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Abstract

Deteriorated quality and scarcity of water are two serious
problems and the water resources management corresponding
to these problems is often accompanied by conflict between
consumers. The purpose of this study is to analyze the
behaviors and interactions of stakeholders in the Karaj basin in
order to provide optimal strategy in sustainable policy-making
of water resources in this basin with respect to environmental
protection. In this study, definitions of stability were used to
analyze the results of the Graph model in non-cooperative
game theory. Players include the Ministry of Agriculture, the
Regional Water Company, the Farmers and the Department of
Environment. The results of the Graph model showed that
among the definitions of stability used in this study, Non-
Myopic stability analysis is reliable for the analysis of this
game and the output of this stability is more likely to occur in
the behavior of players. One of the most desirable equilibrium
states is the basic situation and the other equilibrium state is
the situation in which farmers perform unauthorized
withdrawals of irrigation canals, in which case an undesirable
situation will occur in the future. Therefore, the water
resources management in the basin can be improved by
determining incentives from the regional water company for
the cooperation of farmers and their training, as well as
identifying and punishing violators. Finally, the results showed
that using appropriate stability definitions can provide valuable
insights for policy-making to analyze specific conflict, when
there is uncertainty about player behavior.

Keywords: Equilibrium States, Stability Definition, Graph
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Table 1- Stability definitions and description
Wl oy 5 55l dia)ei -) Jgaa

Characteristics

Solution concept Stability description Number of Knowledge of
moves preferences
Decision maker cannot unilaterally move to a more
Nash 1 move Own
preferred state
All unilateral improvements are blocked by subsequent
GMR unilateral moves by others 2 moves Own
SMR All unilateral improvements are still blocked even after 3 moves own
possible responses by the original player
SEQ All unllateral_lmprov_ements are blocked by subsequent 2 moves All
unilateral improvements by others
Limited Move All players are assumed to ac@ gptlmally ar_1q maximum h moves All
number of state transitions is specified
Non-Myopic A special case of Limited-Move stability is that the Unlimited All

maximum number of moves increases infinitely
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Table 2- Players, options and basic situations of the case study
axllao 3,90 dilio 45wl (BCardg g LAy 35 (USG50 - Jgua

Decision makers Number Options _Ba5|_c
situation
. . More production of strategic agricultural products Y
Agricultural Organization 2 Equipping, developing and Reconstruction of irrigation systems Y
Regional Water Compan 3 Delivery on time, as needed and specified flow rate Y
g pany 4 Unauthorized withdrawal of water from irrigation canals N
5 Implementation of alternate irrigation N
Farmers -
6 Earn more profit Y
Department of Environment 7 Enforcement of environmental law Y
Table 3- Rewrite player’s options and basic situations
OS2 3L by sLCurdg g Bau 35 cwngijl -F Joie
Decision makers Number Options _Ba5|_c
situation
Agricultural Organization 1 More production of strategic agricultural products Y
Regional Water Compan 2 Delivery on time, as needed and specified flow rate Y
9 pany 3 Unauthorized withdrawal of water from irrigation canals N
4 Delivery on time, as needed and specified flow rate Y
Farmers -
5 Earn more profit Y
Department of Environment 6 Enforcement of environmental law Y
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Table 4- Prioritizing the options of Karaj Agricultural Organization
TS &539WS ke plojlw sy 357 gaucaglyl -F Jgua

Prioritizing Number Options _Ba5|_c
situation
1 1 Delivery on time, as needed and specified flow rate Y
2 5 Earn more profit Y
3 2,4 Delivery on time, as needed and specified flow rate Y
4 3 Unauthorized withdrawal of water from irrigation canals N
5 6 Enforcement of environmental law Y

Table 5- Prioritizing the options of Regional Water Company of Tehran
OIS bl glaihio O €8 o gy 357 (gaiuCugly! -0 Joso

Prioritizing Number

Options

Basic situation

1 2,4 Delivery on time, as needed and specified flow rate Y
2 3 Unauthorized withdrawal of water from irrigation canals N
3 6 Enforcement of environmental law Y
4 1 More production of strategic agricultural products Y
5 5 Earn more profit Y
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Table 6- Prioritizing the options of Farmers
OlisgliS a5 gaucaglgl -7 Jos

Prioritizing Number

Options

Basic situation

1 2,4 Delivery on time, as needed and specified flow rate Y
2 3 Unauthorized withdrawal of water from irrigation canals Y
3 5 Earn more profit Y
4 1 More production of strategic agricultural products -
5 6 Enforcement of environmental law N

Table 7- Prioritizing the options of Department of Environment

Com j o Glojlw (S 35 (guiaCu gl -V Jgua
Prioritizing Number Options Basic situation
1 6 Enforcement of environmental law Y
2 3 Unauthorized withdrawal of water from irrigation canals N
3 2,4 Delivery on time, as needed and specified flow rate Y
4 1 More production of strategic agricultural products -
5 5 Earn more profit -

Table 8- The priority of 48 possible choices for the decision makers
OV sl G 5 s (Sew Cumidg Y giuCaglgl —A Jgi

decision makers possible choices for The priority of 32

Decision makers

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Agricultural Organization 30 32 14 16 24 22 6 8 28 13 2 3 4 5 7 9

Regional Water Company 30 22 29 21 32 12 11 100 9 8 7 14 6 5 4 3

Farmers 16 15 31 13 14 32 30 29 12 2 3 4 5 6 7 8

Department of Environment 30 22 21 29 17 26 25 18 20 31 19 32 23 24 27 28
. The priority of 32 possible choices for decision makers

Decision makers

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Agricultural Organization 10 11 12 29 27 15 31 17 18 19 20 21 23 25 26 1

Regional Water Company 2 13 16 15 31 17 18 19 20 23 24 25 26 27 28 1

Farmers 9 10 11 26 25 28 27 17 18 19 20 21 22 23 24 1

Department of Environment 8 2 3 4 5 6 7 16 9 10 11 12 13 14 15 1
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Table 9- Conflict equilibrium and the priority of each player
Jolei adads 43 45050 2 Cuglgl g aails w5l b dani g Bl Jolai L5 - Jgus

Equilibrium states

Decision makers options 20 26 28 30 32
Agricultural Organization More production of strategic agricultural products Y Y Y Y Y
Regional Water Company Delivefy on ti_me, as needed and specifie_d flpw rate N N N Y Y

Unauthorized withdrawal of water from irrigationcanals Y N Y N Y

Earmers Delivery on time, as needed and _specified flow rate N N N Y Y

Earn more profit N Y Y Y Y

Department of Environment Enforcement of environmental law Y Y Y Y Y
The number of stability 2 2 3 6 4

Organization Priority condition for Agriculture 27 31 9 1 2

Company Priority condition for Regional Water 25 29 31 1 5

Priority condition for farmers 25 20 22 7 6

Priority condition for Department of Environment 9 6 16 1 12
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Table 10- Summarized condition of stability in different equilibria
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Stability definition

Equilibrium states

28 26 20

Nash (L1)
GMR
SMR
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Limited Move (n=2)
Non-Myopic
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