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Assessment of Land Subsidence due to
Groundwater Exploitation by Using
Differential Radar Interferometry Technique,
Case Study: Qazvin Province
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Abstract

Excessive exploitation of groundwater resources has caused a
decrease in the water table which as a consequence increased
the phenomenon of the land-subsidence. Although, field
inspection is the most accurate way to measure land subsidence
and water table variation, it is less attractive due to the fact that
they are costly and time consuming. Instead, the low cost and
accurate remote sensing techniques are implemented for the
large scale land subsidence measurement. The purpose of this
study is to quantify the land subsidence in Qazvin province by
using synthetic aperture radar interferometry and evaluating
the effect of the groundwater depletion and soil profile on this
phenomenon. For a long time land-subsidence evaluation, the
combination of the outcomes of Envisat, Alos palsar-1, and
Sentinel-1 satellite data from 2003 to 2017 are employed.
Water table variation of Qazvin’s aquifer was studied using
data from 180 pizometric wells. Annually averaged land-
subsidence in this year was obtained as 39.9 mm/year for
aquifer zone and 33 mm/year for Qazvin province. According
to the land-subsidence zone in Qazvin province it was revealed
that most of the land-subsidences occur in the aquifer area, the
fine-grained layer thickness of which would be larger than
other areas. The maximum extent of Land subsidence was
obtained at the northern parts of Buin-Zahra and near the
Takestan borderline. This area has the highest cultivated area
and groundwater depletion. The results of this study showed a
strong correlation between the groundwater water table
variations and land subsidence values in Qazvin province.
Keywords: Land Subsidence, Differential Interferometric
Synthetic Aperture Radar, Groundwater Exploration, Fine-
Grained Layer Thickness, Qazvin Province.
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Table 1- Specifications of the radar sensors

name of satellite Space Design life Spatial Repeat pass Active antenna
agency resolution (m) (days)
Envisat ASAR ESA 2002-2012 30 35 C
ALOS PALSAR-1 JAXA 2003-2011 25 46 L
Sentinel-1a ESA 2014 5x20 12 C
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Table 2- Selected pairs of the radar images for measuring land subsidence
Commnbiig yb 2,91 1 Cagr s GBI gl g3 -Y Jga

Frame Acquired Acquired Frame Acquired Acquired
No. Satellite master data slave data No. Satellite and master slave data
and Path . . . .
time time Path data time time
1 Envisat 4212871  12/14/2004 11/19/2003 19 Alos 573,700 1/8/2011 1/5/2010
2 Envisat 421,2889  12/14/2004 11/19/2003 20 Sentinel 108,471 12/31/2015 11/18/2014
3 Envisat 4212871  11/23/2005 9/29/2004 21 Sentinel 108,471 1/5/2015 11/18/2014
4 Envisat 4212889  11/28/2007  11/23/2005 22 Sentinel 192;'271 12/31/2015  8/9/2015
5 Envisat 421,2871  11/28/2007 11/23/2005 23 Sentinel 108,471 8/9/2015 5/29/2015
6 Alos 572,710 2007/14/12 12/11/2006 24 Sentinel 108,471 5/29/2015 3/18/2015
7 Alos 572,700 2007/14/12 12/11/2006 25 Sentinel 108,471 3/18/2015 1/5/2015
8 Alos 573,710  12/16/2008 12/14/2007 26 Sentinel 108,472 12/25/2016  12/31/2015
9 Alos 573,700 12/16/2008 12/14/2007 27 Sentinel 108,472 3/12/2016 12/31/2015
10 Alos 573,700  10/2/2008 9/30/2007 28 Sentinel 108,472 6/16/2016 3/12/2016
11 Alos 573,710  8/17/2008 6/30/2007 29 Sentinel 108,472 12/25/2016  10/14/2016
12 Alos 573,700  8/17/2008 6/30/2007 30 Sentinel 108,472 10/14/2016  6/16/2016
13 Alos 573,710 8/20/2009 8/17/2008 31 Sentinel 108,472 12/20/2017 12/25/2016
14 Alos 573,700 8/20/2009 8/17/2008 32 Sentinel 108,472 3/19/2017 12/25/2016
15 Alos 572,700  8/7/2010 8/20/2009 33 Sentinel 108,472 12/20/2017  10/9/2017
16 Alos 572,710  8/7/2010 8/20/2009 34 Sentinel 108,472  10/9/2017 6/11/2017
17 Alos 573,710  8/7/2010 8/20/2009 35 Sentinel 108,472 6/11/2017 3/19/2017
18 Alos 573,700  8/7/2010 8/20/2009
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