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Abstract

In the recent decade, the occurrence of regional dust storm
which is partly originated from drying Mesopotamia Wetlands
(especially Hawizeh Wetland) had significantly increased in
west of Iran and caused a lot of problems in impacted areas.
Dust storm is a cross-border phenomenon so an international
solution is required to assess and control it. The aim of this
study is to evaluate the use of cooperative (partial bankruptcy)
and non-cooperative (Nash method) game theory in allocating
Hawizeh Wetland environmental water right in different water
allocation scenarios for Iran, Irag and Turkey. The results
indicated that the best option to encourage Turkey:to release
more water from the Tigris to provide environmental water
rights of Hawizeh Wetland is Iran-Iraq coalition to reach an
integrated political and economic agreement with Turkey. By
comparing cooperative and non-cooperative methods, it was
revealed that the non-cooperative -method allocates larger
shares of water to Iran compared to cooperative method. The
proposed method of this paper can be used to evaluate supply
of environmental water rights for trans-boundary waters.
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scenario
S1 Sz S3 S4 Ss Se Sz Sg
Relative Turkey (c;) 1 2 1 1 2 1 2 0.39
strength of Iraq(c;) 1 1 2 1 2 2 1 0.44
|
players Iran (cs) 1 1 1 2 1 2 2 0.17
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Table 3- New values for minimum player

desirability (BCM)
(BCM) oSG 3L cgllas JBlas wse polie - Jouo
100 % 73%
d, 15.8 11.534
d, 34.95 25.513
ds 7.94 5.795
Balance point No balance balance point

oy oms @)28 5 GLSG5L Wi clacwglhe Jols Jlasl L
RmasSs O])’,,o qj J> 9 (O) dhg\) 5 Sg 'Sy L;Lm%)l.:.w CoS
ol ol sy ¥ Jgto Gillas 505k o 4 dle

(AP) s by s runds (Sl yg (39816 ~F-Y-Y-¥

sl parass ke S (V) dally b bl gy ol ool

v; = Max O,E—ZD]- (\Y)
I

Xy =v;+(D;— Ui)(Z(Di -7t <E - ZUI> (\Y)
jEN JEN

2 obede dan 5L Il 38 & algl Lavass glp AP s, 5o
9 390 0 031> Lol i 3,5 4 asileidly g 3¢ o0 039l T 3,8
e g duolore bie 0bileudly Hlade b g wiled (Bl (gjun wouli>
oS Sy gy ol & bl 4l 095 e 03l Lanass T3, 4 yhe
9355 0y 1) Bale ple ol T cde 4yl jauass
S i et JBhsaadsl janasd @ ams o gl 4 1) codyl
o gy b dlie oy fleslitul b a4 gl (awasd b e
bl 1l adsl Ganass 1 (39 cul )3 2950 anslre
o @it 0312 SLOB (5o g0 o sl okilo B S
ool g oo 485 Hlai 5 w5 gt 4 Jols das 9358
goame Jodoisd yo 4 4l parass o IS oo (V) ala,

(Mirshafee, 2015) >4 salgs 456 5 adgl amass

(RA) (sl 59,9 9B -Y-Y-Y-¥

9 39S grhe plede Sl pMel iy g Cug 9Bl
gy ol 9 5yl o 8l 1) 055 canled > plad Cugi 4y (B les
2 gy ol 50 S o o sl 05 plod (£39550 45T olKin
By e OBl | ehn cul (See (935290 pladl dlaxd
sl Busls couy iy d\).g & l?o] Shasl awsls
alS WYole Lauass dlp bl hgy cpl @)b 229 (Jolite
Gl g 35S (o a3 3 1) (Bl sl See Sl
AS g0 oMl (anass jelate 4 (5L, (pSSke I (V) Ay L
(O’Neill, 1982)
1 .
RAi(D, E) = FZ Min {Di' MAX {O,E
mell (V¥)
- > oy
jemli]

1l g o5 oyl 5 Sl e csan & 2 sy
W5 3 4S5 GVl Cusdge o drgi b oS oy )l 4y 365
GBag) Ol 5l 3le 5 48 5 4 tngllao Jolo i 5 aled 3]
Lol el Ko e (oL SO (g5l JSE i jlulgs dls

YAV il oY 2 )lowd (o, Jo ¢yl 1] O gilio wiliyliss
Volume 14, No. 2, Summer 2018 (IR-WRR)



Table 4- Optimal values for players in different scenarios (BCM)
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Optimal values

(f,) Turkey (f,) Iraq (f3) Iran
S 12.946 26.926 7.208
S 13.652" 26.573 6.855
2 Ss 12.593 27.632" 6.854
= S 12.593 26.573 7.914"
S Ss 13.229 27.208 6.643
@ Ss 12.381 27.208 7.491
S 13.229 26.361 7.490
Se 13.176 27.395 6.509
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Table 5- Minimum initial desirability of players in
the Nash model (%0)

e 53 U 5L adgl Casgliae JBlas (ool suo )3 -0 Jgas

Scenarios Turkey Irag Iran
S1 81.939 77.041 90.790
S2 86.406" 76.031 86.347
Ss 79.703 79.063" 86.340
Sa 79.704 76.030 99.689"
Ss 83.727 77.849 83.647
Se 78.361 77.849 94.352
S7 83.727 75.425 94.348
Ss 83.391 78.385 81.984
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*Maximum value of the minimum initial desirability of players in
different scenarios
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Table 6- Allocated water to each player (BCM)
O3l 2 & 4Bl pawass Of gz Gliae =5 Sy

(BCM)
PRO AP RA
Turkey 12.67 11.48 11.31
Irag 28.04 30.61 30.47
Iran 6.37 4.99 5.37
Sum 47.08 47.08 47.08

Table 7- Supplied water to the minimum
desirability of each player (%)

OS3U 52 5L JBlas 5l ouwd el oy Y Joua

PRO AP RA

Turkev 80 73.0 715

Iraq 80 87.6 87.2

Iran 80 63.0 66.8
S g5 dous ¥

pie g ylSen Jl lacdls (gu)p lp cul (W B
et dlis el oz 455 5 Gle lnl )l
3 ot L xS ole lp dles g 483 wloag, 93 jlofaselljgn
3 e s 15 US> sl ol pl 4 03y sbo3 S5
s (KaSilyg ey 9 4)Sen pE slagsil dcgerre
B3 odlil )50 mgdy cpl > dllSen lagsil asgerme
o SO L ol i SHST Jo b9y )3 85
W Olie S8 U S1 gl o 535 ol (olie
duslie SHuSG b g Bl ¥ Jodo 3 oS ya 0l 03l yolaid]
L wleny slye o olpl )51 Se gyl o a8 ob ol gl L00)8
OBl wges plgis ) e glaadx K5 e
Pl ppcws (55 =3l 5 455 —olul om )b ©Yoka

YAV il oY 2 )lowd (o, Jo ¢yl 1] O gilio wiliyliss
Volume 14, No. 2, Summer 2018 (IR-WRR)



Nations Economic and Social Commission for
Western Asia, Beirut, Lebanon, 127p

Madani K, Hipel KW (2007) Strategic insights into the
Jordan River conflict. World Environmental and
Water Resources Congress Tampa, Florida, USA,
May 15-19, 1-10

Mianabadi H, Mostert E, Zarghami M, Giesen NVD
(2014) A new bankruptcy method for conflict
resolution in water resources allocation. Journal of
Environmental Management 144:152-159

Mianabadi H, Mostert E, Pande S, Giesen NVD (2015)
Weighted bankruptcy rules and transboundary water
resources allocation. Water Resources Management
29(7):2303-23021

Mirshafee S, Ansari H, Mianabadi H (2015) Bankruptcy
methods in transboundary rivers allocation problems
case study: (Atrak river). Iranian Journal of Irrigation
and Drainage 9:594-604 (In Persian)

O’Neill B (1982) A problem of rights arbitration from
the Talmud. Mathematical Social Sciences 2:345-
371

Papoli M, Vossughi F (2011) A look at Iran water
diplomacy hydrogeopolitic. Papoli Pub Co,
Mashhad, Iran, p224 (In Persian)

Rekacewicz P (2002) From wetlands to dry lands: the
destruction of the Mesopotamian marshlands.
Collection Vital Water Graphics, UNEP/GRID-
Arendal, 168 tags

Taheri A (2014) The study of political aspects of dust
phenomenon in the south-west™ Asia. Tarbiat
Modares University, Tehran, p92 (In Persian)

UNEP H (2001) The mesopotamian marshlands: demise
of an ecosystem. Division ‘of Early Warning and
Assessment, United Nations Environment Program
(UNEP) Nairobi, Kenya, 46p

Zarezadeh M, Madani K, Morid S (2013) Resolving
conflicts over  trans-boundary rivers using
bankruptcy methods. Hydrology and Earth System
Sciences Discussions 10(11):13855-13887

Zarezadeh M, Madani K, Morid S, Fatemi F (2016) The
strategic cooperation between Iran and Afghanistan
in Helmand basin to allocate more water to
environment and control opium cultivation using
game theory approach. Iran-Water Resources
Research 12(3):12-21 (In Persian)

Zibanchi MH, Naseri A, Haghighifard N, Bina M (2009)
Descriptions balance model qualitatively and
quantitatively in determines wetlands water rights.
In: 3rd Conference of Environmental Engineering, 7-
8 Oct, Tehran, Iran (In Persian)

5- Constrained Equal Loss
6- Tharthar Lake

7- Bankruptcy Models

8- Talmud

9- Pinile

10- Random Arrival

11- Sequential Sharing Rules

&le -~

Altinbilek HD (1997) Water and land resources
development in southeastern Turkey. International
Journal of Water Resources Development 13:311-32

Asgharpour M (2014) Group decision making and game
theory in operation research. University of Tehran
Press, Tehran, Iran, p418 (In Persian)

Banihabib M, Najafi S, Tabari MM (2016) Assessment
factor creation of dust in-west and south Iran with
focusing on-the drying reasons hoor alazim and
offering solutions. for restore it, 6th National
Conference on Water Resources Management. 20-22
Apr, Sanandaj, Iran'1-8 (In Persian)

Bayazit M, Avci | (1997) Water resources of Turkey:
potential, planning, development and management.
International  Journal of Water Resources
Development 13:443-52

Beaumont P (1998) Restructuring of water usage in the
Tigris-Euphrates basin: the impact of modern water
management policies. Middle Eastern Natural
Environment 103:168-186

Behan Dam Consulting Engineers (2012) Report of
surface water of Karkhe Watershed. Ministry of
Energy-Water and Waste Water Planning Office,
Tehran, Iran, 315p (In Persian)

Degefu DM, He W, Yuan L, Zhao JH (2016) Water
allocation in transboundary river basins under water
scarcity: a cooperative bargaining approach. Water
Resources Management 30(12):4451-4466

Department of Geographic Information Systems, Central
Statistics Organization (2011) Iragq agricultural
statistical  atlas roadmap  for  agricultural
development. Ministry of Planning, Baghdad, Iraq,
211p

Irag Nature (2008) Management plan for the Al-
Hawizeh Marsh Ramsar site of Iraq. Second Draft,
Volume 2: Management Issues and
Recommendation, Sulaimani, Iraq

Kucukmehmetoglu M, Guldmen J (2004) International
water resources allocation and conflicts: the case of
the Euphrates and Tigris. Environment and Planning
36(5):783-801

Kumpel HJ, Khalaf R (2013) Inventory of shared water
resource in western Asia: Tigris river basin. United

IFAY bl o 0 lowd o2, le JUo oyl ol S @olio ol
Volume 14, No. 2, Summer 2018 (IR-WRR)



