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 Earth subsidence has been one of the important issues jeopardizing environment and there are 
many studies, which blame shortage of underground water resources for having uplift and 
subsidence. However, many argue such conclusion and believe that earth subsidence has been 
studied in the past without considering the changes in the hill over a long period. In this study, 
we use SAR interferometry study to investigate earth subsidence in dessert areas of Esfahan, 
Yazd and Ardakan, located in central part of Iran. The results indicate that there are more 
important issues affecting subsidence such as the uplift in the hills located the desert area. The 
results of the survey based on SAR interferometry reveals that subsidence occurs with the uplift 
in the adjacent hills, simultaneously called Soft isostasy in geomorphology. In other words, the 
subsidence is more associated with the movement of the surface of the desert to reach 
equilibrium than shortage of underground water resources. There is an equilibrium line between 
the uplift and subsidence where is changes of the surface tends to zero.  
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1. Introduction 
 

Earth subsidence has become one of the most important studies among geomorphologies. There are 
different theories to explain the reasons behind the earth subsidence such as the shortage of 
underground water resources, emerge of lava from underground, mining operations, melting the ices, 
oil refinery operations, etc. The primary outcome of all these operations is to see a number of cracks 
on the surface of lands. During the past few three decades, there have been tremendous operations for 
using underground water resources. Many people believe that these operations are important reasons 
for having so many cracks in the lands in Iran. During the past two decades, the weather condition in 
Iran has been dry; there were shortage of water resources and there has been an increase on using 
underground water resources. However, there have been many arguments that there is not a strong 
scientific proof to blame shortage of water resources as the only reason for such incidents. During the 
past few years, there have been different attempts to investigate  such incidents (Jonathan, 2001, 
Gutiérrez, 2004).  
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Heidari et al. (2011) reported that most sinkholes in the Hamedan region central plain in western Iran 
are developed in partially unconsolidated sediments overlying Oligo-Miocene limestone. They 
performed a detailed analyses of hydrologic and hydrogeologic conditions from 1988 to 2008 and 
reported that conditions were favorable for sinkhole development. These sinkholes developed in 
groundwater discharge areas near the base of karstic Oligo-Miocene limestone in zones with major 
groundwater circulation, thick overburden and a close proximity to deep-source carbon dioxide gas. 
According to Heidari et al. (2011) high carbon dioxide partial pressures, created by rising gases from 
pneumatolytic and hydrothermal phase sources, renew the aggressiveness of the water in the vicinity 
of the discharge zone. The acidic water dissolves limestone, especially along the fractures and joints. 
Moreover, the presence of large conduits below the surface allows for the transport of unconsolidated 
sediments and the continual development of sinkholes. 
 
Stecchi et al. (2009) performed a curvature analysis as a tool for subsidence-related risk zones 
identification in the city of Tuzla. They claimed that the massive extraction activities had led to 
severe subsidence accommodated by collapse and strain localization. They analyzed the salt 
dissolution-related morphological development of the Tuzla topography to identify the location of 
faults and fractures in the deformed area. They also implemented curvature analysis to the subsidence 
surface using two different analytical methods of the directional as well as two-dimensional curvature 
and the analytic Gaussian curvature. The comparison of the curvature maps with those of surface 
fractures visible in the area reported that a good spatial agreement between the directional curvature 
and fracture intensity, whereas the subsurface normal faults were more evident in the Gaussian 
curvature maps. 
 
Keller et al. (2007) investigated the geomorphology of the western sector of the Mid-Channel 
Anticline (MCA), Santa Barbara, Southern California and reported that the actively growing fold is 
laterally propagating to the west. The presence of fold scarps and cross faults that segment the 
structure recommends that buried faults, which are producing the folding are present at shallow 
depths. According to their studies, evidence for presence of the island indicates terrestrial erosion and 
the assumption of sea level change and rates of uplift and subsidence. Guccione et al. (2001) studied 
stream response to repeated coseismic folding, Tiptonville dome, New Madrid seismic zone. Malik 
and Mohanty (2002) studied active tectonic influence on the evolution of drainage and landscape 
geomorphic signatures from frontal and hinter land areas along the North western Himalya, India. 
 
In this paper, we present an empirical study to use SAR interferometry study to investigate earth 
subsidence in dessert areas of Esfahan, Yazd and Ardakan, located in central part of Iran. The 
orientation of this paper, first explains the necessary tools implemented for this research in section 2 
and details of our computations are given in section 3. Finally, concluding remarks are given in the 
last to summarize the contribution of this paper. 
 
2. The proposed study 
 
The proposed study of this work use Syenthetic aperture radar to measure the changes in the surface.  
 
2.1 Synthetic aperture radar (SAR) 
 
Synthetic aperture radar (SAR) is a kind of radar in which sophisticated processing of radar data is 
implemented to generate a very narrow effective beam by moving tools over relatively immobile 
targets (Goldstein et al., 1993; Massonnet et al., 1993; Massonnet et al., 1995). SAR is a form of 
active remote sensing where an antenna transmits radiation, which is reflected from the target, as 
opposed to passive sensing, and the reflection is detected from ambient illumination. The image 
acquisition is therefore does not depend on the natural illumination and images can be taken at night. 
Radar gathers electromagnetic radiation with microwave frequencies; the atmospheric absorption at 
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typical radar wavelengths is very low, meaning observations are not prevented by cloud cover. Most 
SAR applications take advantage of the amplitude of the return signal, and ignore the phase data. 
However, interferometry applies the phase of the reflected radiation. Since the outgoing wave is 
generated by the satellite, the phase is known, and can be compared to the phase of the return signal. 
The phase of the return wave is a function of the distance to the ground, since the path length to the 
ground and back consists of a number of whole wavelengths plus some fraction of a wavelength. The 
total number of whole wavelengths is not known, but the extra fraction of a wavelength can be 
measured very accurately. SAR interferometry is one of useful techniques to measure the changes in 
the earth’s surface (Massonnet & Feigl, 1998).  
 
2.2 The region of the proposed study 
 
2.2.1 North Mahyar desert 
 
Mahyar desert is located 25 kilometers south of city of Esfahan, Iran. The region is cover with 
calcareous rocks of cretaceous and there are many Rocky Mountains. Many sediment erosions cover 
the areas of desert and there are various faults.   
 
2.2.2 Yazd-Ardakan region 
 
This region is located in central part of Yazd and it contains many well-known faults. Fig. 1 shows 
geographical specifications of the region. 
 

 
Fig. 1. Geography of the region of Yazd-Ardakan  
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3. The results 
 
We have gathered the necessary SAR information from Envisat satellite for the region of Mahyar and 
the data for the region of Yazd-Ardakan is gathered from European aerospace organization. The 
proposed study of this research first examines some important characteristics of the data such as 
normal baseline and Doppler to make sure that sufficient information are available on the data.   
Geomorphological analyses helps us investigate on the modifications that affect hydrographic basins, 
more specifically modifications because of active tectonics, and the quantitative descriptions of 
landforms. The study of geomorphic indices are normally used to appraise the influence of active 
faults on the hydrographic network. Table 1 shows details of the information. 
 
Table 1 
The summary of the necessary information of Baseline and Doppler for years of 2008 and 2009 
Parameter Value 
Normal Base line (m) 2074.449 
Critical Base line (m) 6529.615 
Ambiguity height (m) 30.869 
Range shift (pixels) 151.983 
Azimuth shift (pixels) -127.420 
Doppler centroid 0.054 
Critical doppler 2159. 827 
  
As we can observe from the results of Table 1, all parameters such as Doppler centroid, Normal 
baseline, Critical baseline are statistically meaningful and we can analyze the results. The results 
indicate that the maximum subsidence in Yazd-Ardakan is about 16.8 cm, which belongs to a Tile 
producer located 14 kilometers from the road of Yazd-Meibod. In addition, the maximum up lift is 
6.7 to 10 cm North-East to east part of desert of Yazd-Ardakan. Fig 2 shows details of our 
investigation. 

 
Fig. 2. Displacement map in Yazd-Ardakan plain 

 
In order to show the subsidence, uplift and equilibrium line, we draw the Radar movement based on 
these changes in Fig 4. In this fig, we see the changes of each pixel based on the changes in 
subsidence and uplift. The vertical axis of Fig. 4 is in terms of meter and has two positive and 
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negative sides, where the positive side is associated with uplift and the negative side is associated 
with subsidence.  

 
Fig. 4. A profile for Yazd-Ardakan 

 

Similar investigations have been performed for Mahyar desert and the results indicate that the 
maximum up lift is about 35 cm in sought east of desert. Fig. 5 shows details of our suvery. 
 

  
Fig. 5. Displacement map in Mahyar plain 

 

As we explained earlier, the aim of this research is to support the theory of soft isostasy, which can be 
defined as the balanced coordinate movements between the plains and mountains surrounding them. 
Fig. 6 shows the profile of Mahyar region.  

Fig. 6. A Profile for Mahyar region 
These operations occur for years, which could cause the up lift and subsidence in the region. There is 
an equilibrium line in the region, where the movement becomes negligible around the line. A good 
perception of the nature of up lift and subsidence could help us prevent the bad effects on different 
constructions such as bridges, railways, etc.     
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4. Conclusion 
 
In this paper, we have presented an empirical investigation on two regions of Yazd-Ardakan and 
Mahyar plains to determine the up lift and subsidence in these regions. We have gathered some 
reliable data gathered by satellite and analyzed the results using SAR method. The results indicated 
that these two regions had some significant up lift and subsidence. Based on the preliminary results of 
this survey we would like to support the theory of soft isostasy defined as the balanced coordinate 
movements between the plains and mountains surrounding them. These operations occur for years, 
which could cause the up lift and subsidence in the region. We hope the results of this study could 
help understand the nature of up lift and subsidence, which could help us prevent any damages on 
different constructions such as bridges, railways, etc.     
 
Acknowledgment 
 
The authors would like to thank the anonymous referees for their constructive comments on earlier 
version of this work. 
 
References 
 
Burgmann, R., Rosen, P.A., & Fielding, E.J. (2000). Synthetic aperture radar interferometry to 

measure Earth's surface topography and its deformation. Annual Review of Earth and Planetary 
Sciences, 28, 169–209. 

Goldstein, R.M., Engelhardt, H., Kamb, B., & Frolich, R. M. (1993). Satellite radar interferometry for 
monitoring ice sheet motion: application to an Antarctic ice streamy. Science, 262 (5139), 1525–
1530. 

Guccione, M.J., Mueller, K., Champion, J., Shepherd, S., Carlson, S.D., Odhiambo, B., & Tate, A. 
(2001). Stream response to repeated coseismic folding, Tiptonville dome, New Madrid seismic 
zone. Geomorphology, 43(3-4), 313-349. 

Gutiérrez, F. (2004). Origin of the salt valleys in the Canyonlands section of the Colorado Plateau: 
Evaporite-dissolution collapse versus tectonic subsidence. Geomorphology, 57(3-4), 423-435. 

Hanssen, R. F. (2001). Radar Interferometry: Data Interpretation and Error Analysis, Kluwer 
Academic, ISBN 9780792369455. 

Heidari, M. Khanlari, G.R., Taleb Beydokhti, A.R., &  Momeni, A.A. (2011). The formation of cover 
collapse sinkholes in North of Hamedan, Iran.  Geomorphology, 132(3-4), 76-86. 

Jonathan D. Ph. (2001). Erosion, isostatic response, and the missing peneplains, Geomorphology 45 
(2002) 225–241. 

Keller, E.A., Duffy, M., Kennett, J.P., & Hill, T. (2007).Tectonic geomorphology and hydrocarbon 
induced topography of the Mid-Channel Anticline, Santa Barbara Basin, California. 
Geomorphology, 89(3-4), 274-286. 

Malik, J.N., & Mohanty, C. (2002). Active tectonic influence on the evolution of drainage and 
landscape geomorphic signatures from frontal and hinter land areas along the North western 
Himalya, India. Journal of Asian Earth Sciences, 29, 604-618, 2007.  

Massonnet, D., Rossi, M., Carmona, C., Adragna, F., Peltzer, G., Feigl, K., & Rabaute, T. (1993). 
The displacement field of the Landers earthquake mapped by radar interferometry. Nature, 
364(6433), 138–142. 

Massonnet, D., Briole, P., & Arnaud, A. (1995). Deflation of Mount Etna monitored by spaceborne 
radar interferometry. Nature, 375(6532), 567–570. 

Massonnet, D. & Feigl, K. L. (1998). Radar interferometry and its application to changes in the 
earth’s surface. Reviews of Geophysics, 36 (4), 441–500.  

Stecchi, F., Antonellini, M., & Gabbianelli, G. (2009).Curvature analysis as a tool for subsidence-
related risk zones identification in the city of Tuzla (BiH). Geomorphology, 107(3-4), 316-325. 

 


	Soft isostasy in geomorphology
	1. Introduction
	2. The proposed study
	2.1 Synthetic aperture radar (SAR)
	2.2 The region of the proposed study

	3. The results
	4. Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


