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Abstract

Land subsidence is often triggered by over abstraction of
groundwater due to increased agriculture, industry and
domestic demands. This problem is investigated in Shabestar
plain formulating a framework to estimate subsidence
potentials and the outcome is compared with measured values
with the lowest subsidence threshold value of 30 cm. The
research put together seven hydrogeological and geological
factors affecting land subsidence, which comprised
groundwater level decline, aquifer media, recharge,
groundwater withdrawal, land use, aquifer thickness, and
distance to faults. The resulting maps for vulnerability to
subsidence were then validated with results from satellite
images. Although the primary results were also acceptable, the
Genetic Algorithm (GA) was used to optimize weights and to
improve the correlation between calculated indices and their
corresponding measured subsidence values. Results confirmed
the improvement and further showed that the southern and
southeastern areas in Shabestar plain have the most subsidence
potentials. As such management plans are essential to meet the
local demands and yet to protect the land against subsidence
and other adverse impacts.
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Table 1- Description of seven affective factors on subsidence and their weights
Bl (159 9 Coamddg b p1 550 Jole Cdd iy i - Jyo

Features Description Weight
Groundwater level decline Reduced groundwater level, reduced fluid pressure, increased effective stress; 5
subsidence occurs.
Aquifer media In order to evaluate the aquifer elastic and non-elastic deformations in result 5
of groundwater withdrawal. Clay and silt vary in their ability to volume
change when wetted or dried; sand and gravel do not exhibit volumetric
changes
Recharge Downward movement of water from earth surface to depth increases the 4
hydraulic pressure and prevents the subsidence.
Pumping of groundwater Withdrawal of groundwater for domestic, industrial and agricultural uses 4
eventually induces a soil strain and subsidence.
Land use Different purposes can induce subsidence; for example, mining with removal 3
of material from below the earth surface, farming with groundwater
withdrawal, extraction from resources and etc.
Thickness of aquifer Aquifer height from the surface up to bedrock; the more the thickness the 2
higher the susceptibility to subsidence.
Distance to faults One of the natural factors affecting the subsidence is tectonic movements. 1

Faults with displacement of fine-grained and coarse-grained materials in gaps
exacerbate the phenomenon of subsidence.
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Table 2- Rates of practical frameworks parameters
s )y Gkl sbad, Y Jyu

Groundwater level decline

Aquifer media

Recharge (cm/year)

(m/year)
Range Rate Range Rate Range Rate
0-0.2 1 Clay 10 0-4 10
0.2-0.5 2 Clay + Silt 9 4-9 9
0.5-0.9 3 Clay + Gravel 8 9-14 7
0.9-14 4 Silt + Sand 5
1.4-2 5 Sand 4
2-2.7 6 Gravel 3
2.7-35 7 Rubble 2
3.5-4.4 8
4.4-54 9
5.4< 10
Pumping of groundwater Land use Thickness of aquifer
(cm/year) (m)
Range Rate Range Rate Range Rate
0.01-0.5 4 Agriculture 9 0-25 1
0.5-1 5 Urban 5 25-55 2
1-5 6 Grassland 1 55-90 3
5-20 7 90-130 4
20-40 8 130-175 5
40< 9 175 < 6
Distance to faults (km)
Range Rate
0-1 10
1-2 8
2-3 6
3-4 4
4-5 2
5< 1
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Habibi et al., 2016)
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Table 3- Weights of affacting factors on subsidence and the Pearson correlation coefficient
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Table 4- Coincidence of piezometers with subsidence on vulnerability maps
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Subsidence
Very Low Low Moderate High
GA (CI=123)
Very Low 3 11 20 1
Low 0 0 4 0
Moderate 0 1 4 1
High 0 0 0
Suggested framework
(CI=115)
Very Low 1 10 21 3
Low 0 1 1 2
Moderate 0 0 3 3
High 0 0 0 1
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