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ABSTRACT  

Geomorphology is briefly the study of landforms and their formative processes on the surface of the planet earth as human habitat. 

The landforms evolution and the formative processes can best be studied by technologies with main application in study of elevation. 

Interferometric Synthetic Aperture Radar (InSAR) is the appropriate technology for this application. With phase differences 

calculations in radar waves, the results of this technology can extensively be interpreted for geomorphologic researches. The purpose 

of the study is to review the geomorphologic studies using InSAR and also the technical studies about InSAR with geomorphologic 

interpretations. This study states that the InSAR technology can be recommended to be employed as a fundamental for 

geomorphology researches.   

 

1. INTRODUCTION 

Geomorphology as the study of landforms and their formative 

processes is a multidisciplinary field most strongly associated 

with the geographic and geological sciences (Sack and Orme, 

2013).Geomorphology as a science describes surface terrain on 

the planet earth and explains the processes making the 

landforms and elevation changes (Murray et al, 2009). As a goal 

the science of geomorphology try to clarify the causes for the 

occurrences of morphological features of the earth, their 

topography and geographical distribution and also their 

evolution over time in order to recognize the roles they may 

play directly or indirectly in human societies (Harden, 2013; 

Murray et al, 2009). All the features on the earth may have 

displacements and changes in different time scales (Murray et 

al., 2009). For a thorough exploration and a better 

understanding of the earth objects, it is important to determine 

the rates of their movement in plane and height directions. The 

modern technologies help researchers in the field conduct their 

studies ever more accurately and rapidly (Slaymaker, 2001) 

about the landform movements. Interferometric Synthetic 

Aperture Radar (InSAR) is a technique appropriate to measure 

these movements. The technique uses some scenes of images to 

measure deformations and displacements based on geometric 

principles and radar wavelength properties using appropriate 

software programming (Gutierrez et al., 2011; Wadge et al., 

2011; Ebmeier et al., 2012). It has a great potential in the field 

of geomorphology (Gutierrez et al., 2011). 

InSAR is a method that can be applied to measure 

displacements and elevation changes of landforms using the 

phase difference between two Radar acquisitions (Gutierrez et 

al., 2011; Massonnet et al., 1995). It uses radar waves 

transmitted from spaceborne antennae and backscattered from 

the earth surface to measure changes between different radar 

acquisitions in different periods (Liu et al., 2013; Ebmeier et al., 

2012).As Radar waves are sensitive to elevation changes in 

earth surface and topography, it would be possible to detect 

elevation changes in millimeter for different time intervals using 

two images or a time series of images. Therefore, it will be 

useful to recognize spatial and temporal changes in elevation for 

interpretation of processes and forms on the earth surface. This 

will help avoid adverse effect of many hazards and 

environmental issues.  

So far, the researches concerning InSAR can broadly be divided 

into two categories. The first group contains the studies that 

applied INSAR technique to monitor some human and natural 
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phenomenon or analyze an issue on the earth surface (Wechsler 

et al., 2009; Garcia and Mahan, 2012; Waele et al., 2011; Ruch 

et al., 2008; Liu et al., 2013; Gutierrez et al., 2011; Intrieri et al., 

2013). The other group includes the studies that have attempted 

to improve accuracy and enhance the results of the technique or 

recognize validation and comparison between applications and 

uncertainties (Goudarzi et al., 2011; Zhou et al., 2012; Catterjee 

et al., 2009; Nolesini et al., 2013; Tralli et al., 2005; Kruse, 

2012; Champenois et al., 2012; Riddick et al., 2012;Zhao et al., 

2012). There are many researches about the application of the 

technique in a few geomorphology processes and forms 

(Wechsler et al., 2009; Wadge et al., 2009; Zhao et al., 2012; 

Metternicht et al., 2005; Ebmeier et al., 2012; Goudarzi et al., 

2011; Intrieri et al., 2013) but there is no comprehensive study 

to explicitly review capabilities and applications of the 

technique in different fields of geomorphology. The evidence 

and interest in studies using this method are ever increasing. 

From Table 1 it can be understood that the studies about 

InSARtechnology is increasing over time so that before 1950 

there was certainly no studies about the technology. The number 

of articles and books with InSAR application in geomorphology 

related studies in ever increasing so that it increased from a few 

before 2000 up to 270 articles and books in the middle of 2013 

as it was reported by Scopus database.  

Periods 
No. of 

ArticleS 
No. of 
Books 

InSAR in geomorphology 

No. of 

Articles 

No. of 

Books 

1950-
2000 

62 2 1 0 

2000-

2005 
276 18 33 2 

2005-

2010 
896 55 157 16 

2010-
2014 

1218 73 231 39 

Table 1: the table indicates the number of articles and books 

about InSAR and with InSAR application. (From Scopus 

Website) 

In this study the INSAR techniques are clarified and a review is 

provided about different application of the technique in 

geomorphology researches. Following each application the 

results are interpreted in terms of geomorphology studies. For 

instance, movement of sand dunes in arid regions towards urban 

and rural areas, changes in aquifers as affecting the 

morphology, movements of glaciers (Owen et al., 2009; Frey 

and paul, 2012; Intrieri et al., 2013) and activities of volcanoes 

(Intrieri et al., 2013; Ebmeier et al., 2012; Nolesini et al., 2013; 

Wadge et al., 2011; Tralli et al., 2005) and earthquake 

deformations (Goudarzi et al., 2011; Tralli et al., 2005; 

Champenois et al., 2012) implies the importance of INSAR 

technology in geomorphology. Production of a consecutive 

images of SAR data in a wide span with a proper spatial 

resolution and acceptable accuracy provided researchers with a 

powerful tool to investigate different subjects in environmental 

hazards of earthquake (Ruch et al., 2008), subsidence (Gutierrez 

et al., 2011; Ebmeier et al., 2012; Lucha et al., 2012), landslides 

(Liu et al., 2013; Lauknes et al., 2010; Tralli et al., 2005), water 

level changes (Liu et al., 2013; Tralli et al., 2005), fluvial 

systems (Bertani et al., 2013; Gutierrez et al., 2011; Howard et 

al., 2012), erosion (Dalfsen et al., 2012), DEM and topographic 

maps development (Zhao et al., 2012; Kervyn, 2001), coastal 

changes (Garcia and Mahan, 2012; Tralli et al., 2005), sand 

dune movements in deserts. The capabilities of INSAR are not 

well understood in the studies of geomorphology and 

hydrology. It has been used for displacement and deformation in 

different fields of study, but what makes it important in 

geomorphology is a geomorphologic interpretation of the results 

of these analyses. After the interpretation of the results of 

INSAR in any field of study we can find the prevailing 

processes by detecting changes in landforms. Using rates of 

deformations in the morphologies of the earth it is possible to 

relate these values with the strength and behavior of the 

processes influencing these forms. The results, so far, were 

mainly discussed in theory as a technology of remote sensing. 

There are rarely interpretations of the results in terms of 

geomorphology to make it possible for a useful application in 

urban and rural development management, environmental 

hazards and tourism. Therefore, the results of INSAR can better 

be used by geomorphologic interpretations of earth surface 

features and events for a more accurate management and 

decision making.    

2. INSAR INTERPRETATION IN 

GEOMORPHOLOGY 

2.1. Landslides  

In most cases the indication of mass movements by InSAR data 

is based on ground based SAR interferometry (Xiaobing,2009; 

Tarchi et al., 2003). There are lots of evidence about 

measurements of landslide movement by InSAR technique (Liu 

et al., 2013; Zhao et al., 2012; Handwerger et al., 2013; Rott and 

Nagler, 2006; Intrieri et al., 2013; Golestani and Wasowski, 

2006; Tralli et al., 2005).  These analyses can provide the 

researchers with available information to find the landslide 

areas and the prevailing processes for these landform changes. 

The results can represent the vulnerable areas for regional 

planning studies and environmental changes.   

2.2. Land subsidence  

Nowadays, technique of InSAR is one of the most important 

tools to examine the surface deformation by different processes. 

Land subsidence was frequently measured and analysed in 

different evidences (Dehghani et al., 2006; Gutierrez et al., 

2011; Ebmeier et al., 2012; Lucha et al., 2012; Rigo et al., 2013; 

Zhao et al., 2012).  Fan et al., (2011) indicated that the land 

subsidence can accurately be measured and analysed with 

Differential Interferometric Synthetic Aperture Radar (D-

InSAR) technique for a wide areas. Poland et al., (2006) with 

study of deformations by steady subsidence in California 

attributed the form changes somewhat to tectonic processes. 

Luchaet al., (2012) studied changes in fluvial landforms and 

subsidence and attributed these changes to desolusion of 

evaporites and Karstifications.  Bawden et al., (2001) found the 

seasonal deformations in subsidence and uplifting due to the 

process of recharge in ground water table. Osmanoglu et al., 

(2008) studied the subsidence in mexicocityurban area as 

a hazard and found it due to the process of lowering in 

ground water level. The studies in arid areas had more 

accurate results than those in mountainous areas.  

2.3. Geomorphology map development   

With InSAR technology this is possible to generate high quality 

geomorphology maps from earth surface terrains. This help to 

distinguish geomorphology units easily particularly in forest 

areas with huge vegetation cover (Zhao et al., 2012; Kervyn, 

2001). It also made it possible to obtain the knowledge of 

topographic features in inhospitable areas including hot deserts 

or mountain summits (Barzegar, 2005).  

2.4. Volcanology  
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Magma activity beneath the earth surface would have 

morphological variations in earth surface. Using InSAR this can 

be detected and modeled to prevent probable devastating 

volcanic eruptions. As optical images are not very suitable for 

detection in very humid areas, Radar images with the 

technology make the required data easily achievable for 

researcher (Zhong, 2007). The technology is widely used for 

vertical movements and landform deformations by volcanos 

(Intrieri et al., 2013; Ebmeier et al., 2012; Nolesini et al., 2013; 

Wadge et al., 2011; Tralli et al., 2005; Amelung et al., 2000; 

Massonnet et al., 1995; Kampes,2006).  

2.5. Sand dune movements   

The movements and migration of sand dunes can be measured 

in desert areas for environmental, archeological, and mine 

studies. With two frequency radar system that employs two 

bands of VHF and Ka the InSAR technology may have the 

application to estimate the volume of the dunes. In that, by these 

two bands radar waves can penetrate into the sand and generate 

topographic maps of the terrains below the dunes. The advance 

of sand dune can be monitored to prevent the hazards of 

enveloping of settlements in near desert areas by huge dunes. 

2.6. Ice and glacier movements  

As radar technology use microwave spectral bands transmitted 

by satellite antennae instead of emitted waves from earth 

surface reflectance, this can be used to estimate the volume of 

ice in polar areas and in mountain glaciers every time it is 

required. Radar waves penetrate into the ice and snow and can 

produce topographic maps of the terrains below the glacier 

areas (Soheyli, 2010). By InSAR technology the migration of 

ice masses can be measured to show their rate of movement 

(Mobasheri, 2010) and its relationship as a process in forming 

glacier landforms. The movement of floating ice caps and 

icebergs and their volume and position can be explored to know 

their influence in coastal landforms by marine waves (Vajedian, 

2008). 

3. CONCLUSION  

Geomorphology as an interdisciplinary field mainly has 

relations both with physical environment and human society. 

Landforms and their evolution in surface of the earth and height 

characteristics of physical terrain in an area and the influence of 

different processes is mainly emphasized in geomorphology. 

The effects of elevation variations and distribution in different 

area upon human activities is very important for study of 

environmental hazards and other environmental and planning 

researches in geomorphology. In one hand, geomorphology is 

mainly concerned with landforms and elevation and their 

evolution and, on the other hand, the InSAR technology is 

mainly applicable for elevation studies on earth surface. 

Therefore, the technology can be specifically employed for 

geomorphologic researches.   
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