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Abstract

Introduction: Due to rapid expansion of population, there is an
increase in the number of water users. As a result, optimal water
allocation has become a pivotal issue. System dynamics is a suit
methodology for simulating and representing of water availability in
complex condition and impacts of water resources usage over time. In
this study, a dynamic water allocation model within Vensim GUI was
developed for the agricultural and environmental water resources of
Khamiriza catchment.

Methods: The model consists of two separate sections; the first part is
a water balance module which is designed to provide surface water and
groundwater simulations; the other part is a water allocation sub-
model. After the development of the model, the water balance
simulation optimized by optimizing the surface water and groundwater
against observed data.

Findings: The water use policy includes the conjunctive use of
groundwater and surface water to meet drinking, industrial,
agricultural, and environmental demands. The results suggest that
under current situation the quantity of available surface and
groundwater could be insufficient to meet the demands of different
sectors within the basin. Therefore, a scenario containing improved
irrigation efficiency and 30% of the land in fallow may lead to the
allocation vulnerability.

Conclusion:

The results of this application indicate that system dynamics can be
considered as an innovative tool in the planning and allocating water
resources. Moreover, conjunctive use of groundwater and surface
water resources may lead to a better water allocation policy.
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Surface Water and Groundwater Resources Allocation for Agricultural and Environmental Purposes in ...

Extended Abstract

Introduction

Population growth in most parts of the
world has led to an increase in frequent
demand for optimal allocation of water. The
basis of this work relays on system dynamic
modeling via breaking the complicated
problem into smaller parts and examining
them separately in term of the time-
depended variables. System dynamics is a
kind of modeling methodology based on a
series of cause and effect relationships of
complex systems using flows, inter-system
feedbacks, lookup-table functions and time
delays. Using these tools and causal loop
diagram we have developed a conceptual
model for Causal loop diagram for the
dynamic soil water system. The approach
provides a better understanding of the
dynamic behavior of natural systems
specially for time-delayed problems with
internal relationships among the
components. Available water resources of
the area were estimated for different needs
such as drinking, agriculture, industry and
environmental needs. The study area of this
research, Khanmirza watershed, is a region
which is currently under water stress and
due to the potential uncertainty’s climate
change water allocation day by day is
receiving more attention. Hence an attempt
has been made to simulate the behavior of
the water balance components to allocate
water resources in an optimal approach.

Materials and Methods

To study the surface and subsurface
components of Khanmirza watershed two
separate  dynamic sub-models were
developed. Climatic data were used to
simulate surface water behavior and the
model parameters were calibrated using
observational data. In the next step, these
data were validated using a model efficiency
index. In the groundwater section, the
recharge was used as a remaining part of
total rainfall as a portion that is not
intercepted, stored as the soil moisture,
evaporated or turned to surface runoff. The
environmental water need for the basin was
calculated by applying the Montana method
to hydrometric data at the output gauge
station of the basin, which is one the most

commonly used methods by the Deputy
Minister of Water. The water needs for
industrial purposes were estimated based
on collected data from Javanmardi region.
The agricultural water needs were obtained
through the common water needs of the
agricultural products with considering a
correction coefficient for efficiency of
irrigation systems. In order to calculate
drinking water consumption a number of
variables such as growth rate, initial
population and per capita water
consumption (drinking, sanitation, washing
...), commercial and industrial, public, green
space and water losses, the consumption
were used.

Findings

Calibration results from comparing the base-
flow and surface discharge observed data
(2002-2012) of Zarrindrokht station
showed that a Nash of 0.56 and 0.57 were
obtained for both the surface and
groundwater simulations at calibration
stage. For validation period this metric was
equal to 0.55 and 0.52 for surface and sub-
surface simulations, respectively. On the
base of these simulations, four different
scenarios (based on changes in the irrigation
efficiency systems, change in land uses,
applying climatic scenarios, etc. were used.
This assumption was checked to see if each
scenario meets the supply and demand
conditions based on the conditions of
exploitation of surface and groundwater
resources over the next 10 years or not. The
water use policy includes the conjunctive
use of groundwater and surface water to
meet drinking, industrial, agricultural, and
environmental demands. The results suggest
that under current situation the quantity of
available surface and groundwater could be
insufficient to meet the demands of different
sectors within the basin. Therefore, a
scenario containing improved irrigation
efficiency and 30% of the land in fallow may
lead to the allocation vulnerability. The
results of this application indicate that
system dynamics can be considered as an
innovative tool in the planning and
allocating water resources.

Discussion
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Integrating mater balance modeling in
system dynamic provides an informative
environment for simulating temporal
variation of water components in the basin.
From the results it can be deduced that in the
future groundwater will play higher role for
the area of interest. However, we can see
that currently a heavy portion of demands
are pushed to this water source as well. Our
allocation tests show the drinking and
industrial water need could be easily
managed if we apply an optimal allocation.
In this run we have given these two
requirements a higher priority, and as a
result, all the needs of these two sectors are
fully met. For the environmental sector, it is
observed that if the existing conditions in the
basin continues, the available water sources
will be able to supply 61% of the water
needs for this sector. At the same time
available water in the region can supply only
32% of the water needs in the agricultural
sector. Comparing the results of the
allocation indicators shows that a
combination of some scenarios including
improvement in land policy, irrigation
systems and conservative agriculture may
lead to the better water allocation option for
the future management of the basin.

Conclusion

The results indicate that conjunctive use of
groundwater and surface water may provide
a better methodology to meet the demands.
Since most of the water consumption in the
study area is used as irrigation, in case of any
change scenarios, special attention should
be paid to improving the efficiency of
irrigation systems. Our results also suggest
that climate change may have a significant
effect on the availability of both surface and
sub-surface water resources therefore for
such a semi-arid area monitoring of water
supply chain is necessary. Beside this high
vulnerability, the area is highly depended on
the groundwater resources. The results of
this application indicate that system
dynamics can be considered as an innovative
tool in the planning and allocating water
resources.
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