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Abstract

In recent years, the increased demand on the shared groundwater
resources and inappropriate governance in allocating the limited
resources has led to more conflicts between stakeholders in different
regions of the world. Therefore, due to the overburden of demands
over the aquifer resources, it is necessary to develop an appropriate
framework for reallocation of shared aquifer resources based on the
consensus among stakeholders. In this regard, one of the widely-used
approaches, is the Bankruptcy Theory, as a subset of the Game Theory.
So far, this approach has been used commonly in the reallocation of
surface water resources. In this research, after introduction and
evaluation of the most important bankruptcy methods, the
Neyshabour-Sabzevar-Ataiyeh shared aquifer, as one of the most
important study areas with the critical bankruptcy conditions in Iran,
were reallocated among the stakeholders. Accordingly, in the proposed
approach, the stakeholders’ weights were estimated using the
Hierarchical Analysis Process (AHP) considering the most important
agricultural, drinking, and industrial sustainable development criteria.
The weighted form of the most practical bankruptcy methods,
including Principle of Proportionality (PRO), Constrained Equal
Awards (CEA), Constrained Equal Losses (CEL) and Modified
Constrained Equal Losses (MCEL) methodologies were used to
reallocate the shared aquifer among the stakeholders. Based on the
Bankruptcy Allocation sustainability index, the weighted CEA is
selected for reallocating the shared aquifer among the stakeholders.
According to the output related to this method, Neyshabour, Sabzevar
and Ataiyeh plains can receive 39%, 68% and 45% of their total
demand, respectively.
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Table 1- Review of the most significant studies which applied bankruptcy theory in water resources
allocation
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Author(s) Location
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Innovation

Liangzi Lake basin, Ezhou

(Zheng et al., 2022) City, China

Using proportional (PRO),
Constrained equal awards
(CEA), Constrained equal
losses (CEL), Piniles (PIN)
and Talmud (TAL) methods

A new allocation rule under
water scarcity

Three regions of Minudasht,
Azadshahr and Gonbad-e-
kavus, Iran

(Yazdian et al., 2021)

A new approach was applied
based on the simulation-
optimization framework for
shared groundwater
management under water
bankruptcy conditions

A simulation-optimization
for a shared framework
water
resource management under
water bankruptcy conditions

(Iranshahi et al., 2021) Atrak river basin, Iran

of the Combined use
Asymmetric Nash
Bargaining solution and the
Bankruptcy theory

Combined useing of
bankruptcy and asymmetric
Nash bargaining concepts

Gorganrood-Gharesoo

(Jolaie et al., 2020) basin, Iran

The core rule of game
theory and some bankruptcy
methods were used

Combined useing of core
method and indefinite
bankruptcy

(Kamju and Khochiani,
2020)

Zayandeh Rood river basin,
Iran

The (PRO), (CEA), (CEL),
(PIN) and (TAL) methods
used for Optimal allocation

Combined use of bankruptcy
and tennant method

of surface and groundwater
resources
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Fig. 1- The proposed flow diagram of the shared groundwater reallocation among the stakeholders based on
the Bankruptcy theory method
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Table 2- The equivalent numerical values of the relative preference comparisons in the AHP method
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L Equivalent
Linguistic N .
statement Description numerical

value
Equal Criterion i has the same importance as the criterion j 1
Weakly better is slightly more important than the criterion j Criterion i 3
Definitely better Criterion i is more important than the criterion j 5
Very strongly better Criterion i is much more important than the criterion j 7
Absolutely better Criterion i has fully precedence over the criterion j 9
Intermediate values For example 8 indicate a value greater than 7 and lower than 9 for i 2,4,6,8

Table 3- Sustainable development indicators for weighting of riparian states on the shared aquifer
Sy Glopal Gl gd (230159 &l Hlnly arwei S LS Y Josa

Criterion Indicator Description Source
Area under cultivation The area of land that is irrigated for agricultural
purposes
Agriculture Agrlcult_u_ral Gross value added of agricultural products
productivity
Agricultural - General policies
Development Agricultural growth rate of the Sixth
Water Quality Quality level of drinking water Development
Population arowth Population growth rate or need for drinking Plan of_the
Drinking opulation gro water Islamic
Infrastructure Rate of development of infrastructure related to SRE?_UbI'C.IOf
development the quantity and quality of drinking water ections :1ran
- — : - 7,8and 10
Industrial productivity Gross value added of industrial products
Industry Industrial Development The amount of increase in the growth rate of

the industry

Industrial employment

The growth rate of employees in the industry
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Table 4- The resources from the stakeholders’ contribution as recharge into the shared aquifer of
Neyshabour-Ataiyeh-Sabzevar and their demands (MCM/year)
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(Jlw 53 cxSo o ygabuo)
Type of contribution as the Stakeholders
recharged resource .
(MCM/year) Neyshabour Sabzevar Ataiyeh Total
Total groundwater resources 325.1 120.59 71.44 517.13
Total demands 715.35 264.37 126.47 1106.19
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Table 5- The weights assigned to the indicators and sub-indicators by using the hierarchical analysis method
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Table 6- Reallocation of riparian states on the Neyshabour-Sabzevar-Atayieh shared aquifer by means of
bankruptcy theory methods
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Reallocated water to each riparians state (MCM/y)

WPRO WCEA WCEL MWCEL
Riparians
XijWPRO diwero XiWCEA diwcea XiWCEL diwcer  Ximwcer  dimwceL
Neyshabour  394.77 320.58 279.25 436.1 397.26 320.68 517.13 198.22
Sabzevar 104.52 159.85 181 88.37 58.2 205 0 264.37
Atayieh 17.85 108.62 56.88 69.59 61.67 64.1 0 126.47
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Fig. 4- Comparison of reallocated water to each reparian stakeholder based on the bankruptcy methods
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2- Game Theory

3- Proportional
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5- Constrained Equal Losses

6- Talmud Method

7- Piniles Method
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10- Modified Constrained Equal Awards Method
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12- Agents Bankruptcy to Protect Environment
13- Particle Swarm Optimization

14- Lorenz Curve

15- Gini Coefficient

16- Plurality Index

17- Analytic Hierarchy Process

18- The United Nations Development Programme
19- Analytic Hierarchy Process

20- Weighted Proportional

21- Weighted Constrained Equal Awards

22- Weighted Constrained Equal Losses

23- Modified Weighted Constrained Equal Losses
24- Plurality Index

25- Power Index

26- Bankruptcy Allocation Stability Index
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28- Safe Yield
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