelvin has been used (Eq. 1): 

LST (K) = RD ∗ 0.02 (1) 

where, LST (K) is the land surface temperature in Kelvin, RD is the raw data of 
MODIS LST, and 0.02 is the scale factor. 

Remote sensing software like ENVI was used to convert the first equation. The 
LST data in Kelvin was achieved through this conversion. Therefore, for this purpose, 
LST Kelvin was subtracted from 273. Then, all values have been changed to Celsius. 
Therefore, the conversion equation is given as Eq. (2): 

LST (◦C) = LST  (K) −273 (2) 

where, LST (°C) is LST data in Celsius. 
In order to indicate the growth of the thermal anomaly, the LST data in Celsius 

were transferred to ArcGIS software to show LST variation during the earthquake. 
Therefore, the data were transferred to ArcGIS 10.2. Then, the data was divided into 
nine classes using the symbology function. Finally, the data was exported and saved 
as a final LST map, so the variation of LST can be easily observed. The flow chart 
of this research is shown in Fig. 2.
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Fig. 2 Flow chart of research methodology adopted in this study 

4 Results and Discussion 

4.1 LST Variation Prior to Earthquake for 2005 

The results of the MODIS daytime series LST maps from 10 to 28th February 2005 
are provided in Fig. 3. The LST maps show a thermal anomaly that appeared before 
the devastating Zarand earthquake, which occurred on 22nd February 2005. The 
LST maps show that the LST on 16th February was 28 °C, while on 21st February it 
was 37 °C. Therefore, there was an LST difference of about 9 °C between both dates 
(Fig. 3). At some places, the LST was about 6–10 °C higher than the usual temperature 
in that period. In the daytime maps, it can be seen that before 15th February 2005, 
the LST in the region was indeed at the normal level. The development of a thermal 
anomaly around the earthquake epicenter started from 16th February 2005 and peaked 
on 21st February 2005, a day before the earthquake. After experiencing a thermal 
anomaly of about 5–9 °C, the LST in the region recovered to normal conditions on 
25th February 2005 (Fig. 3).

The investigation of pre- and post-earthquake thermal anomalies by analyzing 
LST images has shown valuable information about changes in the TIR regime of 
the affected area. The analysis of the time series of the LST maps from 10 to 28th
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Fig. 3 MODIS day time series LST maps since 10th–28th February 2005; white region indicates 
no data or cloud

February 2005 showed that anomalies started six days before the main shock. This 
anomalous LST region increases spatially and in intensity (Fig. 3). The results of this 
study are in line with previously published works including Choudhury et al. [38], 
Kancherla et al. [27], and Saraf et al. [22]. 

Panda et al. [31] analyzed the daytime MODIS LST product to the investigation 
of obtained LST and occurred Kashmir earthquake. The anomaly started to develop 
to the south-west of the epicenter and spread out to a large area with LST of 37– 
44 °C. The earthquake occurred on 8th October 2005. On 7th October 2005, just one 
day before the earthquake, the epicentral region experienced its highest temperature, 
which was around 4–8 °C different. In this study, during the Zarand earthquake the 
peak temperature was seen before the earthquake, and the thermal anomaly started 
six days before the earthquake. 

As a matter of fact, one of the causes of LST anomalies is tectonic stresses. It is 
known that an increase in rock pressure leads to an increase in temperature.
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4.2 Correlation Between MODIS LST and In-Situ Air 
Temperature 

The LST retrieved from the MODIS thermal infrared sensor was compared with in-
situ air temperatures observed on the same dates. The MODIS LST and maximum 
air temperature data are listed in Table 1. 

Table 1 shows the correlation between the MODIS LST and in-situ air temper-
atures from the 10th to 28th February 2005. To better understand the variations of 
LST and air temperature, they are graphically presented as mentioned in Fig. 4. As  
shown in Fig. 4, the MODIS-retrieved LST agreed well with the ground observation 
of air temperature. Interestingly, both LST and air temperature started to increase 
from 16th February and both also peaked on 21st February 2005.

As can be seen in Fig. 4, the air temperature for day 15th–17th February was 
around 8 °C, which started to rise gradually. A surface air temperature of 17 °C was 
recorded on 20th February 2005. Also, the region experienced its maximum rise in air 
temperature on 21st February 2005, which was 4–8 °C higher than the temperature 
of the previous days (19th–21st February), while the MODIS LST increased about 
1–7 °C compared to that during the period of 19th–21st February.

Table 1 MODIS LST and 
in-situ air temperature data 

Dates of February 2005 In-situ air temperature MODIS LST 

10 11.0 34.1 

11 7.0 24.0 

12 8.0 28.2 

13 7.0 21.5 

14 11.0 29.8 

15 8.0 30.8 

16 8.0 28.2 

17 8.0 29.5 

18 9.0 29.6 

19 13.0 30.8 

20 17.0 37.0 

21 21.0 37.0 

22 13.0 28.1 

23 10.0 28.4 

24 14.0 34.6 

25 16.0 32.8 

26 6.0 39.0 

27 13.0 25.3 

28 15.0 41.4 



78 H. Allahvirdiasl et al.

Fig. 4 Variation of MODIS LST and in-situ air temperature before and after the Zarand earthquake 
within the period from 10 to 28th February 2005. The black bar indicates the date of the Zarand 
earthquake

The MODIS LST on the 19th was 30.8 °C, while on 21st February, the temperature 
rose to 37 °C (Fig. 4). As is clear in Table 2 and Fig. 4, the MODIS LST reached 
a maximum on 21st February with the temperature of 37 °C, but on 22nd February 
a lower temperature was recorded. 28 °C was recorded for the MODIS LST and 
13 °C for air temperature for 22nd February 2005. After the 21st, both the MODIS 
LST and air temperature continued to decrease until 23rd February, and then both 
air temperature and the MODIS LST showed small increases on the 25th, which was 
16 °C for air temperature and 32 °C for the MODIS LST.

4.3 Comparisons of 2005 LST with 2004 and 2007 LSTs 

In order to ensure whether the increase in MODIS LST from 16th February 2005 was 
associated with the Zarand earthquake, the same analysis was also conducted for the 
years 2004 and 2007 within the same period (10th to 28th February). Furthermore, 
compared to the year 2005, there was no unusual MODIS LST increase which started 
from 16th February in both years 2004 and 2007 (Fig. 5).

Overall, the MODIS LST was in its normal condition in both 2004 and 2007. The 
MODIS LST for the years 2004, 2005, and 2007 are shown in Table 2. As can be 
seen in Table 2, for 2005 the peak temperature was recorded on 21st February at 
41.6 °C. This is the maximum value for this year in the period of 19 days from 10 to 
28th February. In order to compare 21st February 2005 with the previous year, i.e. 
2004, the LST recorded was 34.6 °C, which is 7 °C lower than 2005. On the 21st 
February 2007, the LST was 37.3 °C, which is 4 °C lower than on 21st February 
2005. In addition, in 2005 within the period of 16th–22nd February, the MODIS LST
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Table 2 MODIS LST for the 
years 2004, 2005, and 2007 

Day Year 2004 Year 2005 Year 2007 

10 36.5 34.1 35.0 

11 38.5 24.0 36.4 

12 37.6 28.2 35.6 

13 40.5 21.5 34.8 

14 42.3 29.8 36.4 

15 44.0 30.8 33.3 

16 37.8 28.2 40.0 

17 33.7 29.5 38.6 

18 40.3 29.6 37.4 

19 41.6 30.8 36.8 

20 39.5 37.0 36.6 

21 34.6 41.6 37.3 

22 40.0 28.1 32.2 

23 37.0 28.4 36.3 

24 35.8 34.6 35.2 

25 40.8 32.8 43.7 

26 41.0 39.0 35.9 

27 42.7 25.3 30.7 

28 40.4 41.4 36.4

Fig. 5 MODIS LST variation for the years 2004, 2005, and 2007. The black bar indicates the date 
of the Zarand earthquake
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increased gradually from 28 to 41 °C, while in the previous year the same increase 
cannot be seen. For 2004, within the 16th–22nd February period, the LST values 
were 33–40 °C (Table 2). 

In order to better understand the MODIS LST for the years 2004, 2005, and 2007, 
they are presented in Fig. 5. Furthermore, the time series LST maps for the years 
2004 and 2007 are provided for the period of 10th–28th February in order to compare 
with 2005. In 2005, the thermal anomaly started to increase from 6th–21st February, 
while no such thermal anomaly was observed in the years 2004 and 2007 (Fig. 6).

Research has been done by Saraf and Choudhury [21] into an earthquake in Bhuj, 
Gujarat, India. The earthquake occurred on 26th January 2001. In this research, 
thermal channels were used to calculate LST over the study area. The LST maps 
over the region have been provided to indicate the thermal anomaly. The data from 
the year 2003 from the same region and same dates were also used to study the LST 
situation and compare between LST in 2001, when the earthquake occurred, and 
2003, two years after the earthquake. It was seen that in 2003 there was a completely 
normal thermal scenario in and around the epicenter. This research shows that the 
increasing thermal anomaly in 2001 was due to the earthquake and there was no such 
thermal anomaly in 2003. 

4.4 Air Temperature Anomaly 

The in-situ air temperature data for the whole month of February were analyzed to 
understand the correlation between earthquake events and the air temperature varia-
tion. The air temperature data from the Zarand meteorological stations are available 
from the daily climate and weather data statistics website. The maximum tempera-
ture values were plotted against the dates within the period 1st–28th February. The 
maximum air temperature variation for February 2005 was compared with the normal 
air temperature (generated from ten years of data from 1994 to 2004, and six years 
from 2006 to 2011—Fig. 7).

The air temperature in Zarand showed a rise of around 4 °C on 19th February 2005 
and 5.5 °C on 20th February 2005 with respect to the mean normal air temperature 
(Fig. 7). On 22nd February 2005, the air temperature deviated as high as 7.5 °C from 
the normal air temperature, and on 26th February 2005, it was almost the same as 
that of normal conditions. Although the magnitude of the in-situ air temperature is 
lower than MODIS LST, the observed in-situ air temperature variation supported the 
LST variation observed by MODIS, showing that the thermal anomaly seemed to 
occur a few days before the earthquake and dissipated after the earthquake, which 
agreed well with previous results [31]. 

The difference between the in-situ air temperature magnitudes and MODIS LST 
is normal as the instrument used to measure in-situ air temperature is usually placed 
at 1.5 m above the ground [22]. Furthermore, the LST obtained from MODIS is the 
surface skin temperature estimated from the Earth’s emission [21]. The in-situ air 
temperature data from the daily climate weather data statistics website for the year
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Fig. 6 a Time series of LST maps for years 2004 and 2007 to be compared with 2005 (9 days). b 
Time series of LST maps for 2004 and 2007 to be compared 2005 (another 9 days)

2005 and the average of 10 years before the earthquake (1994–2004) and six years 
after the earthquake (2006–2011) are listed in Table 3.

Furthermore, before the earthquake on 21st February 2005, there was an increase 
in air temperature of 4–6 °C, which did not occur in 2004 and 2007. From 1st February 
to 10th February in 2004, 2005, and 2007, the in-situ air temperature showed similar
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Fig. 6 (continued)

patterns. From 16th February the air temperatures started to rise from 8 to 21 °C on 
21st February. After 21st February, the temperature decreased and on 24th February, 
the temperature relaxed to the normal condition (Fig. 8).
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Fig. 7 Temporal variation of in-situ air temperature collected at Zarand meteorological station for 
the year 2005 (maximum temperature), and mean of average values for the years 2006 to 2011 and 
the years 1994 to 2004. The black bar indicates the date of the Zarand earthquake

5 Conclusions 

The Zarand earthquake in Kerman Province in central Iran triggered numerous 
geo-hazards, including landslides, rock avalanches, and debris flows. These geo-
hazards caused heavy losses by destroying roads, burying villages, blocking rivers 
and damaging vegetation. It is noted that MODIS Terra thermal data sets have been 
confirmed to be valuable in successfully detecting earthquake thermal anomalies. 
The analysis of MODIS daytime LST and in-situ air temperature data for the whole 
month of February 2005 reveals a distinct, robust, and rapid rise in LST before the 
Zarand earthquake. The affected region may take days to weeks to attain normal 
temperature conditions after the main event. 

As successfully demonstrated in the present study to analyze LST variation for 
2005, the Zarand earthquake was associated with pre-earthquake thermal anomalies. 
The anomalies appeared six days before the earthquake. The increase in temperature 
ranges between 5 and 10 °C. The MODIS LST data for 2004 and 2007 data were 
also analyzed from 10th to 28th and compared to those of 2005, since there is no 
temperature variation in 2004 and 2007. The LST maps indicated normal conditions 
in 2004 and 2007, with no thermal anomaly, such as that seen in 2005. The analysis 
relates to the observational study for the detection of pre-earthquake anomalies, and it 
provides an understanding of the pattern of growth for TIR anomalies and may assist 
in the development of a reliable potential earthquake thermal precursor. Besides, 
regarding the air temperature, a pattern of growth has been observed in 2005. In-situ 
air temperature, like LST, has indicated growth before and during the earthquake.
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Table 3 Maximum of in-situ 
air temperature data for 2005 
and mean of air temperature 
for the years 1994–2004 and 
2006–2011, collected from 
Zarand meteorological 
stations 

Date Mean values 
2006–2011 

Mean values 
1994–2004 

Maximum values 
2005 

1 7.1 6.7 12.1 

2 7.2 7.5 9.2 

3 7.7 7.9 8.1 

4 6.1 7.0 10.3 

5 5.7 7.6 9.1 

6 5.3 7.5 10.2 

7 6.7 6.9 12.0 

8 6.7 7.3 12.0 

9 6.0 7.8 10.0 

10 7.7 7.7 11.0 

11 8.1 7.3 7.4 

12 7.6 7.9 9.0 

13 7.3 6.9 6.2 

14 8.1 8.2 11.2 

15 9.2 8.5 8.4 

16 10.8 8.7 8.4 

17 9.4 7.1 8.4 

18 10.9 7.5 9.8 

19 10.5 8.5 13.0 

20 10.6 9.0 15.1 

21 8.5 8.9 16.5 

22 9.3 9.6 17.2 

23 8.6 10.2 15.6 

24 9.3 10.0 12.8 

25 10.2 9.5 13.1 

26 11.8 10.6 10.2 

27 11.8 10.4 13.2 

28 12.3 9.4 15.2

6 Recommendations 

It is noted that the remote sensing missions in the future have an important role 
in calculating LST before each earthquake in the world. The new satellites with 
equipment sensors in better spatial, spectral, and radiometric resolutions can detect 
more anomalies before occurring of an earthquake. 

For example, in optical remote sensing, Landsat 9 will be equipped with the 
Thermal Infrared Sensor 2 (TIRS-2) to provide the LST and act as an upgraded 
version of the Landsat 8 TIRS instrument by solving the known stray light and
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Fig. 8 Temporal variation of maximum in-situ air temperature collected at Zarand meteorological 
station for 2004, 2005, and 2007. The black bar indicates the date of the Zarand earthquake

reliability issues with the TIRS. Furthermore, in radar remote sensing, Sentinels 4, 
5, and Sentinel-5P with orbits of geostationary and sun-synchronous can detect and 
measure the omitted surface temperature with more precision. Finally, although the 
prediction of earthquakes in the present time is impossible but more research on the 
earthquakes in different geographical locations by the advanced equipment in remote 
sensing data can predict an earthquake precisely and on time. 
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