Analysis of land subsidence caused by groundwater overexploitation in the Gediz
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Figure 6 suggests that the decline in groundwater levels mainly occurs in f_‘;" e (blo_ — ez head||
IntrOdUCtiOn m the centre of the basin due to the agriculture activity and also in the § . ’ sg — [
southern border where the largest towns in the area are located (i.e., g o mg‘g mg
Salihli, Alasehir and Sarigél). Comparing this information with the 1C2 score f_:: _Bae w§’
Land subsidence due to groundwater withdrawal is one of the most The aim of this paper is to evaluate the role of tectonic activity and map in Figure 6d it can be seen that they are in agreement and that the gz _zmgg,sa- | =
extensive types of geological phenomenon induced by human activity in groundwater withdrawal on land subsidence, and to investigate the distribution of IC2 overlaps in some areas with the IC1 extent, suggesting zmsf129 D S w23043 . . . . . .
the 20th century, affecting many principal cities and regions in the world influence of other trigger factors such as faults and soft soil thickness that aquitard layer compaction can be related to the groundwater . ) o pae L
(Herrera-Garcia et al., 2021). The differential interferometric synthetic layers. For this purpose, the P-SBAS algorithm was applied using 98 and extraction. ' ”’ L‘
aperture radar (DInSAR) technology has been developed and widely applied 123 Sentinel-1 SAR images in ascending and descending orbits, i |
for earth observation with millimetre level precision and wide spatial respectively, from 2016 to 2020. Subsequently, an Independent Aligned structures have been detected in the study area by the Sentinel-1 e -;ﬁ,,”
coverage under all weather conditions with minimal cloud and rainfall Component Analysis was applied to the InSAR time series in order to satellite and they agree with the mapped active faults, as can be seen in - p— | "’agh.,
affections (Sadeghi et al., 2021). separate spatiotemporal patterns of long-term deformation and seasonal Sarigol fault (Figure 7a). In this area the thickness of the clay and silty | Ecra oo w
variations (Figure 2). material changes drastically on either side of the fault due to the gési:m:(mbw e i
Study area topography of the bedrock causing a differential compaction and, as a 8:3;32* -
) ) consequence, important structural damage in the city (Figures 7c-d). - —
Results & Discussion ) )

Figure 6. Relationship between seasonality and piezometric head evolution: (a) IC2 and
piezometric head time series at the well 55129. (b) IC2 and piezometric head time series
at the well 22043, (c) spatial distribution of groundwater level evolution from 2016 to
2018 and (d) IC2 map score.
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The Gediz River Basin is a tectonic valley located in western Turkey and
developed from the regional extension horst-graben systems (Figure 1.).
Groundwater being the main supplying source for agricultural and
household water demand, the interaction between these human activities
and the natural features gives rise to the pressure on the quantity and
quality of water resources, positioning the Gediz Valley as one of the most -
stressed basins in the country (Duru et al., 2018; Elgi et al., 2015). Regional rooAS dessoni o
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tectonics also play an important role in the towns of the valley. The ) Residential E | o :
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noteworthy reason is because some important towns are built over some 1 R Soft Soil Thickness s ° ; |5 s L2 o . 1
active faults placed in the southern margin of the basin (e.g. Alasehir and £ .| e : | & <o-o Distance (m)

. . . . . . B 25| o $°
Sarigdl), where the graben presents more seismic activity and the highest § .5 o Q.
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earthquake record (F. Poyraz et al., 2019). Sast T Re-ogser z

IN

0 2.0 46 6IO 8.0 100
Soft Soil thickness (m)

000000000000
1

‘ ! L : Figure 4. Relationship between soft soil thickness and land subsidence: (a) Soft soil
| cveres . R B || cononn [ ‘ ' thickness map derived from boreholes. (b) Vertical component of LOS displacement rate.
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R ‘a W YRy ¢ Ay (c) Correlation plot between soft soil thickness and vertical displacement rate.
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e _ . _ _ _ . . 5 ®7 | £, *ME T Figure 7. Relationship between active faults and land subsidence: (a) Rate displacement map
g s oty [ descending orbit, (b) LOS displacement rates for ascen.dmg orbit, (c) vertical displacement rates, g g | : -5 e L, T covering Sarigdl fault influence area. (b) Analysis of vertical displacement sections A-A’, B-B’,
el | LR . Vi and (d) east-west horizontal displacement rates, V. g ! gE_ ” . e C-C’ and D-D’ along the Sarigél fault trace, (c), (d) and (e) Structural damages caused by the
Figure 1. . (a) Location of the GRB 5 o | £ 0 W fm s _ . o
o wesio-seameniay ] ¢ (red polygon). (b) Geological map of o o o 5 : | 2 2 displacements in the town of Sarigol.
a5 et o - pt \(;g SNIPAG If?’ ; pf Peak LOS rates within the limits of the study area have a similar range, & _ | | o o
" I i rassi- seamentary e study area with delineation o , , , 5 S | g h
BN B e oo || regional faults varying from -6.37 to 1.84 cm/year for the descending orbit and from -6.40 5| | g COnCI SiOnS
4 [ | water bodies § * . . . = i Eh e . ik
B to 2.87 cm/year for the ascending (Figure 3.). Results were validated by the C 23 45867 8 9 10 ! ﬂ U
Sentinel-1 SAR acquisitions BT ValInSAR code obtaining a "High Accuracy" result (R?=0.91; RMSE=0.91). PC index R g, TR BT Rl T DR okl
R — DINnSAR results exhibit a direct relationship with soft soil thickness.
entring — - whnitening . . . . . . . ° .
" The distribution of the soft soil thickness is shown in Figure 4a. There is Additionally, there is a relationship between the piezometric drop and the
Decomposition of different 1 1 1 1 . . . . . .
ndependent camponeri evidence of some agreements between high soft soil thickness and the subsidence in those areas in which high groundwater depletion overlays
e | highest displacement areas detected by InSAR located to the east and in the areas of high soft soil thickness. ICA results reveal two types of
validation Interpretation of ICs usin 1 1 1 1 . . .
) g centre of the valley (red circle in Figure 4a and 4b). The correlation plot spatiotemporal deformation trends captured by the two first components:
. . . . 2 . . . .
7 Geological imerpretation - S exhibits a good agreement between both variables with a R® of 0.853. a) IC1, which corresponds to long term and quasi-linear deformation due
v Relationship with faults easona lezometry hea 141 1 H 1 (0) 1 1 . . .
¢ Relaontip i sot | | cumulive il changes to ceniy Additionally, in Figure 5. IC1 explains the 96% of the eigenvectors and its 5 ) : to the compaction of the aquitard, and b) IC2 which represents the long-
seasona deformationrelated | | Sjgngl has a similar spatial distribution as the LOS deformation rate map. : :
TP deformation to Withdrawal Tlf +ive 1C1 P | Fi 5 h lated he | P Figure 5. FastICA results: (a) Variance explained by each component in PCA, (b) ICs eigenvector term deformations with seasonal rebounds produced by the seasonal
Figure 2. Flowchart of the APCLS&A?Z::;GF;% € positive . SFore values ( igure 5a.) can .e correlated to the mc.rease time series compared with seasonal cumulative rainfall (blue), (c) IC1 score map, (d) IC2 score loading and unloading cycles due to water level fluctuations.
methodology applied in this Work. s 25eredio 8 | of clay material thickness, mainly accumulated in the centre of the basin. map, (e) IC3 score map.
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