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Extended Abstract

Introduction

The centralization of the population of metropolitan areas, the development of economic activities, and human
needs for natural resources, including water resources, have caused an imbalance between supply and demand,
and have ultimately caused the instability and lack of resilience of these resources in most regions of the world,
especially arid and semi-arid regions such as our countries. Water is the foundation of life, the foundation of nature,
and the axis of economic, social, and cultural development of societies. Providing safe and sufficient water has
always been one of the most important challenges facing the world community in the third millennium, especially
in the arid belt countries of the world and the West Asian region. The United Nations World Water Development
Report (2020) shows that global water consumption has increased sixfold over the past century and continues to
grow by approximately 1% annually. Therefore, an increasing share of the population will face water shortages.
Achieving sustainable development of water resources is widely linked to the concept of resilience. In this research,
an attempt has been made to address the various dimensions and indicators of resilience, which include social,
economic, and environmental resilience, and which play an effective role in the resilience of water resources. This
study attempts to apply the basic scenario planning approach with Futurology for future research by dealing with
one of Iran's important central catchment areas, which is also facing various challenges.

Materials and Methods

Future research approach identifies the most important factors affecting the resilience of water resources in the
Zayandeh Rood watershed. In this research, due to its exploratory nature, GIS maps were used, and due to the
dominant approach of this research, which is future research, the Delphi technique was used. Due to its specialized
nature, this research cannot be done through conventional methods of surveying people. The Delphi method is a
method that relies on wisdom, collective intelligence, and brainstorming to reach the consensus of experts on a
specific topic so that the most appropriate answers can be obtained. The sample population of this research is a
group of 50 experts, people active in the field of water, experts, who are experts in two fields: "future research
approach" and "resilience of water resources". At the final stage, because the coefficient of agreement between the
panel members regarding the questions of the questionnaire has increased significantly compared to the first round,
the continuation of Delphi has been discontinued, and at this stage, the number of 33 factors has been called the
final index for structural analysis. The vision of questions and issues is designed for the next 25 years. At this
stage, these 33 factors were distributed in the form of a semi-structured questionnaire among the statistical
community (Delphi group consisting of experts), and they were asked to rate the variables in the framework of the
cross-effects matrix based on influence and effectiveness.

Results and Discussion

In the analysis done, the dimensions of the matrix in the Mikmac software are 33 x 33, and the number of
repetitions is considered 2 times. The index of filling the matrix is 91.99%, which indicates that about 92% of the
cases have influenced each other. From a total of 1001 relationships, 88 relationships have cross effects, 392
relationships have cross effects 1, 497 relationships have cross effects 2, and 112 relationships have cross effects
3. These results indicate that the number of relationships with moderate impact is high compared to other
relationships, and relationships with high intensity form a small percentage of the total relationships. In the
following, the analysis of the direct and indirect effectiveness of the factors is discussed. What can be understood
from the state of the scatter plot of variables affecting the resilience of Zayandeh Rood water resources is the state
of instability of the system. After identifying the influential indicators and determining their role and importance
in direct and indirect variables, the selected indicators are identified as the uncertainty of the scenarios, and the
base scenario planning is formed. Therefore, 5 scenarios were prepared based on uncertainties.


https://orcid.org/0000-0002-1760-5044
https://orcid.org/0000-0002-8472-270X

Water and Soil Management and Modeling

1978

University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

Conclusion

With the expansion of urbanization and the increase in population in metropolises, the conflict between
development and the environment is gradually revealed. In the meantime, the ecological power of the regions is
limited to each region. In the area of the central plateau of Iran, the amount of population settlement has never
been as high as it is today. Therefore, urbanization in the central plateau of Iran has created many problems for
natural resources. On the other hand, the distribution of the population in the area with natural resources, including
water sources, is not consistent, because the rainfall occurs in the western area of the watershed, but the majority
of the people and population live in other parts. Therefore, the conflict of interests between citizens and villagers
is observed in the use of water resources and the consumption pattern, and the need to use technology to manage
and reuse water resources has become particularly important. Heterogeneous rainfall distribution within the
catchment area has doubled the importance of the interaction of different groups with each other. The development
of industrial and service jobs should be done with the approach of reducing jobs dependent on water resources to
reduce water consumption.
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Table 1. Validity and reliability of the questionnaire

Dimension Items Cronbach's Alpha Significance Level
Education & Awareness 6 0.632 0.000
Institutional Context 5 0.887 0.000
Risk Reduction 3 0.887 0.001
Economic 8 0.744 0.000
Demographic 5 0.825 0.000
Environmental 6 0.815 0.000
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Figure 1. Influence-effectiveness of variables in cross-effects analysis (Godet, 2008)
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Figure 3. Average rainfall of the studied watershed
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Table 2. Effective indicators on the resilience of water resources in Zayandehroud watershed
Category Indicators Sources
Education & (x1) Training related to crop pattern change, (x2) Awareness of drought prevention Xu et al., 2021
Awareness methods, (x3) Level of social security in the area, (x4) Crime rate in the area, (x5) Sense Nasiri Zare and
of belonging in this area, (x6) Awareness of continuous monitoring of surface and Tahmasabi, 2022

groundwater resources in this area.

Institutional Context

(x7) Impact of organizational and social supervision on river and groundwater
management programs, (x8) Effectiveness and appropriateness of the performance of
conflict resolution institutions, (x9) Pursuing citizen disputes through existing conflict
resolution mechanisms, (x10) Role of the local water market, (x11) Usefulness of
meetings for achieving social justice

Nasiri Zare and
Tahmasabi, 2022
Nouri et al., 2022

Risk Reduction (x12) Role of financial subsidies for rural groups, (x13) Quality of water and wastewater Hall et al., 2019
organization services, (x14) Physical changes to protect the river buffer zone

Investment (x15) Investment in industrial development to reduce water consumption, (x16) Increase Xu et al., 2021
in water price for urban and industrial uses, (x17) Private sector participation in water Macdonald et al.,
resources investment, (x18) Willingness of foreign investors for water recycling and 2023
reuse, (x19) Investment in tourism to reduce water consumption, (x20) Investment in Bastaminia et al.,
modern agriculture based on river water, (x21) Cost-benefit of water-saving projects, 2017
(x22) Cost-effectiveness of water transfer projects

Demographics (x23) Effect of age structure on water resources, (x24) Effect of population growth rate on | Yavari et al., 2016
water resources in the area, (x25) Importance of migration rate on water resources, (x26) Golladay et al.,
Migration from villages to cities, (x27) Possibility of migration out of the region 2020

Natural (x28) Impact of precipitation amount, (x29) Impact of number of hot days per year, (x30) Ranjbar et al.,

Environmental Impact of number of cold days per year, (x31) Impact of humidity, (x32) Impact of water 2021

Elements flow speed, (x33) Impact of solar radiation Golladay et al.,

2020
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Table 3. Preliminary data analysis of the interaction effects matrix
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Table 4. Distribution of the variables based on their classification

Dimension Variable | Direct Effects Classification of Variables Influence | Influence Received
Education and Awareness (x1) 84 Determinant or Influential Variable 84 45
(x2) 47 Regulatory Variable 47 48
(x3) 51 Regulatory Variable 51 52
(x4) 48 Regulatory Variable 48 49
(x5) 51 Regulatory Variable 51 51
(x6) 44 Influenced Variable 44 55
Institutional Context x7) 63 Two-way Variable 63 60
(x8) 64 Two-way Variable 64 61
(x9) 63 Two-way Variable 63 58
(x10) 42 Influenced Variable 42 59
(x11) 49 Regulatory Variables 49 51
Risk Reduction (x12) 46 Regulatory Variable 46 53
(x13) 78 Determinant or Influential Variable 78 47
(x14) 46 Regulatory Variable 46 55
Investment (x15) 45 Regulatory Variable 45 48
(x16) 43 Influenced Variable 43 55
(x17) 87 Determinant or Influential Variable 87 43
(x18) 46 Influenced Variable 46 57
(x19) 45 Regulatory Variable 45 52
(x20) 42 Regulatory Variable 42 49
(x21) 46 Regulatory Variable 46 47
(x22) 44 Influenced Variable 44 59
Cognitive Population (x23) 59 Two-way Variable 59 60
(x24) 19 Determinant or Influential Variable 19 41
(x25) 50 Regulatory Variable 50 47
(x26) 40 Influenced Variable 40 58
(x27) 46 Regulatory Variable 46 52
Natural Elements of Context (x28) 78 Determinant or Influential Variable 78 46
(x29) 46 Regulatory Variable 46 55
(x30) 61 Two-way Variable 61 60
(x31) 61 Two-way Variable 61 58
(x32) 7 Independent Variable 7 44
(x33) 9 Independent Variable 9 47
Total 1722 1722




VG Oloxiao VEo € Jlo oY Lo 0 893 [Sa 5 OF Cu prto 5 (5w g puid [ g5 9 5,3 Bl 'Y

9 ebal 4 ulS Jelge zlsnl glp im do e )
S0t g (63835 Llod 4y 4l 590 (slapuite (52045
Dol g0 LB p (wakinns il g oadiions)

29,0021 2595 O qalio (51910l 2 Fge S Jolgs —0 Jgur

Table 5. Key factors affecting the resilience of water resources in the Zayandeh Rood Watershed

Rank Key Factors (Direct and Indirect) Direct and Indirect Variables

1 (x24) Impact of population growth rate on water resources in (x24) Impact of population growth rate on water resources in
the area the area

2 (x17) Level of private sector participation in investment for (x17) Level of private sector participation in investment for
water management water management

3 (x1) Training related to changing cropping patterns

(x1) Training related to changing cropping patterns

4 (x13) Appropriateness of water and wastewater organization

service quality

(x13) Appropriateness of water and wastewater organization
service quality

5 (x28) Influence of precipitation amount

(x28) Influence of precipitation amount
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Table 6. Assessment of five scenarios based on key uncertainties of the main driver

Uncertainties Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Green Activity Development Groundwater Social
Development Adaptation Gap Resources Sustainability
Conservation
Impact of population Decrease Increase Increase Increase Decrease
growth rate on water
resources in the area
Level of private sector Increase Decrease Decrease Increase Increase
participation in investment
for water management
Training related to crop Decrease Increase Increase Increase Decrease
pattern change
Appropriateness of water Decrease Increase Increase Increase Decrease
and wastewater company
service quality
Impact of precipitation Increase Decrease Increase Increase Decrease
amount
Score 16 16 16 13 16
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