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Abstract  

Indiscriminate extraction of underground water sources causes a drop in the water level and an increase 

in the stress on the soil particles, which leads to the subsidence of the earth's surface. Shahryar's critical 

plain has been affected by the phenomenon of subsidence for the past few years. The existence of vital 

arteries, economic, pilgrimage and military areas has turned it into a strategic area, which doubles the cost 

of the harmful consequences of subsidence. In this research, a new method is used to predict and analyze 

subsidence, under the title of Poroelasticity module of COMSOL software, which uses the simultaneous 

solution of equations related to fluid movement in porous media and mechanical deformation. The output 

of the numerical model was validated and compared between 2003 and 2019 at 24 points with the 

alignment observations, the Sentinel 1 radar interferometric images. The correlation coefficient of 0.97 

indicates an acceptable correlation between the data values, the good matching of the interferometric 

images with the maps of the subsidence zones obtained from the software data and the approach of the 

squared values of the mean squared error and the efficiency coefficient towards zero and one was 

obtained. The general result of the finite element numerical modeling showed that the average rate of 

subsidence during the year 2031 due to the successive compression of the upper layers of the aquifer, 

with a lower rate, about 13.19 cm and in the places where the thickness of the fine-grained layers 

increased, He finds that it will reach 18.38 cm. Also, the range of changes in the underground water level 

in the period of time, the type of land and the number of geological units are among the factors affecting 

the subsidence pattern and rate. 
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Fig. 1. View of Tehran-Shahriar plain and topography of the study area 
 

 
Fig  2. Spatial distribution of extracted wells

in the study area 

 
 

(Tehran Regional Water Company, 2016)  

 

Fig. 3. Unit hydrograph of groundwater in
Tehran-Shahriar plain, 1993-2019 

 

 

Tehran Regional Water Company, 2016 
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Tehran Regional Water Company, 2020 
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Fig. 4. Geological characteristics and faults map in model 
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Table 1  Geomechanical characteristics of geological layers 

Model layers Density 
Young’s 
modulus 

Gpa 

Bulk 
modulus 

Gpa 

Poisson’s 
ratio 

Porosity 

Horizontal 
hydraulic 

conductivity 
(m/s) 

Horizontal 
hydraulic 

conductivity 
(m/s) 

First fine-

grained clay 
16.55 0.41 0.42 0.35 0.1 5.10*10-10 3.40*10-10 

First aquifer 16.45 0.35 0.32 0.34 0.5 4.83*10-6 3.86*10-6 

Second fine-

grained clay 
16.88 0.83 1.27 0.34 0.8 3.30*10-10 2.20*10-10 

Second aquifer 19.87 3.36 4.63 0.34 0.5 1.17*10-5 9.36*10-69 

Third fine-

grained clay 
20.51 4.37 9.14 0.41 0.9 2.09*10-10 1.40*10-10 

Third aquifer 21.76 9.1 10.18 0.38 0.5 2.61*10-5 2.08*10-5 
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b)a)

Fig  6. a) Geological and topographic model and b) Three-dimensional discretization model 

ab

Table 2. The square of the mean squares of the error and the efficiency coefficient of the selected points
in the years 2006, 2011 and 2016 

Location Name X(m) Y(m) 
RMSE Efficiency coefficient 

2006 2011 2016 2006 2011 2016 

P3 
Ahmad Abad 

Jan Separ 
5131100 3934910 0.1294 0.0923 0.0845 0.9665 0.8696 0.9792 

P4 
Ahmad Abad 

Mostofi 
518996 3943371 0.0258 0.0746 0.0713 0.9996 0.9835 0.8662 

P5 Eskman 510900 3939980 0.0509 0.1061 0.0229 0.9993 0.9988 0.9441 

P7 Balaban 510460 3943700 0.1043 0.0580 0.1821 0.9556 0.9984 0.9517 

P10 Pelain 536265 3938078 0.0417 0.0824 0.1570 0.9613 0.9498 0.9111 

P11 
Jafarabad 

Jangal 
528264 3936008 0.286 0.272 0.211 0.9988 0.9978 0.8813 

P18 Shahed Shahr 508416 3936834 0.0601 0.1464 0.0753 0.9985 0.9964 0.9987 

P19 Shams Abad 525068 3942697 0.0322 0.0042 0.368 0.9985 0.9999 0.9990 

Mahmoudpour, 2015

Sentinel 1

Tehran Regional Water (.

)Company, 2020
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Fig  7. Fitting diagram of observed values based on 

calculated subsidence values
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c) 

 
d) 

Fig  8  Contour maps of land subsidence using Sentinel 1 radar interferometry images in  

study area, a) 2003, b) 2006, c) 2010 and d) 2016 

Sentinel 1 abcd 

 

 
a) 
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b) 

 

 
c) 

 
d) 

Fig  9. Contour maps of land subsidence in study area, a) 2003, b) 2006, c) 2010 and d) 2016 

abcd
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b) a)

Fig. 10. Maps total hydraulic head, a) observation and b) calculated in 2015-2016 

ab 

Fig  11  Observatory and computational groundwater unit hydrograph, a) Ahmadabad Mostofi and b) Eskman 

ab
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Fig. 12. Contour map of land subsidence in study area at 2031 

     

Fig  13. Diagrams of the relationship subsidence with changes in aquifer levels in points a) Balaban, 

b) Ahmadabad Mostofi, c) Jafarabad Jangal and d) Eskman 

abcd
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Fig  14. Combined subsidence and hydrograph diagrams, a) Balaban, b) Ahmadabad Mostofi,

c) Eskaman and d) Jafarabad Jangal 
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Fig. 15. Combined subsidence diagram and hydrograph of points, a) Ahmadabad Janspar,
b) Plaeine, c) Shamsabad and d) Shahedshahr 
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