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Abstract

The Subsidence in plains can be directly due to the drop in
groundwater level and the destruction of aquifer alluvial
bounds. In this study, the MODFLOW mathematical model
was run for Izeh plain by extracting a raster map of saturated
aquifer subsidence in the ten-year period from 2008 to 2019
and the forecast period for three climatic scenarios between
2019 and 2029. Of the five AOGCM models reported in the
fifth report presented in Lars-WG6, the HadGEM2-ES model
was used under three scenarios: RCP2.6, RCP4.5, and RCP8.5.
For the extraction of monthly data, maximum and minimum
rainfall and temperature were used in the study area during the
basic period (1993-1993) and the next period (2040-2021)
under the three scenarios of RCP2.6, RCP4.5 and RCP8.5. The
annual precipitation of the basin in the next period was under
the scenarios of RCP4.5, RCP4.5, RCP8.5 with average
cultivars of 7.2, 18.71 and 23.7 percent, respectively, which is
reflected in the decrease in the amount of surface feeding of
aquifer. The Subsidence model was developed by developing
the SUBSIDENCE package in the limited numerical code
structure of MODFLOW. The quantitative groundwater flow
model was calibrated using PEST automation code and
sensitivity analysis. The results showed that the mathematical
model used to simulate Izeh aquifer has a relative error
(NRMSE) of 16%, which confirms the ideal modeling after
reviewing the validation process. An examination of the
vertical changes in the geological structure showed that in the
long term of 20 years, with the climatic assumptions
introduced, the aquifer level would experience a total
subsidence of maximum 1.5 and minimum 0.9 meters. If the
aquifer alluvial structure is destroyed, the subsidence may be
less than these values, but in return, the conditions without
returning the groundwater aquifer recharge may occure.
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Fig. 1- Geographical location of the study area; lzeh plain
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Table 2- Chi-square test results for probabilistic distribution of precipitation, minimum temperature and
maximum temperature in LARS-WG model

LARS-WG Juo ;3 p5Tus slod g JBlus (slod ¢y )b (TWloinl 21395 (5150 yoSmw! 515 (y905] gl -Y Joua

Rainfall Tmax Tmin
Month k-s P-Value k-s P-Value k-s P-Value
Jan 0.07 1 0.1 0.998 0.1 0.998
Feb 0.02 1 0.1 0.997 0.1 0.998
Mar 0.05 1 0.05 1 0.1 0.998
Apr 0.08 1 0.1 0.998 0.1 0.998
May 0.03 1 0.05 1 0.05 0.999
Jun 0.02 1 0.05 1 0.05 1
Jul 0.1 0.988 0.1 0.988 0.1 0.988
Aug 0.1 0.995 0.12 0.996 0.12 0.996
Sep 0.05 1 0.05 1 0.05 1
Oct 0.073 0.999 0.1 0.998 0.1 0.997
Nov 0.036 0.998 0.05 1 0.05 1
Dec 0.061 1 0.05 1 0.05 1
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Table 3- Changes in precipitation and temperature (2040-2021) compared to the base period
Al 090 L duglio )3 (Ver)-YoFe) Lod g (i)l Olpuds Y Jogi>

Change in temprature Change in rainfall
(°C) (%) Month
RCP 8.5 RCP45 RCP26 RCP85 RCP45 RCP26

2.0 14 15 -17.0 -12.0 -7.2 April
15 13 1.0 -17.4 -16.5 -7.6 May
1.0 0.8 0.5 -18.6 -14 -8.7 June
1.7 15 12 -24.6 -19.6 -5.0 July
2.1 2.0 1.6 -19.4 -14.4 -9.4 August
2.9 2.7 2.4 -21.5 -16.5 -6.3 September
34 3.2 2.9 -21.3 -16.3 -6.5 October
1.7 15 1.2 -21.3 -16.3 -8.2 November
1.2 1.0 0.7 -25.9 -20.9 -3.6 December
1.1 11 0.6 -25.6 -20.6 -6.2 January
1.0 1.2 0.5 -29.6 -26.3 -7.6 February
0.8 0.5 0.3 -36.5 -27.8 -9.5 March

Table 4- Statistical summary of Subsidence modeling
Combig ;b (55w 5 kol aoMs —F Jouo

Run title Min Max Rang Average standard deviation

Base priod -0.001 0.203 0.203 0.004 0.014
RCP2.6 -0.001 0.357 0.357 0.005 0.018
RCP4.5 -0.001 0.414 0.415 0.005 0.018
RCP8.5 -0.001 0.441 0.443 0.006 0.020
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Fig. 18- Time series of subsidence in aquifer

IR b j oF 8 5lowd (o3 35S Jw ¢yl 1] S galio Ciliyliss
Volume 16, No. 4, Winter 2021 (IR-WRR)

WY



Hamzeh S, Toulteh Latz, Delgandi M, Moghadam H
(2018) Risk assessment of climate change effects on
gutvand aquifer aquifer. Ecohydrology 5(1):122-111
(In Persian)

Hu Y, Moiwo J P, Yang Y, Han S, Yang Y (2010)
Agricultural ~ water-saving  and  sustainable
groundwater management in Shijiazhuang Irrigation
District, North China Plain. Journal of Hydrology
393(3-4):219-232

Janbaz fotamy M, Kholghi M, Abdeh Kolahchi A,
Roostaei M (2020) Land subsidence assessment due
to groundwater exploration by using differential
radar interferometry technique, Case study: Qazvin
province. Iran-Water Resources Research 16(3):135-
149 (In Persian)

Lachaal F, Mlayah A MB, Tarhouni J, Leduc C (2012)
Implementation of a 3-D groundwater flow model in
a semi-arid region using MODFLOW and GIS tools:
The Ze * ramdine-Be “ni Hassen Miocene aquifer
system (east-central Tunisia). Computers and
Geosciences 48:187-198

Mesmarian Z, Bouani A, Pir Bazari SJ (2016) The effect
of climate change on the groundwater balance of
Shahrekord plain in future periods. Ecohydrology
3(2):233-242 (In Persian)

Mohammadi S, Naseri F, Nazaripour H (201)7
Investigation of temporal changes and the effect of
meteorological drought on groundwater resources of
Kerman plain using standard precipitation indicators
(SPI) and groundwater  resources (GRI).
Ecohydrology 5(1):22-11 (In Persian)

Office of Basic Studies of the Ministry of Energy (2016)
Water balance report of Urmia Lake catchment area.
(In Persian)

Page M L, Berjamy B, Fakir Y, Bourgin F, Jarlan L,
Abourida A, Benrhanem M, Jacob G, Huber M,
Sghrer F, Simonneaux V, Chehbouni G (2012) An
integrated DSS for groundwater management based
on remote sensing, the case of a semi-arid aquifer in
Morocco. Water Resour Manage 26:3209-3230

Rahimi R, Rahimi M (2019) Spatial and temporal
analysis of climate change in the coming years and
comparison of micro-scale methods of SDSM,
LARS-WG and artificial neural network in
Khuzestan province. Ecohydrology 5(4):1174-1161
(In Persian)

Ranjbar A, Ehteshami M (2019) Development of an
uncertainty based model to predict land subsidence
caused by groundwater extraction (Case study:
Tehran Basin). Geotechnical and Geological
Engineering 37(4):3205-3219

s Ol g Pk bulyd seled 3 Ol o €l S ) =0
Lwgio Cygo 4 gludl 0dgde )3 g oyl lysul p3 a8 sl L
@ silodre gl ol (b > Canniig b yio b FF LYy
sl gy £98

PV B VAL o slrole ;0 Cuid (s350s bl il K59, —F
S b dag b 45 (S s g ogMe Jao il 0)95 S
CunSs B 5l joue 4 990 cpl el 039y 55 000 v
S eig ol oy 438 Juilly CtS3big cay55 g Gl
235 o

SluSis g58g gaelai §l (oolpiiiyg adlas S o ol 0 =Y
by bl Cuntin oty Syome & (uojpj ol Sl <8l
Ol 3 g 0,8 dabie iS5l BB it abali g Glyoxs jye als pe
ool Bl 0yhm > (o)l Lo Sllud Lol atwal Ol s x4, Hlude
P o JUSiS (518 K9y b oS (oo pl 09 aalgd 5l
Oyge hie GaSed 5 juin oy b Cuniig)d oy Ll
5 JB w15 Ll ol Spe iy b el )3 5 0k 0
ool oS e Jhe Lo yiiw colue p cdyl clagd
23,5 oo

&=y
Al-Sittawy M, Gad S, Fouad R, Nofal E (2019)
Assessment of soil subsidence due to long-term

dewatering, Esna city, Egypt. Journal Water Science
33(1):40-53

Bear J (1979) Hydraulics of groundwater. McGraw-Hiill,
New York, 569p.

Bijani M, Moridi A, Majdzadeh Tabatabaie M (2017)
Investigation of well deepening effects on aquifer
yeild using numerical model. Iran-Water Resources
Research 12(4):83-92 (In Persian)

Chenini I, Mammou A B (2010) Groundwater recharge
study in arid region: Anapproach using GIS
techniques and numerical modeling. Computers and
Geosciences 36(6):801-817

Cho J, Barone V A, Mostaghimi S (2009) Simulation of
land use impacts on groundwater levels and
streamflow in a Virginia watershed. Agricultural
Water Management 96(1):1-11

Gaura S, Chahar B R, Graillota D (2011) Combined use
of groundwater modeling and potential zone analysis
for management of groundwater. International
Journal of Applied Earth Observation and
Geoinformation 13(1):127-139

VAR Gl ) oF o ylowd (o3 3L J oyl !l Of galio i
Volume 16, No. 4, Winter 2021 (IR-WRR)

VWWo



Yang F R, Lee C, H Kung, W J, Yeh H F (2009) The
impact of tunneling construction on the
hydrogeological environment of “Tseng-Wen
Reservoir Transbasin Diversion Project” in Taiwan.
Engineering Geology 103(1-2):39-58

Yaoutia F E, Mandourb A, E Khattacha D, Kaufmannc
O (2008) Modelling groundwater flow and advective
contaminant transport in the Bou-Areg unconfined
aquifer (NE Morocco). Journal of Hydro-
Environment Research 2(3):192-209

Zhang H, Hiscock K M (2010) Modelling the impact of
forest cover on groundwater resources: A case study
of the Sherwood Sandstone aquifer in the East
Midlands, UK. Journal of Hydrology 392(3-4):136—
149

Rashvand M, Li J, Liu Y (2019) Coupled stress-
dependent groundwater flow-deformation model to
predict land subsidence in basins with highly
compressible deposits. Journal of Hydrology 6(3):78

Semenov M A, Barrow A (2002) LARS-WG, A
stochastic weather generator for use in climate
impact studies. Hertfordshire, UK

Taheri Z, Barzghari G, Dideban K (2018) A framework
to estimation of potential subsidence of the aquifer
using algorithm genetic. Iran-Water Resources
Research 14(2):182-194 (In Persian)

Van Vuuren D P, Edmonds J, Kainuma M, Riahi K,
Thomson A, Hibbard K, Masui T (2011) The
representative  concentration  pathways:  An
overview. Climatic Change 109(1-2):5-31

VAR Gl ) oF o ylowd (o3 3L J oyl !l Of galio i
Volume 16, No. 4, Winter 2021 (IR-WRR)

Y5



