TN I e
oo Olras puilige

a1 Jle A ele (AL 093

8 35 0 30 b G ) 53 ) O @ilio 415150 o o (i s o
L4 590 A%l (5 jlwding) i3 3 03l b (S jlamo O jlus>

»:;:-vu;:‘:ts ol c\ob‘}bw :}|.>

OlLg J&sls Ol jos pwdige s AL (6 ;S5 (6 soedils -
oot S S NSHE euT CLA g NLGHE 4)%)[5”:1 -y

h.ketabchi@modares.ac.ir®

VY i b s [Qo/+V/ro] il s &6

sded e ol 31l e a3l el ol Bl (I Sistanss 5 St bl 53 035 4 Ol (sl Lol ) (glaans 5o
035l el (§355LES 5 s v e 1 iz (sla i 3 Silas (sl O el s e Sl e s o e ol
o Ly 6 b0l e e laee gladaly 5 esls 558l GLLAC’,.:‘J!A.L.: 35l glaslis ( pwes s ;.j Gtﬁj‘_\;—)‘v&fa}m\
Caa U e qcujn Ol e e Ol (L Ken Ko oy 8l SLer (630 a4k Jue K3t andllas ol 5o ol ol
s g IS alts O s (sl andllan ol 53 0 eslined Je .l ol a3lital Olaiud 3 5m 5 st 3o o jlust axlllas
~ Sl i o 5 h Sl el eols a5 S5 aoAs Glasete 5 G50LAS () B (oLl ELs
N S sn 0 fnS 55 03 OLSGl 6 0l oalisl bz ) g amelr (Slotigr (o S eaddllas s Sdlanin &) 50 4 $Sloang:
=l 5l Ol e (555 Olszal a5 edis S8 5 as 0 slacils p 4,8 oS s e 0L 2l Al e a3 1 553 5 Sl
O gl 5 o oy 55 (ol S8 i 581 (S5 M A o 3518 o 3 ilas S 5135 01l O oy gloms 3 85 i 50
5> Olaind Ol ie (lSen 5 Ol LSCa5 Il 3 oS das oo 0L aalllan sl sl ol ] i Sams et 0

3k Al sl Sladaly (($3lutings — (loand whan 5 s s ol o e i SOMST OB 59

J)ULgLa)Liéoj}Jol.w\Wjdj)juchfid..l.q.>.- doddo — )
M)Méuukﬁagﬂ\j—é\@uw\x°w ¢b}M}§W@T@UA}\é@AJﬂ)’ ;.jct,a
Ay el gladle sl el g s L0l Sl e sl i 53 eslind 5l Ol el vge mibis Sl

205


mailto:h.ketabchi@modares.ac.ir*

Lg'u.bs Lol 9 e)b‘:w J}l)

S a3l ety SB[t 53 s sed el o5 ]
ol eslanal hst (65546l aile SIS (g luang
s sla s, 31[22 5] el e aile Slalllas 5 sine
o St Sl (gl K5 s e L2013
RS HPLINES
Sl oben la b @k 5,055 andllas 0l s
4 SIS als wsed G e ol e o ke
dnalr g (Slmaag DIl Sl eomes Ll oS
Sl Ll 4k walie JUS 5o 5L sl sl Tlaar 50
3 B s e Al wip lacl L
Sl e 51K a5 b olKen (K585 L
aslial nnd i O b onlin Sy e s 4 S IS0
iy 3 i aate eslial OLSGl ol ol l sl
5Bl 5l 6 S a0 pnS @ it 5 Sl
Al e alllae cpl Sl ool i bl o qal 315 5 53
5,8 51,3 0l piee Sl s dde L1l G Ol 4
Aoled 3Ll 1 st 5 conlis Slanenas Ll 52 ol SaS

adlan gy -¥

SO IS s oleang —oleans e sl
i 3 eslizad andllas ol Lol sla S [6] ool s
Jde Oas sdbnn (gl baar ) 50 anal ate g (Goleangs
9558 9 B @ly")'\ SF a3 o S a5 O3ls sy 8
S0 g Sl Lk 4 ealin Sl eslinal pieas
STl e 3 Ll a5l 5 LasulSen ([S580
RGN W INE

e 2 L asdlae b s eds eslanal (g5luangs S5l
sl sl 553 08,8 a5 b (gileand asli
oo L ahes slas S o8 alies Ga ol Ol
Ll o Ol A o a5 1w Ol Culg 5s oyls
Ol ada Sl Lasl a4 bss e sla o s
o=l Pl Sl aalsl js a5l rl?r_;‘ [EYE), A pp-SiRu Y

Dyt o e K

3 Continuous ant colony optimization

206

Lol (ol 4 e (galal anv 5 5 Comer 03330555
Ly L@JTQﬂMJW‘@UJ}M@UA o=l Gl
Sl b ol esdle il 03 S axlse gl LISl
s i g o e Ol A b g L S S
a,\_.;;.jcu Copde 3 (Sdoes LA Esl (liny
[2,1] <l
sla Joly byl 5 Jdow ol e slas g5
Cuj\pj\uiﬁ_{azu:_.dlqﬁxujgjjzsdlﬁ&d;
S 313 3y (i T mloe o 5D S
oS0l 3l L S ol laobesla 5 Laslg sl 3,505,
SIS T e L bl e 55 08 S G a5
D88 Lo ol 51 Lys S i mlie Bde e
—op o sl A i S LS L ladlas
st ool S ke b Sl ealinal s (55 Ken oSl
G0 i, 5l S b slagsl 4 ks [3] el
el S i GL;A Sheslatal ey 53 Slidle > sl 2
S 3505 s Ol o 01 KaS w0 oS ol (g5l el oy
O e ey S Sen 258 (6513 OSGal ¢ o 53 LT
Gl esoSen LSl 5o 53 5 2510 2y il
SSKen pde b 4 Cond O (UL s 5 S
S S Sealal b ramad g Aal ot g0 4 4
Alse arass an Ol oo e ol cnl g sl
[4.1] csls  calases Olyls e, o ($oSen 1 Lol
ey 53 o planl Slalllas 5l glaads (V) Jsdr o
i s et Sl OF mlie i 53 s (g3bay i 5 eslinal
el o ds atls 5y ol anlllas adbaie 35 5 L 5 56 Cildal
Shesliul &S s o 0Li 4 S &y s Sldlas 4 WK
2 =i Gl o= 3 Lagssloan b 5,50,
=l e Gl ool w5 Lol old (Sl Slalllae
o Sl 38 ol 5 Ol e oS ke 5 5 g
ol il Sy e (6 A oSl sl (S Ss
oS AR s s 5 Lo Lm0 SIS 3 (b

03 b, oIk 5 )] 35500 mamen 5 b g Sen

1 Common-pool resource
2 Cooperation



\vq-\JLﬂ/.\é)w/V-ﬁw{)‘jﬁ

roe Oles (pdige (Das5 = gelo ale

g_JT@t&J«ﬁq)b a5l sk 5 gy 5 eslanad a5 0l el Slalllas  glaoM ) g

References

Obijective

Application

Rogers [7]

Application of game theory approach to investigate a range of
strategies for cooperation between the two riparian nations

Ganges River,
Pakistan and India

Heaney and Dickinson [8]

Application of cooperative N-person game theory for cost
allocation in the water resources field

Lejano and Davos [9]

Cooperative N -person game theory for cost allocations and the
normalized nucleolus application to a water reuse project

Southern California,
USA

Wu and Whittington [10]

Application of cooperative game theory concepts (core nucleolus,
and Shapley value) to Nile water conflicts

Nile Basin, Egypt

Loaiciga [11]

Application of cooperative and non-cooperation game to achieve
more profits from using groundwater resources in a coastal area

Yang etal. [12]

Development of two-person game-theory based model for water
resources management in the trans-boundary regions

Guanting reservoir
basin, China

Niksokhan et al. [13]

Application of cooperative game and Shapley value to reallocate
the market benefits and establish a sustainable market

Zarjub River, Iran

Sadegh te al. [14]

Development of a new methodology based on crisp and fuzzy

Shapley games for optimal allocation of inter-basin water resources

Karun River and
southern Rafsanjan
plains, Iran

Madani [15]

Application of game theory for water
resources management and conflict resolution

Mahjouri and Ardestani [16]

Development of cooperative and noncooperative
methodologies for a large-scale water allocation problem

Karun and Dez river,
Iran

Madani and Dinar [17]

Application of various types of non-cooperative institutions for
manage common pool resources

Madani and Dinar [18]

Application of several commonly cooperative game theoretic
solution concepts for sustainable common pool resource
management

Abed-Elmdoust and Kerachian
[19]

Application of fuzzy cooperative game to model equitable and
efficient water allocation among water users

Sooleghan River,
sooleghan Reservoir,
Iran

Esteban and Dinar [3]

Using cooperative game theory model for achieve a better
management of groundwater in the presence of environmental
externalities

Eastern la Mancha
aquifers in Spain

Jafarzadegan et al. [20]

Using a new solution concept, fuzzy variable least core solution,
for water and benefit allocation to water users considering the
uncertainties

Karun River and
Rafsanjan basin, Iran

Jafarzadegan et al. [21]

Cooperative game application to determine the final water
allocation policies and reallocate the total benefit to stakeholders

Karun River and
Rafsanjan plain, Iran

Parsapour-Moghaddam et al.

(5]

Presentation of a methodology based on evolutionary game theory
for simultaneously determining both continuous conjunctive
surface and groundwater use policies

Rafsanjan plain, Iran

Malekpour et al. [22]

Evolutionary game theory and genetic algorithm to create a model
of river quality management

Sobuhi and Mojarad [23]

Application of conflict resolution methods for groundwater
resources management

Atrak basin, Iran

Salehi et al. [24]

Application of four conflicts resolution methods for determined
optimum amount of groundwater extraction

Taybad plain, Iran

Poursiyahi and Kerachian [25]

Cooperative game theory application for water allocation in
common rivers

Karun River, Iran

Danesh-Yazdi et al. [1]

Game theory approach application to allocate the water resources
among riparian parties regarding principles of equity, efficiency
and sustainability.

Urmia Lake, Iran

Zarezadeh et al. [26]

Assessment on a new approach in the water-related interactions
between Iran and Afghanistan using the sequential and issue
linkage methods of game theory

Hirmand basin, Iran
and Afghanistan

Safari et al. [27]

The concept of cooperative game and Shapley value is utilized for
reallocate the market benefits

Balkhaly-chay basin,
Iran

Table 1. Summary of some studies of game theory approach in water resources field

20/



ﬁlzs Lol 9 e)b‘:w J}l)

Laer go Comazr 313 POP ¢ 555 Jlme Glomil w0 (3 ST 3 ol i 0 e Xpest b w38 wb T sibosiag = 3l e slxle N IS

{u_").m@U)lmiﬂf«fopt}ggﬂfwiﬁihwﬁxopt ;glftg\ﬁdhcu)\_xbfi ‘(%"}?)(’.i A%)}A.Lﬂjméjsﬁmﬂ:_ﬂXl

Groundwater resources
cooperative management

Cooperative game Optimization component
- Required constraints | | L )
: e Decisions on the
- Modified objective objective functions
function based on the | and constraints
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- Economical and Optimization
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Algorithm

Update
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Simulation component
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.

Sewwe

.

Solution construction,
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Set parameters
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Specify possible ranges of decision
variables, Determine the stopping criteria The normal distribution function
Pourtakdoust and Nobahari [28]
3 Afshar etal. [29]
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(X=Xpes)?
1 e__zssu_
20Vm

Solution construction using pheromone
information:

Evaluate the population
Choose the best solution among Pop ants
Elitist strategy implementation

Pourtakdoust and Nobahari [28]
Afshar et al. [29]

'
¥
'
'
'
'
'
'
'
'
'
1 The weighted standard deviation
'
'
'
'
'
'
'
'
'

[ 1 2
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The calculation of pheromone amount: =
i 1 ] . Pop 1
Update pheromone information : peibe =t
S \ i~ Topt

Not satisfied

Analytical
Hydro-Economic Model

v

Output the simulation
results

Game theory analysis

Optimal solution

criteria

Satisfied

| Best solution

Shapley value allocations, Core conditions
and Stability of cooperation

Fig. 1. Simulation - Optimization Model Framework {t(x) is the normal distribution function, xy.; is the best solution in
the previous generation, o is the weighted standard deviation, Pop is the number of ants, x; is the decision variable selected
by ant i solution, f; is the objective function value for solution, x, is the best decision variable, and f, is the best objective
function value}
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aquifers ND, CD, and SD (Adapted and modified from [3])
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Parameters Description Value Unit
Co Fixed pumping cost 340 €/ha
C, Cost of pumping coefficient 0.0025 €/m°m
a Return flow coefficient 0.2 -
r Social discount rate 0.05 -
B Value of water for ecosystems 50000 €/m
Wi, Wy, W3 Water requirements of crop types 7415, 6259, 2705 m*/ha
by, by, bs Crop revenue of crop types 1300, 2500, 544 €/ha
Water table natural level above sea level
ND CD SD
SL™P, SL*P, SL in ND, CD, and SD 670, 660, 680 m
Current water table elevation above sea level
ND CD SD
HO™, HO*", HO in ND, CD. and SD 640, 635, 650 m
Recharge without irrigation return flows 3
ND CD SD
R™ R*Y R in ND, CD. and SD 95, 150, 75 Mm
Area of the aquifer times storativity 38.08, 115.60, 2
ND CD SD
ASTT,ASTLAS in ND, CD, and SD 50.84 km
Volume of the sub-aquifer 3
ND CD SD
VP VeER Y in ND, CD. and SD 1700, 5000, 2600 hm
Extraction externality weights
ND CD SD
o', 0", o for ND, CD, and SD 0.177,0.072, 0.031 -
ARNP ARSP ARSP  Total surface area available for each crop in 57000, 67000, ha
(i=1.23) sub-aquifers ND, CD, and SD 15000
The length of boundary between two
Wap.co, Wep.sp adjacent sub-aquifers 90, 60 km
Transmissivity between two adjacent 2
Tnp.cp: Tepsp sub-aquifers 5475, 5475 m°/year
The average distance between the centers of
Lnp.cp: Leps two adjacent sub-aquifers 10,35 km
T Planning horizon 10 year

Table 2. Input parameters for the model
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Scenario 1 Scenario 2
Aquifer  Cooperation
E D E D
ND X X X \/
CD Statusquo  x x x \
SD x x x N
ND+CD Partial V ) v v
SD+CD cooperation N N N N
ND+CD Full
+SD cooperation v ) v v

E: Extraction damage

D: Environmental damage

x: Not considered

\: Considered

Table 3. Scenarios based on the type of cooperation
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Fig. 3. Comparison of the net benefit of farmers in three
sub-aquifers for two scenarios, without internalization of
environmental externalities (solid lines) and with
internalization of environmental externalities (dashed
lines)
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Fig. 7. Total net benefit of farmers for partial and full
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Fig. 9. Total environmental damage values for partial
and full coalitions when environmental externalities
are internalized (Scenario 2)
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Shapely value, million Euro (Percent of portion)

Scenario 1 Scenario 2
Subject Sub aquifer \]{alue of water Value of water for ecosystem
or ecosystem
50000 (€/m) 50000 (€/m) 25000 (€/m) 100000 (€/m)
ND 206.80 (13.99) 206.70 (14.04)  212.75(14.22)  194.66 (13.65)
CD 921.83 (62.58) 921.06 (62.56) 930.60 (62.18)  902.83 (63.31)
Net benefit SD 345.101(23.43) 344.521(23.40) 353.231(23.60) 328.641(23.04)
(1): In the core 1 1 1 1
0 0 0 0
ND 15.54 (26.31) 12.20 (25.91) 6.18 (26.12) 23.91 (25.59)
CD 16.97 (35.69) 18.39 (39.07) 9.22 (38.95) 36.67 (39.25)
Environmental SD 18.07 (38.00) 16.49 (35.02) 8.27 (34.93) 32.85 (35.16)
Damage 1 1 1 1
(2): In the core 0 0 0 0
1 1 1 1

Table 4. Shapley value allocations and core conditions

216



\Y‘\-\Jb/-\e)w/r.hwa_)jé

oot Ol e wdige Sash — ele de

= ik ol 03 rames 5 AL e e
adlate ot ST (6l OF ami Jg das e 0L 1581
35005 5l b e 3 2l i a8 S35 035 e
o eld Ol 6uﬁ_w Lo)d romed 350 0 Jol>
ST Sl L aS el e ol s S () s
SD 5 ND ladlssul s 3 olon Julas (s 55|
CD 0yl 3 slm oy ol oSo 5 b o 28
Sl L s e slaee Sl g 550 0 dle>Dl
~— CD ,ND SLadl sl 15 53 i ST ST 35
Ml slme das e 55 8D s 0T S 350
(0) Jsdr 53 5 5y 50 la sl bl o (g )LSn
WS coul ol Slo 5855 polie .ol ol diulows
O N S P I RHEEPE ST RPN
52 050 aes 45 L Slels okl 4 e e OLES
S 5 s ol (sl 2 53 LB anBls IS ann
Al s gl ol sdalie LB (0) Jpdr 5l 42

3032 A YO (a5 Ol il &S Al s ol
WP TR R | K W P W e S S COURP = OGO
lodsaly 5,5 B 5o Ll 5ol e (o
el ol e ST T 250 5SS b s lame

NG|

:HHJJ_’JJ?,.ALSI{’L“Q_Yj\ e g sln el
o aBl e sl GOl a5 Ll
el e gladsly 8,8 s L 0Lk
320 3 s ST 55 il sl (6l S an s
S A s K wlge 5 AU s a8 das e 0L Y
o Sl Sl S il sy e Ve e ST 5
53 35 palie el (550058 00 s ST 250D 35 o
Sl alS do s 7 5 VA WA s g an Sl
oz s s LS 15, SD 5 CD ND (glaol sl 5
g a8 a0 55 555058 YO e ST 2551 4 Ol
Ol,sliS l s Ao y3 Y70 5 V/0 YA 5 5 4 3 gm il
Jeds 4 48 el e 5,51, SD 5 CD D ol gl s
e (8) Jodr 53 ol i ST 0N e S RS
Sl olSKan 31 b s s o)l als
il 03 teoes SD 5 CD ND 0l sl 3 0l5,5LS
Sl s 4 sl ol 2alS lde Ol
534S 3 5ad ki 015 o 058 L3l e 5 2l o i
a5 8 53 gyplpa Vr e ST OT 508 A
o5l A Y0 B8 L s e i w2l 2eS el
355 b ol ol ok Jole o i s 31 o i
e sS1 O 51 Rl L 015l el 35 oS

Lo an ol Olse >)ﬂf. K PRES

Loehman stability index

Subject Scenario 1 Scenario 2
Sub aquifer Value of water
P Value of water for ecosystem
or ecosystem
50000 (€/m) 50000(€/m) 25000(€/m) 100000 (€/m)
ND 0.13 0.13 0.12 0.14
CD 0.87 0.87 0.88 0.86
Net benefit SD ~ ~ ~ ~
Stability 1.04 1.05 1.07 1.03
Index
ND 0.20 0.21 0.23 0.19
Environmental cD 3 3 3 )
Damage SD 0.80 0.79 0.77 0.81
Stability 0.86 0.81 0.77 0.87
Index

Table 5. Estimation of cooperation stability
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Abstract:

In the recent decades, water demand has been increased specially in arid and semi-arid areas, led to the over-
exploitation of water resources. Groundwater resources are important sources of water supply for domestic,
industrial and agricultural consumption. Nowadays, over-exploitation from groundwater resources has
increased the pressure on these sources which causes the major environmental damages. Groundwater over-
exploitation and the resulting decline in water level and quality have limited agricultural activities in many
parts of the world. The literature suggests enforcement of cooperative management for sustainable
groundwater management. The cooperative management can be achieved a better management of
groundwater in the presence of environmental externalities. Actually, cooperation allows users to internalize
the damages due to their activities. A game theoretical framework can be applied to assess the value of
cooperation in an over-exploited aquifer. In this study, a cooperative game theory model is used to
investigate how the cooperation of groundwater resources consumers influences the environmental damage
and the benefit of stakeholders. The used model in the present study is developed for investigation of an
optimal control problem including the variables of economic, environmental, agronomic, and hydrologic
issues. Ant colony optimization method is used to flexible define and solve the simulation-optimization
problem which provides an ability to consider an extensive range of objectives and constraints. The results
show that how uncontrolled pumping and over-exploitation in each aquifer affect on the stakeholders of the
adjacent aquifers. Furthermore, the impacts on aquatic ecosystems are analyzed and presented as
environmental damages. The allocations of the full cooperation payoff among the farmers are calculated with
and without the environmental externalities. In status quo scenario, farmers do not internalize the effect of
their activity on the ecosystem that is linked to the aquifer. Also, neither of the environmental and extraction
externalities are internalized and each sub-aquifer acts separately. In partial cooperation and full cooperation,
the extraction externality is taken into account but the environmental externality is ignored by all coalitions.
The results suggest that full cooperation achieves the highest aggregate level of net benefit with the lowest
environmental damages (1472.77 and 47.54 million Euro respectively). Partial cooperation between regions
ND and CD also achieves levels of net benefit that is higher than in non-cooperation but lower than in full-
cooperation situations. The results presents for the case in which farmers internalize the environmental
externality in addition to internalize the extraction externality. The results with such internalization confirm
farmers’ net benefit increases in all simulations, compared with the case that environmental externalities are
not internalized (increases 1472.77 to 1473.01 million Euro). The results highlight the fact that when the
environmental damages are taken into account, cooperation produces better economic returns compared with
non-cooperation by two parameters, namely net benefit and ecosystem damages. Full cooperation achieves
the highest aggregate level of net benefit with the lowest aggregate environmental damages. Concequently,
the obtained results demonstrate that in different areas, environmental damages are reduced under the
coalition and effective cooperation condition among stakeholders and considering the environmental
externalities in comparison with status quo.

Keywords: Groundwater management, cooperative approach, simulation-optimization, environmental
externalities, game theory.
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