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Abstract

The sustainability of earth’s crucial resources, such as
groundwater, is a critical issue. Physically sustainable
groundwater use is an unavoidable necessity for sustainable
development in Iran. In many watersheds, overexploitation and
neglecting the reasonable criteria for sustainable use of
groundwater have led to the destruction of groundwater-
dependent ecosystems as well as many other inevitable losses.
Considering the necessity of defining fundamental concepts in
groundwater management to determine the maximum
admissible depth of wells, this paper assessed the most cited
concepts from various published articles during the last
century. After examining the historical changes in these
fundamental concepts, the concepts have been categorized for
the use of water resources experts. We found that three basic
concepts of sustainable yield, safe yield, and Mining Yield are
the most commonly used and the others are defined according
to these three. In other words, the evolution occured in
response to the question of how much water can maximally be
extracted from the aquifer. A review of the evolution of
approaches to groundwater pumping showed that determining
the maximum amount of pumping requires the reasonable and
desirable criteria based on the aquifer yield concepts. In the
meta-analysis and summary section, the paper compared the
current (executive and scientific) approach in Iran with the
evolution of groundwater management in the world (reviewed
in this article). This comparison indicated that there is a
profound gap between sustainable groundwater exploitation
and the current groundwater management conditions in Iran.
Keywords: Groundwater Sustainability, Sustainable Yield,
Safe Yield, Mining Yield, Reasonable Indices.

Received: May 1, 2022
Accepted: September 7, 2022

Ol O g lgul (Al palie JolSS 5 (5590
02500 o prte 50 el

57 sasluo Juadllgrl ¢ ¥ gaUT ke diol ¢ LS 13 puila

T 50913 ol oS

oS

3 S il 4 cal oy £9090 Sl o) 05 @l bl
Slygre jlasie cnl 5 LL )bpose sl glie cpl ok
8L Lol 0ga5 oo Cgmone ol pl O Ll drwgy a4y oliwes (gl pbolasl
SPLL ybyome sly ool pealin & dog 5l clae 5 cuildy
acly SloptumsS] (5306 ol (Sades I (ool )3 (o) 5]
ey bcwl il g ) bl chlud K3 5 dejpjcl @
o lp Greipil Copte 0 ookt eblie iy s
0P b pealio p olitely dllis ol 53 dmoly (SSBCS Foe ST
ol 48,5 )18 o 5 4355 0590 ¢ gl ysetnl caliee @Ylis I sl
Slp pedlie cnl odlis pudlie cul 3 jaS (Bl yew (yp I
olis b dos g 450 s Gl ol gl lansds odlal
ol g 2l (pal iale (aul) (ool porie dw &S w3
i potie du (pl Jo eblin ;03 g 48y )18 d2g53)90 s (L
033 jl e dx Slus o Jlgw cpl @ Gl 3 Jgo5 ol 5503 plo
2 75 s ygy0 1Bl dnusgs Cusl Slooy B gl (6100 20 LB
Sleoy I (e 45 o 0L (il Sl Gl Slay sl S,
2 bl padlio pl 2 (ise Cgllas g Jgine (albjline (s Mejl
@Rl) ol 3509, ol csingen 5 ol 13 i 53 cllio sles!
cnl 3 odd j9ye) > )3 (iweipsil oo Jgu b olnl o (ele
Ol (siwas BISS 2939 )L duwslie oyl Cusl il dunlie (dllie
el Gl 53 il S ool s 50 ulpd L LY o0 00
ool iebe (aul bl sl einiol bl gl Olals
Jgine sl S0l 25l

VYN cdllie by ol

VEVENS tallie byl g

1- Ph.D. Student of Irrigation and Drainage, Department of Water Science and
Engineering, College of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran. Email: h.derakhshan@um.ac.ir

2- Assistant Professor, Department of Ecology, Institute of Science and High
Technology and Environmental Sciences, Graduate University of Advanced
Technology, Kerman, Iran. Email: a.mianabadi@kgut.ac.ir

3- Professor, Department of Water Science and Engineering, College of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. Email:
mosaedi@um.ac.ir

4- Professor, Department of Water Science and Engineering, College of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. Email:
k.davary@um.ac.ir

*- Corresponding Author

Dor: 20.1001.1.17352347.1402.19.3.1.0

(G5gUS oSl ol utine g pole 09,5 (ESR5 g )ll (65> gty -
byl e g, olKaiils

9 Wbyl G985 g pole oKy ¢ dane pole 0uSingly «(555ST 09y bkl ¥
'O‘ﬂl ‘Ol”){ ‘A.BW L5)9h-é 9 (o JL& EMuas o Kiisly su_‘agu l’?l"

‘Ol)ﬂ‘ RNV Lr.;p)é olRuisly ‘d})sm 01l xg,j (ewAe 9 (:51.: 05; bl =Y
(Ol e (g5 ol ((gjygliS 028l ol (punizen g pole 095 ol —F
Jgmo ok =

ool p LIV Y il (LL b dlde ol )90 5> (Discussion) o )bl 5 ¢y

This work is licensed under a Creative Commons Attribution 4.0 International License

)



S sl (slino 4 (Y 539581 50 By >y iy (Vs (Lo
plad cpl sl 39350 molie 5l okl (slie y 0k5 lrgngo jl 558
lseb] & 65 &) wand rb Lo ¥ bty byl &b
W daless e ey Yk e gl 45 olas 205 ol
33 o)l ($Ysbo e (gl (8L plod 4 (2Ll psrie ggerme )
5 b @l 05> ;0 ol o LLL P! (Keeble, 1988)
o)|9 U"l [P ol dily J){)K o) u‘)9>9a LS)JAJW) g«d)b
odd 03y )5 4 g Cato 3 (bl ly e 08 gl 5
Ced )b oS S e S Sl ogx i parde 2 2L ol
Waggener, ) s,)ls cd¥s dei JSiie Hlod sl 1> wg Ag
355 390 525 (lo 5 NS Canivo )3 psde g (1977
o8 sl o (Rudestam and Langridge, 2014) s 5 ,l,8
einiel Blas oS 5 lp ol Glsis 4 bL parie pluy
S90 g M b 4 ejnicl Copde oje 3 gl
S s i 43 45 €l ar porde 85 )5 eslisd
sS4 (SIS Gas yS1s) o pjil Sl 5 O
a9l 48 293 Juolo (lisabol 5 30,5 Jilio e yeji] cdl oS
2 b anlygs 8 obbe s iej il pless Stesil
Alley and ) cul 48,3 )18 (si> a5 3y90 dLiiS aad Ly b

J(Leake, 2004; Maimone, 2004; Sophocleous, 1997

doddo —)

odlon 5 o GBS 9 @Yl ) Jleal gy S
ol (b da g LB Joo5 g i o poj il S e b b
U556 o) 48 el Jlo 15 o) el onlite 5 sl & i
b byl p 5508 1> )3 ol ptiie sl B)I55 9 ©Vle
2 st e & 95 el dalite olnl 3 (el Cope
b j9ye bgua joka ()15 g CYle 095 93 2 Biiod
A3550les ol oads 00y ioled V ISS )3 Gaiod oyl plosil il 8
2 ol o OYlRe pgd iy 40wl dgpuiie S ) jo &S
ot sei gl el Sl e b blgyl ) eS8 S
P e b b je a3 Sug) paw iS5 (e el 003
U0y o 03> prsgi g )] uep; sl 5l il
O Slr gl 5 maplie cpl JolSS (S yow o0y 4 )k
o (osl) oty i > e 455y sy Sl
el Co o olSoly 5 ol 043 0l)) ST 558 patlia ] caailo
oxd Judoo 1 5 alal g atmg ol ol ) saep; o

ol o )| i i 30 55 led (A pes

bl ol pslite 95 0ol gy Ll sk gyl 5 bl a0lS

Section 2: Review of the articles published in Iran (in Farsi) about determining the maximum
withdrawal from groundwater resources

Section 3: A
groundwater resources

ing the approaches available for determining the maximum withdrawal from

Subsection 3-1: Safe Yield Approach

Pristine Developed Groundwater System:
Groundwater ===  Increased withdrawal from
S:\'&ICIU g\'Ollll(l\\ ater resources b\ (‘)mmr;

and wells

> Considering the short-term socio-economic benefits

Subsection 3-2: Mining Yield Approach

Depleted Groundwater System:

without considering undesirable result

Subsection 3-3: Sustainable Yield Approach e

Considering the long-term socio-economic
benefits: Moving towards groundwater N
sustainability

groundwater

Section 4: Reviewing the historical evolution of the concepts for determining the maximum extraction of

groundwater research and management in this area.

Section 5 (Metanalysis): Classifying the concepts provided in Section 3 and determining the situation of Iran's

Section 6 (summary): Paying attention to the most important experiences of other countries and emphasizing the
need for change in the groundwater management approaches in Iran.

Fig. 1- The process of conducting research
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Fig. 2- Safe yield analyzed (Domenico, 1972)
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Fig. 3- Comparing a) Pristine GW System by b) Safe Yield and c)Mining Yield Approaches (adapted from
(Ponce, 2007))
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Fig. 4- Long-term benefits of GW pumping vs. GW pumping scenarios (adapted fromMcCartney et al.
(2000))
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Table 1- Definitions and Concepts of Aquifer Yield (Persian columns are redundant of English columns)
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groundwater development and preservation is determined by
both scientific characteristics of the aquifers and socio-
economic factors.
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The concept of sustained yield is subdivided into the
following three terms: 1- Maximum sustained yield is the
maximum rate at which water can be withdrawn perennially
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Scope of Area The Concept Defined Terms Similar Terms

GW Management Focuses
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Fig. 6- Classification of the terms on Groundwater (GW) Yield (1- Focus of the Articles published in Iran &
2-State of the GW Management in Iran)
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Fig. 7- Relation between influenced head loss and groundwater level for multiple wells (Walton, 1970)
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