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! Stakeholder
2 Natural renewable water
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! Actual renewable water

2 Exploitable or manageable renewable water
3 Water use

* Water demand

® Withdrawals uses

® Non-Withdrawal uses

" Consumptive uses

¢ Non-consumptive uses
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% Natural resources system
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! Unobtrusive measures

2 Nonreactive measures

3Sampling to Achieve Representativeness or Comparability
4 Sampling Special or Unique Cases
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Snowball Sampling
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Abstract

System dynamics is one of the modeling methods that has become popular in water
resources modeling in recent years due to its ability to consider various aspects of the
system. The first step in developing a dynamic system model is to develop “dynamic
hypotheses” or Causal Loop Diagrams (CLDs). This step poses some challenges as
follows: A wide range of knowledge is required to develop these hypotheses; the
affecting and affected components in each field are not predetermined; modelers develop
the CLDs based on their assumptions. These challenges may exclude the main affecting
components of the system in the models. The first step of the present study aims to
address these challenges through the development of dynamic hypotheses using the
grounded theory approach. The grounded theory provides a holistic and comprehensive
view of the system through a systematic qualitative process. Therefore, to demonstrate the
effectiveness of this method, the proposed process was implemented in the Zayandehrud
basin as one of the most complex basins in Iran. After developing the hypotheses, their
accuracy was ensured by providing quantitative data. It is noteworthy that the proposed
method has proved satisfactory in showing the main problems of the natural and socio-
economic system in the Zayandehrud basin and the connection between these problems.
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The natural system is the first system that shows the skin deep situation of the basin. Lack
of balance between water resources and water consumption, a decrease in groundwater
level, seasonalization of the river, reduction of water inflow to Gavkhouni Wetland, and
inter-basin water transfer are the first problems of the Zayandehrud basin that can be seen
in the natural system (figure 1).
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Figure 1- CLD of the problem for the natural system

During consideration of the socio-economic system and its relationships with the water
resources, some factors were obtained, including population growth, immigration, rising
per capita water consumption, growth of the industrial and agricultural sector, improper
development of pressurized irrigation systems, changing the water allocation to an unfair
pattern, and rising unemployment (figure 2).
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Figure 2- CLD of the problem for the socio-economic system

In summary, this method contributed to obtaining an overview of the problem, which was
surely derived from the research data and not from the researcher’s assumptions. The
results showed that some of the components of the socio-economic system played a
significant role in the problems of the Zayandehrud River basin. However, it seems
impossible to solve the basin problems while ignoring these components. For example,
according to the results, the components such as water allocation and employment should
be considered to calculate residents’ utilities. The grounded theory helps to obtain a
deeper understanding of the human aspects associated with the water resources system.

In the second step of the present research, a system dynamics model, being a holistic
simulation tool, was developed for the Zayandehrud basin and used to evaluate several
policy scenarios. The system dynamics in this study was utilized as a learning tool for
increasing our understanding of the behavior of the system and also as a tool for the
evaluation of policy scenarios. The model was examined by behavioral patterns and
structural tests.

Recognizing the complexities of water resources systems and their dynamic interaction
with the socio-economic system, decisions of water resources management must be made
based on a holistic approach. Simultaneous attention to environmental, social, and
economic aspects is essential, specifically if the aim is to achieve sustainable
development. To evaluate policy scenarios, the indices of the volume of groundwater,
surface water storage, water flow to Gavkhuni wetland, and river water flow were used as
the environmental criteria, and indices of employment and GRP served as the socio-
economic criteria. In addition to the business-as-usual scenario, three scenarios of water
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demand management, development of industry, and development management were
developed and assessed. The findings show that applying solely the activities related to
water demand management cannot achieve sustainability of the water resources system of
this basin. On the other hand, the transfer of water into the basin has serious challenges
based on previous studies. Hence, it is necessary to revise development policies in this
basin where the new industries, specifically agricultural industries, would be substituted
for some parts of the agricultural lands of the basin. By applying development
management, not only the socio-economic indices but also the sustainability of water
resources and their consumption would improve. It is required to reconsider the
development policies of the region in a broader context. Reducing the irrigated area by
15% and developing new industries up to a certain limit may make the combined water
and socio-economic system sustainable (figure 3).
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Figure 3- Behaviour of evaluation criteria under scenarios 4 (development management)
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