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I. INTRODUCTION



What is remote sensing?

• Remote Sensing  - art and science 
of observing an object without 
having a physical contact with it 
(Lillesand et al., 2015)

• Two types of remote sensing 
based on energy source
• Active remote sensing

• Passive remote sensing

• Three types of remote sensing 
based on sensor
• Optical – visible light

• Infrared – thermal infrared, short 
and medium wavelength infrared

• Radar – microwave, radio

PassiveActive
Hennig, 2013

OpenStax, 2019



What is InSAR?
• Interferometric Synthetic Aperture 

Radar
• Phase data from interference or 

superimposition of EM waves from 
different viewing angle (parallax) 
generates topography of an area 

• Uses repeated pulses to replicate a 
large antenna

• Microwave EM spectrum

What is DInSAR?
• Differential + InSAR

• Generated by the pre- and post-event images 

from a satellite

• If a DEM is used to remove topography, InSAR

could be used to measure displacement 

Funning, 2019



• Radar image of Pinatubo Volcano 

(7 April 2014)

• Different geometrical 

characteristics as opposed to 

optical remote sensing due to 

sidescan method of acquisition

ESA, 2014
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II. INSTRUMENTS AND 
PROCESSING



Pham et al., 2019

Moreira et al., 2013



• Pair of earth observation satellites 
launched by ESA

• Orbit

• Sun synchronous orbit with declination 
of  98.16o

• 6 day (pair of satellites) or 12 day 
(single satellite) repeat pass on same 
area

• Center frequency = 5.405 GHz (C-band)

• Incidence angle = 20o to 46o

• Look direction = right

• 1 fringe =  approx. 3 cm of LOS 
displacement

Sentinel 1-A & B

ESA, 2019a

Valkaniotis et al., 2017



• Satellite launched by JAXA last 4 May 
2014

• Orbit:

• Sun synchronous orbit with 
declination of 97.9o

• 14 day repeat pass on same area

• Center frequency = 1.25 GHz (L-band)

• Incidence angle = 8o to 70o

• Look direction = right or left

• 1 fringe =  approx. 12 cm of 
displacement

ALOS-2

JAXA, 2014

2015 MW7.8 Gorkha Earthquake in Nepal
Lindsey et al., 2015



DInSAR processing

Simons and Rosen, 2015

• Coregistration of InSAR and DEM basemap

• Alignment of pre- and post- event InSAR images

• Transforming the coordinates of DEM data from 

geocoordinates to radar coordinates

• For time series analysis:

• Resampling of slave images with respect to 

the master image

• Stacking of slave images

• Generation of interferogram

• Two complex images are combined to produced 

an interferogram

• Filtering

• Increasing the signal to noise ratio (SNR)

• Remove topography and ionospheric noise

• Unwrapping

• Geocoding and modeling

• Transforming the coordinates of interferogram 

and LOS into geocoordinates

• For time-series analysis, generation of velocity 

map using SBAS (Berardino et al., 2002)

• Comparison with other geodetic methods



DInSAR processing softwares

• SNAP

• GUI processing software 

developed by ESA to 

process Sentinel data

• It could also process ALOS-

2 images

• Ease of use due to presence 

of graph builder and batch 

processing modules



DInSAR processing softwares

• GMTSAR

• Developed by the Scripps 

Institute of Oceanography

• Doesn’t have GUI

• Uses bash scripts to process 

InSAR images

• This software could process 

many types of InSAR

satellite data such as 

Sentinel 1, ALOS-2, 

Radarsat, Envisat



DInSAR processing softwares

• ISCE

• Developed by the NASA-JPL

• Doesn’t have GUI

• Uses Python scripts to 

process InSAR images

• This software could process 

many types of InSAR

satellite data such as Sentinel 

1, ALOS-2, Radarsat, Envisat

• Among all the software used, 

ISCE is the fastest and the 

most flexible of them all



III. USES OF DINSAR



Uses of DInSAR for geohazard studies

• Earthquake

• Identification of possible 
seismogenic fault

• Measure coseismic slip and 
interseismic slip rate

• Volcano
• Measurement of inflation and 

inflation rate

• Measurement of viscoelastic 
response due to magma flow

2019 MW 6.4 and 7.1 Ridgecrest 

Earthquakes
Source: Ross et al., 2019

2010-2011 Taal volcano inflation event 
Source: Morales Rivera et al., 2019



IV. OUTPUTS
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V. Conclusion

• DInSAR is an effective tool in detecting earthquake ground 
deformation
• However, sensor limitations, atmospheric conditions and ground manifestation 

of the earthquake may result to non-detection

• Non-detection of volcano inflation/deflation trend using time-series 
methods from DInSAR due to low coherence of the interferogram 
networks

• Could be improved if L-band satellites (e.g. ALOS-2) are used instead of C-
band satellites (e.g. Sentinel 1) which are more sensitive to ground 
deformation



VII. Way Forward

• Forward modeling using 
known earthquake parameters 
to properly constrain the 
interferogram related to the 
earthquake

• Acquire ALOS-2 satellite data 
to detect volcano 
inflation/deflation trend

Bagnardi and Hooper, 2018
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