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Groundwater resources are critical water resources for present and future
generations. However, it has not been used sustainably in most of Iran's plains,
and due to the increase in population and food demand caused by it in the last
century, it has been withdrawn more than in the past. The issue has been raised as
a serious threat to the maintenance of livelihoods, the stability of local
communities, and economic investments in the region. To prevent the continuation
of this process, it seems necessary to identify, review, and formulate solutions. A
variety of methods can be employed for estimating the withdrawal (country reports
and hydrological modelling) and depletion (water balance methods, volume-based
methods and indirect geodetic estimates or geodetic) amounts according to their
limitations and characteristics. Based on literature reviews in two parts of the
world and in Iran, the methods of estimation of withdrawal and depletion were
evaluated to obtain a general understanding of its situation. Studies show that 800
and 184 billion cubic meters are respectively withdrawn and depleted on a global
scale. In addition, there are 71 and 6.9 billion cubic meters (which is 10% and 4%
of the global amount) for Iran, and this reflects Iran's dependence on groundwater
resources. The dependency leads to the emergence of problems such as salinity
and groundwater level depletion, subsidence and related social and economic
issues. Moreover, most of the use of groundwater is linked to agriculture, and
despite the decrease in its portion of withdrawals, the relationship between
depletion and withdrawals has not changed.
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Table 1. Global estimates of groundwater withdrawal and depletion (BCM yr ")

Groundwater
References withdrawal/depletion Year Notes Sources
BCMyr*
Postel (1999) NA/200
Shah (2005) 800-1000/NA Contemporary Data-based estimate Literature and 're;')ons
Zektser and 600-700/ NA Country statistics
Everett (2004) :
312(£37)/126(+32) 1960 IGRAC GGIS database
Wada et al. (2010) 734(282)/283(240) 2000 Model based water balance method PCR-GLOBWB (0.5%)
Model and GRACE based volume Inssitu groundwater level .
. . measurements, GRACE satellite
based method with extrapolation for observation, calibrated groundwater
Konikow (2011) NA/145(£39) 2000-2008 other than USA, north India, North ’ . &
. . . . . model, extrapolation (15.4%;
China Plain, Saudi Arabia, Nubian and R . .
Sahara depletion to abstraction ratio of
USA)
Wada et al 312(£37)/64(£16) 1960 Model based water balance method IGRAC-GGIS
" 734(£82)/64(£16) 2000 with correction against reported o
(20122 and 2012b) e T8y 30547) 2050 regional depletion estimates PCR-GLOBWE (0.5%)
WaterGAP (0.5°), In situ
Doll et al., (2014) NA/113 2000-2009 Model based water balance method groundwater level measurements,
GRACE satellite observation
.. GRACE based volume based method
Van Dijk et al., imilati i
(25 ” NA/92 2003-2012 with data assimilation (original Data zigﬁizt“i)ze‘z”vtiinACE
depletion equals 168 BCM yr ) © ©
372/90 1960 IGRAC-GGIS
Wadaand 952/304 2010
Bierk 2014 - .5°
ferkens, (2014) o G 128)59785) 2099 PCR-GLOBWE (0.5°)
Yoshikawa et al., -/510 2000 o
(2014) -/1150 2050 HO8 (1.0%
Pokhrel et al.,
2015) 570/330 2000 Model based water balance method MATSIRO (1.0°)
De Graaf et al 460/NA 1960 PCR-GLOBWB (0.083 33°) coupled
(20178) at 980/NA 2010 to a global two-layer MODFLOW
NA/137 1960-2010 model
Hanasaki et al.,
+ + °
(2018) 789(£37)/182(+26) 2000 HO8 (0.5°)
OECD, (2020) 1024/NA 1970-2020 Data-based estimate Literature and reports
Country statistics
Shamsudduha and ensemble of datasets from GRACE
Taylor, (2020) 982/145 2010 Model based water balance method satellite and land surface models
UN Water and 959/NA 2017 Data-based estimate Literature and reports country

UNESCO, (2022)

statistics
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Table 2. Estimates of global aquifer storage

References

Extent, depth/domain
and detail

Global estimate Method

Nace, (1969)

Global, 1000 m

Assuming single effective porosity of 1% up to 1000 m

7x106 BCM depth times 5

Korzuns, Global, 2000 m, per 23.4%106 BCM Total volume: Three layers 100, 200, 200m thickness
(1978) continent ) with effective porosity of 15%, 12%, 5%
Global, saturated Fixed minimum and maximum specific
. thickness of 200 m, 1.1(0.6-1.6) x106 yield per aquifer based on major aquifer
Richey et al., (2015) Major aquifers of the BCM lithology and using asaturated thickness
world 0f 200 m.

Global, 2000 m, Total: 22.6 (15.8-29.5) Total: volume fraction 4 lithology classes

x106 BCM and depth-porosity profiles per class
Both total groundwater
Gleeson et al., (2015) m\gzil:rr;li?(l)dm Modern(<50years):
0.35(0.24-3.8) x106 Modern: groundwater modelling and tritium dating
groundwater km
volume (over 900 000
watersheds)
Global at 5 arcminutes,
only sedimentary Based on mapped aquifer thickness and
De Graaf et al., (2016) deposits and 6x106 BCM porosities (fixed with depth) in de
sedimentary PCRGLOBWB/MODFLOW global groundwater model
rocks in major aquifers
Lall et al., (2020) Global, 200 m 23x106 BCM Compiling regional estimates from various sources and

applying a correction factor based on the specific yield

Shamsudduha and Taylor, Global, 37 world major Based on an ensemble of datasets from GRACE and
; 23.4x106 BCM
(2020) aquifer land surface models
UN WateE;(;lzdzl)JNESCO, Global, 30 m 10.5x106 BCM Based on an ensemble of datasets from GRACE
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Figure 1. Groundwater withdrawal and depletion in country scale, retrieved from WRMC (2017)
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Figure 2. Number of Well, Qanat and Spring and their withdrawal, retrieved from WRMC (2017)
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Table 3. Estimates of groundwater withdrawal and depletion in Iran (BCM yr—1)

Groundwater
Reference withdrawal/depletion Year Note Method
BCM yr’
4.9+3.1/- 2003-2006 Middle east (northwest Hydrologic Model and
Voss et al,, (2013) 34+4.5- 2006-2009 of Iran) GRACE
I —
. — - Hydrologic Model, GRACE
Joodaki et al., (2014) 2543/- 2003-2015 and Well Data
Ashrafzadeh Afshar et al., 45/ 2002-2010 All of Iran
(2016)
Mazaheri and Abdolmanafi Literature and reports
(2016) 33.19/5 1973-2015 Country statistics
Noori et al., (2021) -/5.4 2002-2015 Well Data
Safdari et al., (2022) 20.08/- 2001-2017 All of Iran’s Basins Well Data
Saemian et al., (2022) -/9.5 2003-2019 GRACE and Well Data
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Figure 3. The ratios of depletion and return-flow, retrieved from WRMC (2017)
Table 4. Estimate of withdrawal and depletion and their components (WRMC, 2017)
Depletion (BCM) = Depletion ratio % ~ =
= S z X s
= - <]
e & g 3z 2g¢ =g % 2 E 3  EE-
Year 50 = g t 20 =0 = g E SE Z£S
£a 2 £ 2 -8 =& 2 £ g g3 g5
= = S =} < b = S = = >
= 5 a k= 3 & 2 a = = g
= 3 =
2002-03 74.61 55.27 4.36 1.10 60.73 13.88 91.01 7.18 1.82 81.39 18.61
2003-04 74.35 52.85 4.26 1.10 58.20 16.14 90.80 7.31 1.89 78.29 21.71
2004-05 77.88 56.81 4.92 0.99 62.72 15.16 90.58 7.85 1.57 80.53 19.47
2005-06 79.84 56.52 5.12 0.92 62.56 17.28 90.34 8.19 1.47 78.36 21.64
2006-07 79.20 57.41 5.16 0.93 63.49 15.70 90.41 8.12 1.47 80.17 19.83
2007-08 77.50 57.73 5.31 0.93 63.97 13.53 90.25 8.30 1.45 82.54 17.46
2008-09 73.86 56.62 5.48 0.91 63.02 10.84 89.85 8.70 1.45 85.32 14.68
2009-10 75.71 57.43 5.67 1.02 64.12 11.60 89.56 8.84 1.60 84.68 15.32
2010-11 70.48 54.77 5.87 1.07 61.71 8.77 88.75 9.52 1.73 87.56 12.44
2011-12 64.52 51.07 5.63 1.26 57.96 6.56 88.11 9.71 2.18 89.83 10.17
2012-13 64.93 50.71 5.40 1.21 57.32 7.62 88.47 9.42 2.12 88.27 11.73
2013-14 61.40 50.43 5.11 1.20 56.74 4.66 88.88 9.00 2.11 92.40 7.60
2014-15 61.09 50.00 5.27 1.23 56.50 4.59 88.49 9.32 2.18 92.49 7.51
2015-16 61.26 48.32 5.60 1.26 55.18 6.08 87.56 10.15 2.29 90.08 9.92

Byl 95 T Adiri g oo ) 39 ) T &ilio 3 Caild g9 O 31 F—Y

3] Mgﬁ N—F-Y

Sl ol oy dmosls ¢ sipejpnj sloalsh Wil &) sl Al (3b) oyie 1 e Gy b

Oee) Cumdiigyd )l ol yen 4y (Cigna and Tapete, 2022) 5 pdow yidlS § CSGD Cunslss | b Jow jlas
Shgwy g9 cdeds O Jols (slaar¥ 34 0 cael a8 (cdite Hlid cpuidlil =V bl o sl s 90 4 el



VF+F (090 0ylas w0 jw 0,90 o 55lof 9 of o o £y

5l iS5 0 dlge pl AB8ST e 4 e a5 Ol paw 8l Jdda wy slaaY ub6STye =Y Wigd 03 b
9 0831355k (A5 polie 4 (uejnj sl 5 ST a8 usline Gl el g 35 SVl b (g0 Cunndig 3
Sy o155 Jehots 5 31> (e i Sl S 35 gy g 3] (5 iz ol 8l L o)ligd 05
StV Conniiig,d 989 b (van Asselen et al., 2009) cuwl Seo¥lpe I dlgo gl 5 (o5l S il
B 3l Ly oS gino ol 4 Bl o JlaS 4y 35 sl 08D byl Al 0,5 el Ayl e 4y e £l s
85 655 » S olin o plyied 25 sy el Sl 083 abil el 3 ey O e Sl ey,
boaizye bl gl g Cundipd @gd ciligie Cundigd b ad ool (el Ciday (ueins o e Sl cudby
g8y Jb 1 wojp; o wlio 5l Cadldp b Camlite Cantigyd 55 1yl ) (Sato ef al., 2006) cusls 4oyl 558 s puo
oS b b (Negahdary, 2022) ol oad by Jlo > yio b L o] (gl Conniig b & Lawgie 45 (cligSas 039

(Rahmani et al., 2020) s o )l y5 bl ) by yo Lid D Canniiigyd &5 oy 5yl

5525508 e MK Sl 91 Y—F—
ity JlacKis 51598 iy Jlagi 3 3 jinS il b Ve 0350 e Ol pulidlyn JluSizs
o ple 4ds Jials ((55liS Jlosiis) SB ol s 5 Cagb) ) i 2l b sl IS ojlul 4,
Ol g oy 4y heoi ol e 45 Sl Coles 5 g (i ol Jockias) Ol Bl e 5 (o))
(Tallaksen and Lanen, 2004) 395 o yictio ((So59)9)0n JocSKis) (So590o)hud piwmw JS 5 o] by
oSits cusl (Sae plply 9o o] 456 4 e hejn o plie Sl as ) i cutly Sl
Oy Cuzer 5 ygdes oo il i &S (K5 by, ases (Wada et al., 2013) wb iolidl 56 (SS5elspun
and > (Gleeson et al., 2012) ol plaa polpw 3 duwojp; ol mbio 455 5 oYL L olaglesol Jols
U515 (2018) Mukherjee ef al. adlas ol 03,5 43,56 1y il bys 03,8 LialS (S5 adgs oyl
b aals oy o canl Sl by acis st Ly ey o ole Lad il oS e e
sl o 2908 2 e (s o glio (i Gt il cizen o 5 609y i O (e o e
st 2y il Sz 3blio > reis ol e S Sl cul g 29500 Candaly 3 (65)5lS Y guao g
OiblS g bod lawgio (iolidl 4 e &S ol )3 00lus ) w8l 1us5 3429 b (Scanlon, 2012; Faunt et al., 2012) 5l
iy o lie o Fte 8l & e jol ol g Bl QI s o ulie 5] il sl o VLo (S5

(Madani et al., 2016) ol oas ] (slao S g anlpl a0iss jials a5 g

ol 40 T gdaw il 31 F—F—Y
Gros hed ey o e Culaly Sl o GRIFI (eins Ol e (el slasaly S0 (S
bl 359 0 48,5 Lo )3 Iime (Sa5elgydn 4352 9 (M dbilae Jl lsd 5 445 255 9 (gilwo s x> & dinn
S p Ol ol iy eel (s aadopsd Ol p IS WE L eejpg O plie ) sy e
Sahagian ef al. .S o SoS byd maw il g b weldl 5 tn (ilwopudd 4 g dad 0 (SS5elg)dun
-adlgo 133,S 3yglp byd O pdaw @lyis 3 1) ) O mlie 0p3d Slyuii paw 45 g Sl gl (1994)
Sl (ute) (ojs ol Ll (i) ()jre iy )3 (6650l Jolds o) f e s shie 9 St (sl



£ OlyKas g Sy (Ghgodaco | e ()1 5099 SiZ) (o s i I golio ST g il plio 3y9] slo 45y,

m sloygly (b ) it (Cute b (hie) ol sloasy 5 ozl 0 o g Sl g (Cuto) VB
cou 390 ¢ (Gornitz et al., 1994; Rodenburg, 1994) o3 &glite jlws ailge cpl (6,138,850 e
(IPCC, 2007) cunl 03 IPCC o155 ()15 cyem sl 4 ke &5 spsbots ccunl 48515 a5 LB

ot il 51 S (Konikow, 2011; Wada, 2016, 2012) Jles ey ol wbio 4055 3,50 15 b imgly
Jo lgieds .l suosp; ol wlio alss ol8l ases )3 azilS amd Job 10 by Ol paw iol38l 55 adhe oyl oo
3 yia o (E0/+0) 1OV 51 Ly o Sial8l p Sles sweips ol wlie adst waw Lyil33l (2012) Wada ef al.
O Lol il 5l (56 odas jgboas (iul3dl ol 50,8 o i Yode Jlo b yio oo (F+/NY) </AY 4 Yero Jlo
slales 5 ol slos 5 s sar (658 Sblie J s Sl 55 o o J canl 45518 8 g
2 i o glie 4l res o> Slallls .l (ayn; o e 435 5 o o 4y ol YL
De Graafet al., ) siS o (o)li5 Vere Jo 2900 gly Jlo 13 i oo +/Y=+/2 dgdn 1 byd o Sles ]38l
waips Ol wle o Voo 4 K35 oS cul 0sd 548 598 gladygly ,> (2017; Hanasaki er al., 2018
— o8l el Jae S 3l edlatel L (2016) Wada et al. adlas Dgi 0 p3 b wgldl & coles o iby
ool alo 52950 o5 I pogldl 4 (uoj0) o i (1ol ke dio)d A o o8 sl 00l (L (Sojelg)am
(oo %) 1Y by Sl daw Gl 3 uejps ol plio 455 mrew Wigd oo c8bil e slad)l bawg
Oladllas amd oo i &S Canl @Bl yiol381 Yoo Jlo U Jbo p0 o oo (E/+¥) «/YY )0+ Lo il Sl 53 o Lo
(Wada et al., 2016) 5les 8 3,515 35 51 L | otees (2 st I oo 03 ploed

o)1) T @lo a9 .F—F-¥
el clale) wbl cpyd s ol @lie & catly Hlsl plge oSy laglygul sye Vermdee Bes 5
S e V= b £l il 15 s ini5 o b cles ol 5 3 020 9 25 S ) S Jsbeo
£ eo YO 5l 5 e Jolowe Mol cldale) jai 558 b (5 j3 p)5 Lo YOV Joloo 2ol clale) jou (i) )
sblio b alozal 51 55 55 (van Engelen ef al., 2018) cusl ol b suej (6o Lide 48 diun (2 3
Jioas iwois o glio Slay bl ol 5o i Sl o8 slasl 1> il o yadd b yod (ejj ol e
5 Otoed i ol e Sy o Sl & e Wlgioe Sy ol 12 3 eeins o plie Jlib tals
S wimd o w1y ablie | wpd (2009) van Weert ef al. g sunjp; ol qolio b gud 4 )3 g you
8l oS b bwgie lasl )3 plgia 1y 9 ej i slac] glie ol )

015 (ol slalssel )3 ohiges oo Bl Sl (gl o Ol plie (2,05 A5 4 2eie e ol e oy
opl ool 485 |15 adllandjge 03 S yobody b yiSanj b lamols 15 50 yob Ol (g9 i A5 (Post et al., 2018) ol
oly (Sogl 5 595 Ol (so iy Al ol 15 s (Ko 3 s9b = pptyed O] S ydle s 145 a3 o Lt ol
e o5t 15 b o (e 4] o 4 53 o g e CaS S (o 0350 5 i i
295 9 o S e o easio jpe Mo Mlllas pl oJlocnl b il 65 iy O plie 435 oS
Sy (585 s b uly 13 390 (£y9b 1 Sleay D3 3T Wl eSSyl 4 e Loges &S A8 0 (58
5 (Jakovovic et al., 2016) y4i Ol (cg i (i3l 4 oo 48 395 0 30l Hois T ) anl 5 ¢ Suoldgyhun
@ e yoi Ol Jil 4ol duwes ¢ pwinen (Werner ef al., 2009) 39 o uojp; o ple cdale o, il



VF+F (090 0ylas w0 jw 0,90 o 55lof 9 of o o Yy

@7 @y (Seeladgyie STy Jold (oo0e oo cnlply Ddie ey By )58 FAS el
2 i ol glie ) cudby Gley laoly (K005 0 0 (hejns ol e g Sygo 3 o Mad e S
5 (Jakovovic ez al., 2016) Ol cuas jials 4 yxio 35 e SYob 45 g ol bedliinl bl pé 4 e SaolisS
oy ol @lio g (e O @l w0 catlop b bl cpl gl g o dilate 13 ey o @lie J odliel pac
Cp swoi; o e plbeuiS p (6)eh @ (ol slaslosul o394 (van Weert et al., 2009) secqS g
il ey ysb oS Gadae (2012) Ferguson and Gleeson .(Konikow and Kendy, 2005) siws _wlas b
3 pote by oAb g (S5dgienm bulpd il (gledjS b 4 g b ol slaglsel (i ol plie
(seins o gl 3l ey G 3l el wlio (hdyed lee Cuatl 2929 b sl laly > Ol s 38 50
oip; o) @lio 5 cusly g aswg cov laglgsul (69 5l (Mabrouk ef al., 2018) (cladhio (cla i yiw b

(Riahi Zamin et al., 2019) wsb o d9aii0 3yl slalgsol 51 gyl 13 pal ol 5,05 3929

03223 T @l 4 usly SBpiuwsst 5 il H—F-Y

2o ol g i i gl (o Ol glie b g (heips ol e J by i
I plie 4l55 & o (coi; Sgrge b lapiumsS] im (GDES) " wnij ol plis & dtadly clagius]
awd dw & |y wejpj O wlie 4 dialy slagiumwgST (2016) Eamus ef al. )b 15t aitas Lolus wejp;
Slegids =V o LOYE dajs dadal )y dadadia =V OIS dajle 5 d92g0 (BLS gl =) LS oo ppds
oo elde  (gybpaid gy we)ls (2017) Doody et al. . Jolw b Ks b K> wle 25
byl (gl aimd o L] pamans (il g 590 3l tomias ) edlatl b eejj o e 4 dtily (SloptuussS]
S5 ool (2013) Fa €1 0l baogs s s Slncl o 45 i o i & ey (sopisess
Cnes gdaw 5 0o yd VO &S ol 0 D9l e (sla] e 4 bl sl 0sd ) Slen uejp; ol Je
doezy ) oo ol bt (oolld el (0 pm0 3 48 sl o oty bl Lawgi (S5 slaeelyys Clui) )
505 )5 (g Ao gl dncls o

S Y
8,5 8 bl alss g cudloy (e 0 Ul ptusS] g pldl Gl (gl Sl mie lyisas (i) o e
9 i jlame Clded damdig § g Ol dgis (wej s Ol lie S Sl i slacutly g Lolis (2l38l b &S cud
iy ol plo b Copta porde s pl b dblis (gl xS )8 g y90 St Uil b
o alio Juk o o) Sl Jgine (laslme 2 ttio (e o @lie by 8l sloJlo (b ol 0 ks
bojlone cpl Cosl (gy900 alpls sl 0395 bogyye (slacuslapis 5 (&S (B Slacadgie & dag L (wein)
S lio b g dBbdawgs (5)lze Codgie (pl il SOy (6l U Wb adlil 5 i cusladpic o acudgiow ¢ olge
Silodte e Sl gh asule dweipi ol ple Jub Copte 5 by anass e beS Foke
Jobss 31 i b ety sl Jobis 4l e 4335 b by (gl bogil Gmig of e )lul (Sesls
O gl gaw puilie 4 e o Ciby Jlon ol (e Ol glio 5 (Gej) O e s o 03
4 i &S ordy 4 b g (OS5 2y o 3l ot el 1 e oae 5o (o O lie s Sl (a5



£yy OlyKas g Sy (Ghgodaco | e ()1 5099 SiZ) (o s i I golio ST g il plio 3y9] slo 45y,

oadal s loj Jsb 3 gl JolSG g b a5 &3 059l 3,5 0 090 ey ol gl pylao halS
40 3l a5 3,150 (9 S 0g0me jglatods g o 03 g e 1 iae Slaghy) anle Al 4 deg b g ABl e
oo o tuoins Ol bl 0,9l (dly e sty 4 il ad  Snge 5 Mbbise w2 (e Sloby S0
D) 2 1) ) slapille sl cpl & ol 5ot Clialia g (gwejn O S

29 i) 0358155 (slaylel b sl Crtio g (g 55 )9ltS” (slaisy bl g Ol gLolE (gloJro -
P S g5 iy Gl il gl o 1y 95 ol ol e B 3 | bl g & Sy
D35 (0 )55 03l odlialyyge S5 slasis

Aizad SB 5l oaSy 3585 ol Laid by Jao ST .0, 3939 aJie ;5 losol 43s5 3,905 300 4 5L -V
ol ] e oo T e by ) b g S 3 pete w35 ol b St gblie 3 45l
e bj)l ) ool g oad 0abuS b i p3 b ],

SB 5 S s Shy se 0 SNl (g 3 & Gein ol gladse <l Y
dxoly Sinlon (3 plis yol ol g 200 (St ol g (woins Sl 508 9 o i o Sl lalis
ols 5 bl 5 (slotnlia sloosls wiS Siw 5 5 JSutte shodlsolfol Ky il goyd sly (Saisloped
il e (sllais o) Ol slaJae (6395 slaedls 5 (S5lg5a,nm (sl s

o2 o Olanlie pl bl ol od @8lg dbe guojp; o il b bl ololid )3 yed)l iovus b9, —F
dSgrc §y9ld ) Shpdy Wl ladbate U e a0yl lp lodme (S w0B L o5 sl 2929
sl jly90 yiae Slaggdy G 4 CS > (gl Lol (ilupluar 5 (58555 (sl e

3y90 3 ushipie Gl sl 3 2959 b &S cuwl by @ p3Y ondpbol Cldllas jgye & angi b coles o
ol 00t a3lid pAlaos i ol wle 1 eslitl ST slacudgie 5 heiny ol ple 4y ¢y
lopiagsy pll 4 bsio cunladpis o (2508 b (ei) ol @le Juk s dlal g asog uizen
SleMbl 5 Lol g5 4 byio 295 & Cuul Cumbabpas Lo g il iy silodie p (e Sote by ole
slacashipie pledl olyon 4 uoip; ol ple 4lsv g 435 (gilo re 9 SledMbl aws Bk 5l .cwl 4l
S e diojls Slisios s plool .ol paija (oolaidl Jate I ey g xaw Of mle adl clagiaw
ol il alde gy ()l ki g sols dnols

bows s . F
1. Withdrawal
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11. Data-Intensive Approach
12. Groundwater-Dependent Ecosystems

Nele JBEN o) NV, I SN



VF+F (090 0ylas w0 jw 0,90 o 55lof 9 of o o £Ye

8o 43 .0
) 3929 (B rumg o (Ble 2l AgSn

&bw .f

Ashrafzadeh Afshar, A., Joodaki, G. R., & Sharifi, M. A. (2016). Evaluation of Groundwater
Resources in Iran Using GRACE Gravity Satellite Data. Journal of Geomatics Science and
Technology, 5(4), 73-84. (In Persian).

Bierkens, M. F. P. (2015). Global hydrology 2015: State, trends, and directions. Water
Resources Research, 51(7), 4923-4947.

Cao, G., Zheng, C., Scanlon, B. R., Liu, J., & Li, W. (2013). Use of flow modeling to assess
sustainability of groundwater resources in the North China Plain, 49(1).

Cigna, F., & Tapete, D. (2022). Urban growth and land subsidence: Multi-decadal investigation
using human settlement data and satellite InSAR in Morelia, Mexico. Science of The Total
Environment, 811, 152211.

Danaei, G., Farzadfar, F., Kelishadi, R., Rashidian, A., Rouhani, O. M., Ahmadnia, S.,
Ahmadvand, A., Arabi, M., Ardalan, A., Arhami, M., Azizi, M. H., Bahadori, M.,
Baumgartner, J., Beheshtian, A., Djalalinia, S., Doshmangir, L., Haghdoost, A. A.,
Haghshenas, R., Hosseinpoor, A. R., ... Malekzadeh, R. (2019). Iran in transition. In The
Lancet (Vol. 393, Issue 10184, pp. 1984-2005).

De Graaf, I. E. M., van Beek, L. P. H., Wada, Y., & Bierkens, M. F. P. (2014). Dynamic
attribution of global water demand to surface water and groundwater resources: Effects of
abstractions and return flows on river discharges. Advances in Water Resources, 64, 21-33.

de Graaf, I. E. M., van Beek, R. L. P. H., Gleeson, T., Moosdorf, N., Schmitz, O., Sutanudjaja,
E. H., & Bierkens, M. F. P. (2017). A global-scale two-layer transient groundwater model:
Development and application to groundwater depletion. Advances in Water Resources, 102,
53-67.

Doll, P., Miiller Schmied, H., Schuh, C., Portmann, F. T., & Eicker, A. (2014). Global-scale
assessment of groundwater depletion and related groundwater abstractions: Combining
hydrological modeling with information from well observations and GRACE satellites.
Water Resources Research, 50(7), 5698-5720.

Feng, W., Zhong, M., Lemoine, J. M., Biancale, R., Hsu, H. T., & Xia, J. (2013). Evaluation of
groundwater depletion in North China using the Gravity Recovery and Climate Experiment
(GRACE) data and ground-based measurements. 49(4), 2110-2118.

Foster, S., & Loucks, D. (2006). Non-renewable groundwater resources: a guidebook on
socially-sustainable  management  for  water-policy  makers.  Retrieved  from
https://unesdoc.unesco.org/ark:/48223/pf0000146997

Gleeson, T., Befus, K. M., Jasechko, S., Luijendijk, E., & Cardenas, M. B. (2015). The global
volume and distribution of modern groundwater. Nature Geoscience 2015 9:2, 9(2), 161-167.

Gleeson, T., Wada, Y., Bierkens, M. F. P., & Van Beek, L. P. H. (2012). Water balance of
global aquifers revealed by groundwater footprint. Nature, 488(7410), 197-200.

Godfray, H. C. J., Beddington, J. R., Crute, 1. R., Haddad, L., Lawrence, D., Muir, J. F., Pretty,
J., Robinson, S., Thomas, S. M., & Toulmin, C. (2010). Food Security: The Challenge of
Feeding 9 Billion People. Science, 327(5967), 812-818.

Gornitz, V., Rosenzweig, C., & Hillel, D. (1994). Is sea level rising or falling? Nature 1994
371:6497,371(6497), 481-481.

Hanasaki, N., Yoshikawa, S., Pokhrel, Y., & Kanae, S. (2018). A global hydrological simulation
to specify the sources of water used by humans. Hydrology and Earth System Sciences,
22(1), 789-817.



£yo OlyKas g Sy (Ghgodaco | e ()1 5099 SiZ) (o s i I golio ST g il plio 3y9] slo 45y,

Hoekstra, A. Y., & Chapagain, A. K. (2006). Water footprints of nations: Water use by people as a
function of their consumption pattern. Water Resources Management, 21(1), 35-48.

Jakovovic, D., Werner, A. D., de Louw, P. G. B., Post, V. E. A., & Morgan, L. K. (2016).
Saltwater upconing zone of influence. Advances in Water Resources, 94, 75-86.

Joodaki, G., Wahr, J., & Swenson, S. (2014). Estimating the human contribution to groundwater
depletion in the Middle East, from GRACE data, land surface models, and well observations.
Water Resources Research, 50(3), 2679-2692.

Konikow, L. F. (2011). Contribution of global groundwater depletion since 1900 to sea-level
rise. Geophysical Research Letters, 38(17).

Konikow, L. F., & Kendy, E. (2005). Groundwater depletion: A global problem. Hydrogeology
Journal, 13(1), 317-320.

Korzun, V. I. (Valentin L, & Mezhduvedomstvennyi komitet SSSR po mezhdunarodnomu
gidrologicheskomu desiatiletiiu. (1978). World water balance and water resources of the
Earth. 663.

Mabrouk, M., Jonoski, A., Oude Essink, G. H. P., & Uhlenbrook, S. (2018). Impacts of Sea
Level Rise and Groundwater Extraction Scenarios on Fresh Groundwater Resources in the
Nile Delta Governorates, Egypt. Water 2018, Vol. 10, Page 1690, 10(11), 1690.

Madani, K. (2014). Water management in Iran: what is causing the looming crisis? Journal of
Environmental Studies and Sciences, 4(4), 315-328.

Madani, K., AghaKouchak, A., & Mirchi, A. (2016). Iran’s Socio-economic Drought:
Challenges of a Water-Bankrupt Nation. [ranian Studies, 49(6), 997-1016.

Mansouri Daneshvar, M. R., Ebrahimi, M., & Nejadsoleymani, H. (2019). An overview of
climate change in Iran: facts and statistics. Environmental Systems Research, 8(1), 1-10.

Margat, J., & van der Gun, J. (2013). Groundwater around the World: A Geographic Synopsis.
Groundwater Around the World: A Geographic Synopsis, 1-343.

Mazaheri, M., & Abdolmanafi, N. (2016). Investigating the water crisis and its consequences in
the country. Retrieved from https://rc.majlis.ir/fa/report/show/1654990. (In Persian).

Nace, R. L. (1969). World water inventory and control. In Introduction to Geographical
Hydrology: Spatial Aspects of the Interactions between Water Occurrence and Human
Activity (Vol. 4, pp. 8-19). Taylor and Francis.

Negahdary, M. (2022). Shrinking aquifers and land subsidence in Iran. Science, 376(6599),
1279.

Noori, R., Maghrebi, M., Mirchi, A., Tang, Q., Bhattarai, R., Sadegh, M., Noury, M., Haghighi,
A. T., Klove, B.,, & Madani, K. (2021). Anthropogenic depletion of Iran’s aquifers.
Proceedings of the National Academy of Sciences of the United States of America, 118(25),
€2024221118.

Perry, C. S., Steduto, P., & Karajeh, F. (2017). Does improved irrigation technology save water ? a
review of evidence: Discussion paper on irrigation and sustainable water resources management
in the Near East and North Africa. Retrieved https://www.fao.org/policy-support/tools-and-
publications/resources-details/en/c/897549/

Pokhrel, Y. N., Koirala, S., Yeh, P. J. F., Hanasaki, N., Longuevergne, L., Kanae, S., & Oki, T.
(2015). Incorporation of groundwater pumping in a global Land Surface Model with the
representation of human impacts. Water Resources Research, 51(1), 78-96.

Post, V. E. A., Oude Essink, G., Szymkiewicz, A., Bakker, M., Houben, G., Custodio, E., &
Voss, C. (2018). Celebrating 50 years of SWIMs (Salt Water Intrusion Meetings).
Hydrogeology Journal, 26(6), 1767-1770.

Postel, S. (1999). Pillar of sand : can the irrigation miracle last? In Worldwatch book . W.W.
Norton. http://www.globalwaterpolicy.org/index.htm



VF+F (090 0ylas w0 jw 0,90 o 55lof 9 of o o tA N

Rahmani, A., Bolourchi, M. J., Shahbazi, R., Rahmani, H., & Khosroshahi, M. (2020). Land
subsidence: Part 1 (causes and factors). [ran Nature, 4(6), 77-91. (In Persian).

Riahi Zamin, R., TORKAMAN]I, J., & Shajari, S. (2019). Externalities of groundwater overdraft
on the supply of agricultural products: A Case Study of wheat in Marvdasht (Vol. 11, Issue
141, pp. 263-275). JOURNAL OF Agricultural Economics Research. (In Persian)

Richey, A. S., Thomas, B. F., Lo, M. H., Famiglietti, J. S., Swenson, S., & Rodell, M. (2015).
Uncertainty in global groundwater storage estimates in a Total Groundwater Stress
framework. Water Resources Research, 51(7), 5198-5216.

Rodenburg, E. (1994). Man-made lakes and sea-level rise. Nature, 370(6487), 258.

Ruddell, B. L. (2018). HESS Opinions: How should a future water census address consumptive
use? (And where can we substitute withdrawal data while we wait?). Hydrology and Earth
System Sciences, 22(10), 5551-5558.

Saemian, P., Tourian, M. J., AghaKouchak, A., Madani, K., & Sneeuw, N. (2022). How much
water did Iran lose over the last two decades? Journal of Hydrology: Regional Studies, 41,
101095.

Safdari, Z., Nahavandchi, H., & Joodaki, G. (2022). Estimation of Groundwater Depletion in
Iran’s Catchments Using Well Data. Water (Switzerland), 14(1), 131.

Sato, C., Haga, M., & Nishino, J. (2006). Land Subsidence and Groundwater Management in
Tokyo.

Scanlon, B. R., Faunt, C. C., Longuevergne, L., Reedy, R. C., Alley, W. M., McGuire, V. L., &
McMabhon, P. B. (2012). Groundwater depletion and sustainability of irrigation in the US
High Plains and Central Valley. Proceedings of the National Academy of Sciences of the
United States of America, 109(24), 9320-9325.

Scanlon, B. R., Longuevergne, L., & Long, D. (2012). Ground referencing GRACE satellite
estimates of groundwater storage changes in the California Central Valley, USA. Water
Resources Research, 48(4).

Shah, T. (2005). Groundwater and human development: challenges and opportunities in
livelihoods and environment. Water Science and Technology, 51(8), 27-37.

Siebert, S., Burke, J., Faures, J. M., Frenken, K., Hoogeveen, J., Déll, P., & Portmann, F. T.
(2010). Groundwater use for irrigation - A global inventory. Hydrology and Earth System
Sciences, 14(10), 1863-1880.

Steward, D. R., & Allen, A. J. (2016). Peak groundwater depletion in the High Plains Aquifer,
projections from 1930 to 2110. Agricultural Water Management, 170, 36-48.

Tallaksen, L., & Lanen, H. V. (2004). Hydrological drought : processes and estimation methods
for streamflow and groundwater.

United Nations. (2014). World urbanization prospects: The 2014 revision [Highlights].
Retrieved esa.un.org/unpd/wup/

van Asselen, S., Stouthamer, E., & van Asch, T. W. J. (2009). Effects of peat compaction on
delta evolution: A review on processes, responses, measuring and modeling. Earth-Science
Reviews, 92(1-2), 35-51.

Van Dijk, A. L. J. M., Renzullo, L. J., Wada, Y., & Tregoning, P. (2014). A global water cycle
reanalysis (2003-2012) merging satellite gravimetry and altimetry observations with a
hydrological multi-model ensemble. Hydrology and Earth System Sciences, 18(8), 2955-2973.

van Engelen, J., Oude Essink, G. H. P., Kooi, H., & Bierkens, M. F. P. (2018). On the origins of
hypersaline groundwater in the Nile Delta aquifer. Journal of Hydrology, 560, 301-317.

van Weert, F., van der Gun, J., & Reckman, J. (2009). Global Overview of Saline Groundwater
Occurrence and Genesis (Report number: GP 2009-1). Utrecht IGRAC - U. N. Int. Groundw.
Resour. Assess. Cent., 1-32.

Vernadskiy. (1933). History of Natural Water. History of the Minerals of the Earth’s Crust 2
Leningrad.



£vy OlyKas g Sy (Ghgodaco | e ()1 5099 SiZ) (o s i I golio ST g il plio 3y9] slo 45y,

Voss, K. A., Famiglietti, J. S., Lo, M., Linage, C. De, Rodell, M., Swenson, S. C., Voss, C.:,
Famiglietti, J. S., Lo, M., De Linage, C., Rodell, M., & Swenson, S. C. (2013). Groundwater
depletion in the Middle East from GRACE with implications for transboundary water
management in the Tigris-Euphrates-Western Iran region. Water Resources Research, 49(2),
904-914.

Wada, Y. (2016). Modeling Groundwater Depletion at Regional and Global Scales: Present
State and Future Prospects. Surveys in Geophysics, 37(2), 419-451.

Wada, Y., & Bierkens, M. F. P. (2014). Sustainability of global water use: past reconstruction
and future projections. Environmental Research Letters, 9(10), 104003.

Wada, Y., Florke, M., Hanasaki, N., Eisner, S., Fischer, G., Tramberend, S., Satoh, Y., Van
Vliet, M. T. H., Yillia, P., Ringler, C., Burek, P., & Wiberg, D. (2016). Modeling global
water use for the 21st century: The Water Futures and Solutions (WFaS) initiative and its
approaches. Geoscientific Model Development, 9(1), 175-222.

Wada, Y., Lo, M. H., Yeh, P. J. F., Reager, J. T., Famiglietti, J. S., Wu, R. J., & Tseng, Y. H.
(2016). Fate of water pumped from underground and contributions to sea-level rise. Nature
Climate Change, 6(8), 777-780.

Wada, Y., van Beek, L. P. H., & Bierkens, M. F. P. (2012). Nonsustainable groundwater
sustaining irrigation: A global assessment. Water Resources Research, 48, 0-06.

Wada, Y., Van Beek, L. P. H., Sperna Weiland, F. C., Chao, B. F., Wu, Y. H., & Bierkens, M.
F. P. (2012). Past and future contribution of global groundwater depletion to sea-level rise.
Geophysical Research Letters, 39(9).

Wada, Y., Van Beek, L. P. H., Van Kempen, C. M., Reckman, J. W. T. M., Vasak, S., &
Bierkens, M. F. P. (2010). Global depletion of groundwater resources. Geophysical Research
Letters, 37(20).

Wada, Y., Van Beek, L. P. H.,, Wanders, N., & Bierkens, M. F. P. (2013). Human water
consumption intensifies hydrological drought worldwide. Environmental Research Letters,
8(3), 034036.

Wada, Y., Wisser, D., & Bierkens, M. F. P. (2014). Global modeling of withdrawal, allocation
and consumptive use of surface water and groundwater resources. Earth System Dynamics,
5(1), 15-40.

Werner, A. D., Jakovovic, D., & Simmons, C. T. (2009). Experimental observations of saltwater
up-coning. Journal of Hydrology, 373(1-2), 230-241.

WRMC. (2017). Water Resources Management Company.
Retrieved https://stu.wrm.ir/tbl_amarrequests_add.asp. (In Persian)

Yoshikawa, S., Cho, J., Yamada, H. G., Hanasaki, N., & Kanae, S. (2014). An assessment of
global net irrigation water requirements from various water supply sources to sustain
irrigation: Rivers and reservoirs (1960&ndash;2050). Hydrology and Earth System Sciences,
18(10), 4289-4310.

Zarch, M. A. A., Malekinezhad, H., Mobin, M. H., Dastorani, M. T., & Kousari, M. R. (2011).
Drought Monitoring by Reconnaissance Drought Index (RDI) in Iran. Water Resources
Management, 25(13), 3485-3504.

Zektser, Igor S., & Everett, L. G. (2004). Groundwater resources of the world and their use.
Retrieved from https://unesdoc.unesco.org/ark:/48223/pf0000134433



