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Abstract - A large range of satellite methods is useful now in seismology. The primary applications of satellite 
information for earthquake investigation were initiated in the ‘70s, when energetic faults were mapped on satellite images. It 
was an unadulterated and effortless extrapolation of air photograph geological interpretation methods into space. The current 
personification of this method is alignment analysis. Time sequence of alignments on the Earth’s surface is investigated 
before and after the earthquake. An advance purpose of satellite information in seismology is connected with geophysical 
methods. Electromagnetic methods have about the similar long narration of application for seismology.  Constant statistical 
estimations of ionosphere-lithosphere relation were obtained based on satellite ion bonds. The most successful recent plan 
“DEMETER” shows remarkable results. Various outcomes comprise confirmed previous observations of thermal anomalies 
on the Earth's surface prior to earthquakes. In ‘80s a new technology satellite radar interferometer opened a fresh ways. 
Magnificent films of pre-seismic deformations were obtainable. Current researches are stirring in the way of pre-earthquake 
deformation finding. GPS technology is also broadly used in seismology both for ionosphere sounding and for ground 
movement recognition. Satellite gravimetry has demonstrated its initial extremely notable domino effect on the example of 
the catastrophic Indonesian earthquake in 2004. Pretty innovative applications of remote sensing for seismology as 
atmospheric sounding, gas observations, and cloud analysis are measured as possible candidates for applications. 
 
Index term - Earthquake,  pre-seismic, remote sensing, fault, analysis, technology. 
 
I. INTRODUCTION 
 
Remote sensing has been used for earthquake 
research from the ‘70s, during the most important 
appearance of satellite images. First of all it was used 
in structural geological and geo morphological 
research. This technique is very restricted in time 
series analysis. There was no alternative method to 
determine short term processes before and after the 
earthquake. It was easy an extrapolation of air 
picture geological study methods. The current 
version of this technique is active tectonic study 
with the application of alignment study. Time 
sequence of arrangement distributions on the Earth's 
surface are investigated before and after an 
earthquake. 
 
The current situation of remote sensing philosophy 
for earthquake investigate indicates only a few 
phenomena, linked with earthquakes, mostly the 
Earth's surface deformation, surface temperature and 
humidity, atmosphere temperature and humidity, gas 
and aerosol content. Both horizontal and vertical 
deformations scaled from tens of centimeters to 
meters are recorded gone the surprise such 
deformation are recorded by the Interferometric 
Synthetic Aperture Radar (InSAR) technique with 
confidence. Pre-earthquake deformations are 
relatively minute, on the order of centimeters. In 
some cases of deformation mapping previous to the 
surprise using satellite information are recognized at 
current time. Upcoming developments place in 
precision long wave InSAR systems with 
intermediate spatial resolution and combined with the 
GPS technique. There are many observations of 
surface and close to surface temperature increases of 

3–5 °С prior to Earth crust earthquakes. Methods of 
earthquake estimation are escalating using thermal 
infrared (TIR) surveys. Several evidence of gas and 
aerosol content changes before earthquakes are 
reported for ground clarification. Satellite methods 
permit one to gauge the concentrations of gases in 
atmosphere: O3, CH4, CO2, CO, H2S, SO2, HCL 
and aerosols. on the other hand the spatial resolution 
and understanding of present systems restricts the 
function of satellite learn in  seismology  and  the  
main    results  have  been  obtained  only  for  
ozone,  aerosol  and air humidity. The information 
that seismology provides has broadly varying degrees 
of uncertainty. While others, such as the degrees of 
damping of seismic energy within the inner core, are 
known only very approximately. The seismic  
radiation  patterns  of  earthquakes  are  now  
normally  mapped,  but  a lot of significant aspects of 
the physics of earthquakes themselves remains a 
mystery. 

I.  
II. DEFORMATIONS  
 
One of the key information of remote sensing 
relevance for seismology is deformation mapping. 
Surface deformations in seismic cycles can be 
divided into three phases: pre-seismic or inter-
seismic, pre-seismic and post-seismic ones. Pre-
seismic deformations are evaluated up to meters and 
tens of meters while pre-seismic movements amount 
to centimeters. Post-seismic deformations are also 
calculated in centimeters, except consequent 
landslides can amplify deformations to meters. Most 
current research is paying attention on co-seismic and 
post-seismic (landslide) deformations.  
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1. OPTICAL SENSORS  
The first application of satellite images in seismology 
was related to structural geology and geomorphology. 
Active faults and geotectonic were the research aims. 
Epicenter zones of recent earthquakes were studied 
on the space images. Image interpretation depended 
on visual methods.  The interpreter selected faults 
with sharp borders, shift of river valleys, etc. One 
example of such an application is shown on Figure1. 
Figure 1 Main fault systems of North Arabian plate, 
1) active faults 2) late Cenozoic faults 3) Cenozoic 
thrusts 4) alignment on the base of satellite 5) 
anticlines.  pre-seismic  and  post-seismic  
(landslides)  deformations  are  mapped  by  modern  
optic  satellite systems. Typical example of high 
resolution satellite images application for surface 
deformation is presented on Figure 2 Change 
detection methods are widely used for landslide 
deformation mapping. 
 

 
Figure 1 

 
Figure 2 Surface deformations mapping from 
Chamoli earthquake, (29 March 1999 Himalaya, 
India earthquake magnitude of 6.3). Images are 
before and after the earthquake, (a) 26 March 1999 
pre-earthquake image from IRS-1C-PAN, (b) 31 
March 1999 post-earthquake image from IRS-1C-
PAN.    
        

 
            Figure 2(a)                                     Figure 2(b) 
 
Deformation mapping with optical systems as a 
technique to measure horizontal movements was 
developed recently, after the In SAR deformation 
method. The technique is based on a sub-pixel 
correlation technique. Miss-registration due to 
stereoscopic effects is compensated together with 
those due to the changing attitude of the satellite 
during image acquisition. Residual miss-
registrations then reflect ground deformation. SPOT 
panchromatic images were apply to the Landers 
earthquake (USA), the Izmit earthquake (Turkey) and 

the Chi-chi earthquake (Taiwan) .The method provides 
estimation of with an accuracy of about 0.5 m. The 
displacement field obtained from this technique can 
be used to map pre-seismic ground deformations and 
measure slips on the fault. In SAR technique provides 
precise measurements a few kilometers  away  from  
the  faults  but  usually  can  not  generate  complete  
deformation  map  in  the near-fault zone. Optical 
displacement method can supplement In SAR 
technique to cover this disadvantage of the In SAR 
technique.  Lineament  analysis  has  become  the  
new  step  in  the  application  of  optical  information  
sensors  in seismology. Time series of alignment 
distributions on the Earth's surface are investigated 
before and after an earthquake. Significant changes in 
alignment distributions (density, direction) were 
recorded before an earthquake. 
 
The application of optical methods for deformation 
mapping has limited use now due to cloud problems. 
It does not allow one to get long time image series for 
analysis. On the other hand, the physical basis of 
optical sensor applications for deformation mapping 
before the shock is not clear. The main trend of 
optical sensors in the nearest future will be related 
with post-seismic deformation mapping, especially in 
epicenter areas, with high resolution satellite systems.                      
 
2. InSAR 
The InSAR method is used to study small-scale 
facial appearance in the deformation field i s  
connected with earthquakes. Satellite interferometer 
is based on multi temporal radar interpretation. 
InSAR is a method  by  which  the  phase  differences  
of  two  or  more  SAR  images  are  used  to  
calculate  the differences in range from two SAR 
antennae having slightly different viewing geometries 
to targets on the ground. As a result, displacements 
on the Earth's surface in range of centimeters and 
millimeters can be measured. The InSAR results 
show significant deformation signatures associated 
with faults, fractures an d  subs i den ce . The first 
purpose of satellite interferometer for earthquake 
research was established in the ‘90s by Massonnet et 
al.  
The well-known “butterfly” image (Figure 3) of 
the Landers earthquake (M = 7.3, 28 June 1992) 
was compiled on the base of pre-seismic image 
of April 24, 1992 and post-seismic scenes: August 
7, 1992; July 3, 1992 and June 18, 1993 the 
comparison of the observed interferometric picture 
and modeled scheme of earthquake deformations 
shows many similar details (Figure 5). Similar images 
have been obtained for all the significant earthquakes 
of the last decade. (a)Neftegorsk in Russia (1995), 
(b)Bhuj in india (2001), (c)Bam in iran (2003), 
(d)Sumatra in indonesia (2004) Etc. All these cases 
demonstrate pre-seismic and post-seismic 
deformations.        
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Figure 3 Average displacement rate in Tokai, 
Japan, 1992–2000 years, vertical deformation, 
mm/year. 

   
Figure 3 

 
The following study has revealed surface 
deformations three year before the Chi-chi earthquake 
(1999, Taiwan).  ERS-2 radar scenes were used to 
recognize probable precursory surface deformation in 
the areas of the major fault before the Chi-Chi 
earthquake. It was found that surface deformation 
begin at least three years before the Chi-Chi 
earthquake in the areas to the west of the northern 
segment where clear co-seismic surface deformation 
patterns were observed in figure 4. 
Figure4 .  Pre-seismic and co-seismic ground 
deformations for the Chi-Chi earthquake (M = 7.6, 
20 September 1999, Taiwan).  (a)  Pre-seismic 
deformations between 16 May 1996 and 14 August 
1997. (b) Co-seismic ground deformations between 
15 July 1999 and 12 October 2000.  
 

 
                              Figure 4 

 
The further enhancement of the InSAR technology 
will allow us to record very fine difference in surface 
displacement. The currently operated 
COSMO/SkyMed operation aims to give daily 
interpretation, overcoming restricted observational 
frequency, by using a constellation of four satellites. 
The existing collection consists of three medium-size 
satellites, each one equipped with a microwave high-
resolution SAR operating in X-band (31 mm), having 
~600 km single side access ground area, orbiting in a 
sun-synchronous path at ~620 km height above the 
Earth surface, with the capability to change  attitude  
in  order  to  acquire  images  at  both  right  and  left  
side  of  the  satellite  ground track. TERRASAR-X 
(wavelength-31 mm) radar also provides reliable 
information for surface deformation measurements. 
Existing satellite InSAR instruments have X-band 

and C-band (a wavelength of 56.6 mm), offering high 
resolution, but they only provide reliable 
interferograms for coherent, non-vegetated 
surfaces.Information from the JERS-1 satellite 
demonstrated during its lifetime that L-band (236 mm 
wavelength) satellites propose reduced resolution 
but provide interferograms over a far greater range 
of surface cover types. Modern L-band (236 mm 
wavelength) SAR PALSAR onboard Japanese 
satellite also supplies high quality information for 
interferometry. Unfortunately, this instrument is 
designed to test applications other than 
interferometry, so it provides only limited support for 
deformation analysis. Future missions like MOSART 
(Monitoring of Surface Deformation in Active 
Tectonic Zones) and TERRASAR-L are still not 
realized. The InSAR technique opens new fields of 
remote sensing applications in seismology. InSAR 
methods are the best tool to study earthquake 
deformations at the moment after the shock. New 
systems will allow us to shift to pre-seismic 
deformation measurements and earthquake 
forecasting. Epicenter  area deformations  are  still  
problem  for  InSAR  due  to  consistency  loss  and  
permanent scatter obliteration 
 
3. GPS  
As GPS interpretation are not firmly a remote sensing 
application, only a few examples of their use for the 
study of surface deformations will be listed 
below. It was mentioned above that InSAR 
technique is more sensitive for vertical deformations, 
while the GPS method is capable of recording long 
Period horizontal movements. Vertical ground 
deformations in Tokai area, Japan, revealed by 
InSAR (Figure 3) were accompanied by horizontal 
ones recorded by GPS. Sea plate sub ducts beneath 
the continental plate from the Suruga and Sagami 
troughs. The black arrow represents the observed 
ground displacement rate in cm/year for the period 
between 1997 and 1999. Stroke line represents the 
estimated source area of the expected Tokai 
earthquake.  
 

 
Figure 5 

 
Figure 5 Horizontal deformations measured in tokai 
by GPS. The Philippine  GPS information show that 
the Sumatra earthquake of 26 December 2004 (M = 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-4, Issue-5, May-2018 
http://iraj.in 

Modern Remote Sensing Methods in Seismology 
 

81 

9.0) was generated by a rupture  of  the  Sundae  
mega thrust  over  a  distance  of  >1,500  kilometers  
and  a  width of <150 kilometers. Mega thrust slip 
exceeded 20 meters offshore northern Sumatra, 
mostly at depths shallower than 30 kilometers.  
Comparison of the geodetically and seismically 
inferred slip distribution indicates that approximately 
30 % additional fault slip accrued in the 1.5 months 
follow in the 500-second-long seismic rupture.  
 
4. GRAVITY 
The detection of an earthquake by a space-based 
gravitation measurement was reported in 2006 .The 
Gravity Recovery and Climate Experiment (GRACE) 
satellites observed ± 15-microgalileo gravity change 
induced by the 2004 Sumatra earthquake (Figure 7). 
Co-seismic deformation produces rapid changes in 
the gravity field by vertical displacement of Earth's 
encrusted density structure and by changing the 
densities of the crust and mantle. GRACE's 
sensitivity to the elongated spatial wavelength of 
gravity changes resulted in approximately equal 
assistance of vertical displacement and dilatation 
effects in the gravity measurements. The GRACE 
observations give proof of crustal dilatation 
consequential from an undersea earthquake.  
 

 
Figure 6 

 
GRACE is more sensitive (~50% signal retained) to 
the dilatation effect than to the vertical gravity 
change a few % from the Sumatra EQ co-seismic 
signals. The negative effect is due to density changes 
in the crust and the mantle, largely due to expansion 
of the crust.                  
Figure 6 Satellite information showing the gravity 
changes for the Sumatra earthquake (M = 9.0, 26 
December 2004, Indonesia). (a) A composite 
image from GRACE observed gravity change (±15 
μgal). (b) Seismic model predicted gravity vary at 
GRACE resolution. 
 
III. DISCUSSION  

.  
Wide spectrums of satellite remote sensing methods 
are applied in seismology k n o w  a days. The 
value of these methods for earthquake research is 
varied. Optical methods have limited applications, 
mostly for rapid assessment of damages in an 
epicenter zone. Other applications such as coalition 

study and obscure form analysis connected with 
earthquakes do not have an adequate scientific basis 
for seismological application. Nowadays InSAR 
method applications are extended in seismology is 
observed. Modern radar systems in conjunction with 
GPS/GLONASS will provide whole seismic cycle 
monitoring. Broad application of InSAR methods is 
limited by the high information cost and complex 
information analysis. Some general observations on 
satellite information application in seismology can be 
made: (1) the level of usual information dealing out is 
insufficient. There is still too much manual labour 
and instigator unpredictability in information 
processing-this concerns both exotic earthquake 
cloud analysis and high technique radar methods. 
Some results are irreproducible. (2) There is a weak 
physical and geological basis for many of the 
proposed methods. The nature and dynamic forces of 
some phenomena need explanation and association 
with current understanding of physics and geology. 
 
CONCLUSIONS  
 
This modern remote sensing method in seismology 
explains the following feature. 
 (1) A wide spectra of remote sensing methods are 
applied from optical sensors to radar systems. 
(2) The list of factors studied by remote sensing are 
surface deformation (both vertical and horizontal), 
various heat fluxes on the Earth, top clouds surfaces, 
surface temperature and some others. 
 (3) Further development of remote sensing 
application for earthquakes are L-band radar systems, 
gas analyzers, high- resolution microwave 
radiometers.  Whereas remote sensing methods are 
play a key role, due to its global scope, calibration, 
and automatic information processing. 
The described processes in the ionosphere, 
hydrosphere, lithosphere and atmosphere related with 
earthquakes represent the fundamental science issue 
of lithosphere-atmosphere-ionosphere pairing. The 
solution of this problem is quite far away. We can 
mention specifically the problems of, the nature of 
emitted long wave radiation anomalies, ionosphere-
lithosphere coupling and so on. All these issues 
interface with the problem of understanding the nature 
of earthquake. 
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