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Y. Persistent Scatterer Interferometry (PSI)
Y. Global Navigation Satellite System (GNSS)
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Correlation Analysis: Land Subsidence and Nitrate Pollution in Groundwater
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Vicious Cycle: Over-pumping — Land Subsidence — Increased Contamination — Worse Water Quality

O




Aoy oviHIm 75 (<p o8 |5 |
|72 <o 0576 ol fp iy @elo)n €6 (N CAmemy oxaveps? o 6c 6 gm0

as (¢Srrrm) F
I~ (K Cong gr{ce o KT o @ whs IxTre@) Qe SR
Hpr— a6 | oM E 2 15 6 [Ac ~5ee 6 b |cgs” ~(jo 6 @

o0 0 ©

<Ccp OB gCEmrrrm 6 __.qnmaJ asad

S S



- N LWV TR R0 &
e LB
C

7

PRV L WK PR ES:
buso culiligs Wiyl (owlidy 5 (ol

L%, 7 E-mail:

Hosinemohadeseh?@gmail.com

palive ol S8 Jla e 5o 0 oz | 50wt i
O Jl Loniiino 45 55050 Cgmxo el d el whblre oy
09 B vy ol 09 50 iU i S gobio Jlaobl gl
b alid ol AL cosmes S L (5))0Las o 5re-d slveis
= g ol JWsl bohs daglaslbe ol glhasles dbesloy;
A o 5 ) & b Cl o wls ST T OT 4oy o ecdilon
Silwssyind (siaie HLas uall ogi 0 sdawe ol jLas uals
Ll gl sy o wslgi oo S8 s 2l el oo
551> bl 1398 onie g Slalorw ($383b 5 ©lucsls (ol
b ecis S5 cadigyd wbe bl Gulduag wlle sl
)I 450..\..\_4») dl_w_)..)).wu.ul_w YJOJI L).u._u 44 cuLé,Ml_g M .:L)_»O_I)‘g
oy o2l -l Ll eoian 40085 S hnae Gla gy raisass
didbddas Sl ol b La Obley (oo slaolsoiaJyss colua b
Jolss s> o uoji 553 lel 4 oot slausilu wgye 44
AL yls Blas iz Letds egiune 42085008 (50 SeaS g e
Lol uiy o a8l sy bl 5o (ol ol )lonl isiliinl 5l (i




: ) Canndininy Eans o
Sl 380 5L 5 ol HLasd o Ul 395 e (ot Luluwl couingyd
0 S ) ) o Lgis 0 @515 gl g 00,088 iy e S
e Uil b wlesel o 0T (6)1ugls cudih 4l ua
bowsi 45 (00880 1305 50 S 1380 LIS posde SA0L o cunitin)d
80 S A 4o g 48h Laes S (Sdaie ) Lid oy 0 b einl
9035838 e d s b Lasasls aos (aoel ol aob e (ol
84 (0 ) s ol ) 9 Wilw e (el e
Ly sl (g5lws sy o
Slwsspiid 15)ls 59> Cwigyd Suny 4o Gjlwesid Lol e oo
Saze B Lo oo ) lawle slaa¥ o o ndyccidy ol
4 bgiye Scwdle (gjlwssyid g 59-i 50 Lisl (sogus> Uil O
ol (Soid 5 whd sume Lol cezge 4dsl )L us I gue
L_;l_bd.lg b_9_>_9 ‘U_‘)—’l (_GLQL;A_&JQ )' (5)l.u.nu )Q bb)j‘_,.o Lﬂ)@g puu_{
S bl yie b LS)—*~°u--'L-~J u—'*—*—”

wledol seguas 435§l g,

4o b.A_JbLJ_,.‘.CScJJ_g.-od__:b s._.JTd_fc;uul U_g_léﬂ Lgchc_gA?ua L oua0 Aol
S U= 98 4o A Niod Lol i) molio B oS0 2)ls ol g
159 50 Mulfdlwo_go gy wle>ol ac

_ 2 u:;l‘.h.u.)_gﬂ.: LSLQ’L)*’EJ 3

b Slg eucd gaz 0l o L AS (GaceS SladSh idoas sladss>
el Glawlo S L Gac oS SlawlasT

S 0 el | (griagie b 2 b g g Bl

u_cL: ULQ&JBQ_QJMMJQ u_g_g.o u_.\Lﬁb.,\_uu;i_}_gfLSM_u\m Slvow
2338 50 S o S a¥ 4 IO Soas

el ()55 (S Lo sy ¥




G5 wlodul L sy Gob 1LLES L O Uiy ol oo 3oy slasl>
A aizn el T Ll Sl Bopp (e 5 520 (3285 LS oo 50
D90 Dguuo oo lale K88 b o ¥l 4l

spdydotidas Slaagile sl cuslia

esan dds Sl dilelu wis o Bopal dbdliiwl assle gy slaygis o
Uil 5 e Ol xbhw el phas ho sayins jebds Laylosul
Orange Countysjgp Wl )L digai .a5,8 o0 L8 solaiwl )50 cwiigyd
¥l 4S5 Cwl duio YL s Groundwater Replenishment System
S 0 (B wledul 4 O ceSlayie L Yoo Sl iy

Slaay¥ yo Soliwgyaun )Lad g 48l Liohdl obiwel xbaw (ol 30551
5380 L Lid S Czge ladiue pal (ol 028 o bk o 5 Ly
S Cowiigyd A4S bl 4o o9 o0 Gjlwesyrid adgr Ao 5o
wlan L gilwsspid 5> ccadib 4o uslei oo oty of HLas wols
wleSol Leaiao 4uis Lol Bun .55,5 =i Elastic Rebound (sauu0y
Shaw e sl lddbhie o i ol Lad pbw ucdle 4G e
azt ash Sl elus Sl o oTols 6Las slyLes b ol
LY salasla bad of xhw Lighél as aslesls wlias goue sl Sl
MJQ)‘-_AJTE S .. T u.a.\_fblf.i_@)‘:) 7o l_'l'b L:..A_A..\.\..\.‘.\-.l_.“g)é t)_'! “\—"[93(3"0)—*‘0 i
2 oode Ol Bl (Gl L Sl Gla bz o ylasd o Giw B Gl
oo ST 5l 51 6586l 5 Iyl (gl el wlssol @ 0L
9 835 e |y Lanaylooo (sdase ) Lid Lioli8l .og i o (Sinkholes) La
e sl e Citiu Solidlgys Jlais]

opie oo o byl
g0 45 Cunl (5ame g AT luS (3o dlow Sol> Yoame $39)0 T
Ot plsl K8 1 (6580l (Sl vogi o Lol L ST ddlio i8S
Slasjop s cwl ©ygrd L gl (S gy ddas | Adas
B Slasl> lygs Lol o Blad>ieais layilé Sl solaiwl (S5
3939 Jlaixl o isddar glaolu sl eslaiwl wyge Ho cowl s>
0 A5yl 599 wlg Bl 4o (K obdd b oolawsd colins sl ST
radiwn 28 S« By oo oesl .ojlu sogdT]y Lo LTJT&JL'\.O Lilgy

_.._

O




G el b ol 8 wlallll wlssule T Bl e (i
g0 g oolo bl ) el jLad cowl (SKaw Hlanbl slady¥ o
Sz U b ol b sl lisd jo wos e wog-d ey Lgl_a.s:_.\.a.ll.ws SOy
294 Gl e c834) dihio (Al Sy Brlow o 350

7

O o2 eniilop 3l gdane O ,Lid (il mudiue doud () Coundigyd
bog g glapl Qa8 e suny ool onul g golie Sl 4ng)
= b Sl slagilw g)lunb g wlssol >3 g ash yls (o o
w=3lb o oyiise J'_L_,-Q Lmu'sﬁv' u—ﬁs-'m s -‘-'Su" SWREY
Ll aahiwo u_iJ_g_J.,\.-.ﬂ: LJ.)L.QJ A>50 O ¢u| BEVCRV-S B - k_-\..-wl
b=l a0 GSole waeudy SCSSe5 Sla ol Sl ot 9 59
Seiole o cdss S Sl piiw (535540 o ¢l gy bl
8 )]y Leisas (5)9L8 (al i s (i anlin aBU00 Sl cwl g
ol (e ylanl Sl ulS cowlw S5 AL '.._:T&:Ll.c bas gl
i) O b S oo cwl wlid g whibs el g (ol
0 o8l 580 ios A o o A8l il (i jLad gy 0 (b
S g0 g 8355 85, 8 LN o yidow Iy s dls ¢ uas iolsl ol ool
D98 (50 () i Sl ) g Wil e




¢/ Pfecipitation

Injection Well Www.engineeringcivil.com

Artificial _
recharge Pipe to source of
wel recharge water
Natural
recharge
from
Control valve stream

Stream

Injection pipe

Ground
water_
reservoir




“VE FTLN KV RO O R

(4GS (0 Uob jasiz (5395 (50!l p) ol (99902 0:eidS (50 P2

Sl b cosa L cnwl dbad i silasl 4 @ols el o ¥l
cHLw 6o cailal BUIyo asbiwl o o el asss 0L (¥ dbgms
.uﬁ'b.)

P8 el o) 35 L 48 OL8 o ciblagy s 090 aps e K
S0 b&LL.QI_Ql_g ((qu_a.SLJ.o L.L)QJ_QJL.O u_JLQ u.:l (O LBy aslislo b
(L ypdagl e3> Jume cudlags cuilud)y

25 S e sl ddne igr a5 cuwls 4y gl

o LY o 908 e (5 e e Gl waSO L oS Jo 8
(595 928 (50 Mo (0 (wdigo Ll g @il cang) s b asdyl ghiie ug)
NP

O i s bl by amlg Wl o Juso el pgo 45" 55z Lol
23195 ol plTe3)3 83 ccan oyl yo a0 o L asds Bds g L oLl
=i b g coe ool o8] gl abowly 4 wlg U slgs o wussS™ o0 udy
Nod 50 e 500 Se Lok s

0 000 ol 09 00 e 45 7890 (2,050 45 Jlw Llaz ]
oy e wsLas Ko ol o sleslillos Sl SO
S0 STMbol aolgsls T ¢ o> sbys il 4 sasis Leg

WS Ay wle
d..s_,u:v) u_;b_im LQJLJ ﬁuLA_).{b_.\.‘:u:) wu‘.).e,.; L g0 bbl_g_JL:- \\co\c)_aub




‘u.u_iL&) DJBJOT_Q e lUas] L_,_a[.m)l lo> d_{l_,;l.m'b.b)fwb LS)JL\ LR -T
i (b ) Aoyl ylads ol o ncunSolails g sl amygo SO
Wl smolas o a8 (Shbls 4 eools polaiz] Uit o) el 44,
3] w;.b ] W e b g oS S0 st ;JL.DL:-
4SS by ol Bl s uSe (895 80 L () usdd s couw SO
fQJQ_QJ)_QQ ul.mb).))‘_g rcud.m > alax] L.)"[ Sl

ok b slo LT
gy dabld










-

1. Hu J, Yan Y, Dai H, He X, Lv B, Han M, et al. Prediction method fo;
dynamic subsidence basin in mining area based on SBAS-InSAR and
time function. Remote Sensing. 1938:(11)16;2024.

2.1F, Liu G, Tao Q, Zhai M. Land subsidence prediction model based
on its influencing factors and machine learning methods. Natural
hazards. 41-3015:(3)116,2023.

3.Wang R, Wu K, He Q, He Y, Gu Y. A novel method of monitoring
surface subsidence law based on probability integral model
combined with active and passive remote sensing data. Remote
Sensing. 299:(2)14;2022.

4,Yang C, Qiuxiang T, Guolin L, LuYao W. Detailed mining subsidence
monitoring combined with INSAR and probability integral method.
Chinese Journal of Geophysics. 66-3554:(10)64,2021.

5. Haghshenas Haghighi, M.; Motagh, M. Uncovering the impacts of
depleting aquifers: A remote sensing analysis of land subsidence in
Iran. Science Advances 3039 :(19)10 ,2024.

6. Babaee, S.; Khalili, M.A.; Chirico, R.; Sorrentino, A.; Di Martire, D.
Spatiotemporal characterization of the subsidence and change
detection in Tehran plain (Ilran) using InSAR observations and
Landsat 8 satellite imagery. Remote Sensing Applications: Society
and Environment 36:101290 ,2024.

7. Zhang Y, Huang H, Liu Y, Bi H, Zhang Z, Wang K, et al. Impacts of
soft soil compaction and groundwater extraction on subsidence in
the Yellow River Delta. Marine Georesources & Geotechnology.
504-1497:(12)39;2021.

8.Eyo EU, Ng'ambi S, Abbey SJ. An overview of soil-water
characteristic curves of stabilised soils and their influential factors.
Journal of King Saud University-Engineering  Sciences.
45-31:(1)34,;2022.

9. Lee C, Kim J, Kim J-S. A Review of the Barcelona Expansive Model
(BExM) and its Application for Numerical Simulation of the
Mechanical Behavior of Highly Expansive Unsaturated Soils. Tunnel
and Underground Space. 62-347:(4)35;2025.

&




10. Abdullah BA, Al-Badran YM. Shear Strength Behaviour of
Unsaturated Soils: A Review. Al-Rafidain Journal of Engineering
Sciences. 46-2024:536.

11.Houston SL, Zhang X. Review of expansive and collapsible soil
volume change models within a unified elastoplastic framework.
Soils and Rocks. 44;2021:€2021064321.

12. Ng CWW, Zhou C, Chiu CF. Constitutive modelling of
state-dependent behaviour of unsaturated soils: an overview. Acta
Geotechnica. 25-2705:(10)15;2020.

13. Chai Q Han W, Wan F, Ding Z, Wu F. Study on coordinated
allocation of conventional and unconventional water resources in
typical regions of North China. Frontiers in Earth Science.
11:1198431;2023.

14. Elbana TA, Bakr N, Elbana M. Reuse of treated wastewater in
Egypt: Challenges and opportunities. Unconventional Water
Resources and Agriculture in Egypt. 53-2017:429.

15. Marchioni M, Raimondi A, Di Chiano MG, Sanfilippo U,
Mambretti S, Becciu G. Costs-benefit Analysis for the use of Shallow
Groundwater as non-conventional Water Resource. Water Resources
Management. 42-2125:(5)37,2023.

16. Qadir M, Smakhtin V, Koo-Oshima S, Guenther E.
Unconventional water resources: Springer; 2022,

17. Qadir M, Smakhtin V, Koo-Oshima S, Guenther E. The Future of
Unconventional Water Resources. Unconventional Water Resources:
Springer; 2022, p. 309-299.

18. Bagheri-Gavkosh M, Hosseini SM, Ataie-Ashtiani B, Sohani Y,
Ebrahimian H, Morovat F, et al. Land subsidence: A global challenge.
Science of The Total Environment. 778:146193;2021.

19. Hasan MF, Smith R, Vajedian S, Pommerenke R, Majumdar S.
Global land subsidence mapping reveals widespread loss of aquifer
storage capacity. Nature Communications. 6180:(1)14;2023.

20. Chala DC, Quinones-Bolafos E, Mehrvar M. Land Subsidence
Due to Groundwater Exploitation in Unconfined Aquifers:
Experimental and Numerical Assessment with Computational Fluid
Dynamics. Water. 467:(3)16;2024.

21. Davydzenka T, Tahmasebi P, Shokri N. Unveiling the Global
Extent of Land Subsidence: The Sinking Crisis. Geophysical
Research Letters. (4)51;2024:€2023GL104497.




22. Dinar A, Esteban E, Calvo E, Herrera G, Teatini P, Tomas R, et al.
We lose ground: Global assessment of land subsidence impact
extent. Science of The Total Environment. 786:147415;2021.

23. LiH, Zhu L, Guo G, Zhang Y, Dai Z, Li X, et al. Land subsidence
due to groundwater pumping: hazard probability assessment
through the combination of Bayesian model and fuzzy set theory. Nat
Hazards Earth Syst Sci. 35-823:(2)21;2021.

24, Ali A, Bilal M. A comprehensive review of GIS and remote
sensing applications in assessing land use and land cover impacts
on groundwater systems. Environmental Science and Pollution
Research. 52-18631:(31)32;2025.

25. Payne JA, Watson A, Maghsoudi Y, Ebmeier S, Rigby R, Lazecky
M, et al. Widespread extent of irrecoverable aquifer depletion
revealed by country-wide analysis of land surface subsidence hazard
in Iran. Journal of Geophysical Research: Solid Earth.
(9)130;2025:2024)B030367.

26. Safavi HR, Pour SlI. Evaluation of management scenarios for land
subsidence reduction and groundwater rehabilitation in
Damane-Daran plain, Iran. Groundwater for Sustainable
Development. 23:100995;2023.

27. Bremard T. Monitoring land subsidence: the challenges of
producing knowledge and groundwater management indicators in
the Bangkok metropolitan region, Thailand. Sustainability.
10593:(17)14;2022.

28. Ndahangwapo NN, Thiam DR, Dinar A. Land subsidence
impacts and optimal groundwater management in South Africa,
Environmental and Resource Economics. 126-1097:(5)87;2024.

29. Huning LS, Love CA, Anjileli H, Vahedifard F, Zhao Y, Chaffe PL,
et al. Global land subsidence: Impact of climate extremes and human
activities. Reviews of Geophysics. (4)62;2024:e2023RG000817.

30. Buffardi C, Ruberti D. The issue of land subsidence in coastal and
alluvial plains: A Dbibliometric review. Remote Sensing.
2409:(9)15;2023.

31. Thomas F, Livio FA, Ferrario F, Pizza M, Chalaturnyk R. A review
of subsidence monitoring techniques in offshore environments.
Sensors. 4164:(13)24;2024.

32. Turco MJ, Greuter A, Wang G. A Century (2024-1906) of
Groundwater and Land Subsidence Studies in Greater Houston
Region: A Review. Groundwater. 83-459:(4)63;2025.




33. Galloway, D. L., & Burbey, T. J. (2011). Review: Regional land
subsidence accompanying groundwater extraction. Hydrogeology
Journal, 1486-1459 ,(8)19.

34, Moghaddam, M. H. Raessi, M., & Moradi, A. (2018). Land
subsidence and ground fissure hazards in the Mashhad Valley, NE
Iran: Implications for groundwater contamination. Environmental
Earth Sciences, 545 ,(15)77.

35. Wang, J.,, Chai, L., Yang, P, & Liu, H. (2020). Responses of
groundwater flow and nitrogen contamination to groundwater
extraction in the Fu yang plain, China. Journal of Hydrology, ,590
125255.

36. Ojha, C., Werth, S., & Shirzaei, M. (2019). Groundwater loss and
aquifer system compaction in San Joaquin Valley during 2015-2012
drought. Journal of Geophysical Research: Solid Earth, ,(3)124
3143-3127.

37. Bohlke, J. K. (2002). Groundwater recharge and agricultural
contamination. Hydrogeology Journal, 179-153 ,(1)10.

38. Zhang Y, Wu J, Xue Y, Wang Z, Yao Y, Yan X, Wang H. Land
subsidence and uplift due to long-term groundwater extraction and
artificial recharge in Shanghai, China. Hydrogeology Journal
66-1851:(8)23;2023.

39. Shi X, Jiang S, Xu H, Jiang F, He Z, Wu J. The effects of artificial
recharge of groundwater on controlling land subsidence and its
influence on groundwater quality and aquifer energy storage in
Shanghai, China. Environmental Earth Sciences. 195:(3)75;2016.

40. Phien-Wej N, Giao P, Nutalaya P. Field experiment of artificial
recharge through a well with reference to land subsidence control.
Engineering Geology. 201-187:(2-1)50;2019.

41. Li M-G, Chen J-J, Xu Y-S, Tong D-G, Cao W-W, Shi Y-J. Effects of
groundwater exploitation and recharge on land subsidence and
infrastructure settlement patterns in Shanghai. Engineering Geology.
282:105995;2021.

O



R
AN
. "‘ *‘ .3:'.‘ r




@ @yaldaasunrise

@ @Dolatabadi_maryam

-




