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Abstract

One of the challenges in water resources planning and
management is allocating water under scarcity, where
available resources are insufficient to meet demands. In such
cases, water allocation can be approached using bankruptcy
rules. However, applying these rules to complex water
resource systems requires addressing both the spatial
heterogeneity and temporal mismatch between water
availability and demands. In this study, optimal proportional
bankruptcy coefficients are obtained using NSGAII-
MODSIM multi-objective simulation-optimization model,
specifically developed for the Sirwan-Diyala transboundary
basin shared by Iran and Iraq. The model incorporates spatial
and temporal variability of water development plans through
the MODSIM decision-support system. Within the NSGA-II
multi-objective  optimization algorithm, the objective
functions are the maximization of each country’s self-utility
function. To evaluate the solutions, a stability index is
utilized, measuring the distance from each country’s best
allocation status. Results indicated that under the proposed
allocation scheme, Iraq would need to reduce its agricultural
water demand by 14%. Additionally, when temporal
reliability for meeting agricultural demands is included in the
objective functions, both countries must further reduce their
agricultural demands by 9% and 62% for Iran and Iraq,
respectively. The results also indicated that meeting the high
agricultural demand in Iraq leads to ecological
unsustainability on the Iraqi-side of the basin.

Keywords: Optimal Proportional Bankruptcy Rule,
Optimization-Simulation, NSGAII-MODSIM, Sirwan-Diyala
Transboundary River Basin.
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Table 2- Results of the MODSIM-NSGAII model for the “Baseline Scenario”

a3l §92,Uw (51 NSGAII-MODSIM Juo gbs Y Jgua

=
2 SEc, SEcyq " O Py Sthx  Stlyg
3 E+08 E+08
I 0.61 0.44 126 146 78 100 0.9 004
2 0.59 0.54 1.56 117 100 37 002  -025
3 0.60 0.43 1.45 1.43 95 100 -0.06  0.01
4 0.59 0.52 1.54 125 100 47 000  -0.17
5 0.60 0.49 1.52 133 100 62  -001 -0.10
6 0.60 0.44 1.50 1.39 100 86 -0.02  -0.03
7 0.60 0.51 1.52 130 100 57 001  -0.13
8 0.60 0.52 1.53 128 100 51 000 -0.15
9 0.60 0.43 1.49 142 99 97 003 0.0
10 0.61 0.43 1.40 1.43 o1 100 -0.09 0.0
1 0.60 0.53 1.56 119 100 39 002  -023
12 0.61 0.43 1.33 1.45 84 100 -0.15  0.02
13 0.60 0.48 1.51 135 100 70 -002  -0.07
14 0.60 0.47 1.50 136 100 74 002  -0.06
s 0.60 0.54 1.55 122 100 41 001  -021
16 0.61 0.43 1.28 146 80 99  -0.18  0.03
17 0.61 0.43 1.30 1.45 8 100 -0.16  0.03
18 0.61 0.43 1.35 144 86 100 -0.13 0.2
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160 ® Pareto Front + Stable Solution
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Fig. 3- Pareto front solutions of the MODSIM-NSGAII model for the “Baseline Scenario”

&b g1 lw > NSGAII-MODSIM Jio (955 55 ,b Sove Y JSU6

fi(y) = AgBeny; + Co (WS, XCSECI’rI‘) + (\¥) PLi i luob! cluds! g1 Luw -V-Y
1 X aII‘ e e . . “

f,(y) = AgBenq + Co (WSIq x oeb ks (V) 5 () lalg)) «al oo)lur Bun ply )

SEch) + C; X Tayg oS Jb >l odds a5 (o 550liS sl oo

g alize Joab )3 (65)sliS Sl (g piie & 4295 L

ol g el 958 53 13 (65,5l Jgad (Slojan (psimen

529l slols ol o (o iy ylinelsl Tay, o 55 o
59 O ) B0 o Gan g cgoplin ol o W cal Cuanl s 55 Lol

$ioliS calols ol Sloj (g i yliuedsl Totry eyl 5
9 O TR GBI T O loj s piveisobs] sl 515 Slokd 00l yuuis 1} 900

. . o D9 sy ol Ban lgi ) (55ysliS Lol (el

Table 3- Result of the MODSIM-NSGAII model for the “Temporal Reliability Consideration Scenario”
Pl S bk sl 592 U (51,9 MODSIM-NSGAI Juiw gl Y Jgus

=

(=}

E SEc;, SEcyq ;%); :;%); P Plg  Sthg  Stlg
1 0.61 0.55 2.98 2.74 80 40 016 020
2 0.61 0.54 3.09 271 91 39 -0.06  -0.22
3 0.61 0.54 3.00 273 82 40 -0.14  -020
4 0.61 0.54 3.02 273 84 40 012 -021
5 0.60 0.55 311 271 o4 38 =003 -023
6 0.61 0.54 3.03 2.7 85 40 -0.11  -021
7 0.61 0.54 3.04 2.7 8 38  -0.10 -023
8 0.59 0.55 3.15 271 98 38 000 -024
9 0.60 0.55 3.07 271 8 39 -007 -0.22
10 0.61 0.54 3.01 273 83 40 013  -021
1 0.61 0.54 3.03 272 85 38 -0.11  -023
12 0.61 0.55 3.05 272 87 39 009 -0.22
13 0.61 0.54 3.06 2.71 88 38  -008 -023
14 0.60 0.55 3.13 2.71 9% 38 -002 -024
15 0.59 0.55 3.12 2.71 95 38 -002 -024
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Fig. 4- Pareto front solutions of the MODSIM-NSGAII model for the "Temporal Reliability
Consideration Scenario”
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