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ABSTRACT 
 

The method of system dynamics, derived from systematic thinking, is a useful tool in management and 
planning. Simultaneous study of the surface and groundwater of a region aids the proper exploitation of the 
water resources of the region. In the current research, by investigating Taleghandam(Iran) using the system 
dynamics approach, the effects of dam construction on sustainability and groundwater resources control as well 
as their operation management approach is studied. Furthermore, due to the increasing demand for drinking 
water in Tehran province, the potential drinking water withdrawal from the Taleghan dam in the future and its 
effects on providing other regional demands was observed. Therefore, as a result of this study, a practical model 
was created that could be used for any place in the world having similar conditions to that of the investigated 
region here, only by changing the input data to that of the desired region. In addition, management scenario can 
help the sustainability of the water resources either by increasing the irrigation efficiency of the region or by 
proper economic saving. Three indices(vulnerability, sustainability and reliability) were calculated for each of 
the four scenarios. The results are presented in this paper. 
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Inroduction 
 

Water demand increases every day by the non-
stop population growth and the rapid agricultural and 
industrial developments. The limited manageable 
water and the constant increase in its demand, 
justifies the need for an appropriate planning and 
management in the field of water resources for the 
better exploitation of these rare and limited 
resources. If the existing resources are used in 
aeffective way, present and even near future 
demands could be improved. Having a proper 
understanding and predictability of the situation can 
help planners leading to a better use of these waters, 
as well as providing an optimal exploitation by 
considering seasonal and regional conditions and 
with respect to the sustainable development act.  

The models used in these cases are divided into 
three categories: Simulation models, optimization 

models and a composition of simulation and 
optimization modeling. The advantage of simulation 
approaches is in their ability to resolve analytic 
models for water resources systems having non-
linear equations. While optimization methods are 
rarely able to cope with them. Most of these 
approaches are explained by Loucks et al. [12]. 

Analyzing systems have an important place in 
the field of water resources management and 
simulation is an essential tool in the process of 
reservoir management. Nonetheless, a simulation 
tool is required that has the ability to describe 
complex systems based on reality and which allows 
the user to develop the model for further increasing 
the reliability of the process. 

System dynamics is a feedback and object 
oriented approach which is simpler and more 
effective than other analyzing system methods and 
does not require complex mathematics to describethe 
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system. This approach is used as a productive and 
common method in the modeling of water resources 
systems. 

Keyes and Palmer [11] used this approach in 
their drought simulation studies. Fletcher (1998) 
utilized this method as a decision making support 
tool for the management of surface water resources. 

Simonovic and Fahmy [16] used this approach 
for a long-term evaluation of water resources as well 
as for analyzing the policies applied to the Nile River 
basin in Egypt. Furthermore, Royston [13] employed 
the mentioned approach in providing water for a 
multi-task reservoir,this research was done on Lewis 
Smith reservoir in Black Warrior River and a model 
in the HEC-5 software was investigated. According 
to his findings, a dynamic model presents a more 
realistic estimation of the real conditions of reservoir. 

This approach was also used by Ahmad and 
Simonovic [1] in exploitation from UShalmavasU 
reservoir in UAsinewbonU River for wet year and 
several floods occurred in the region. In this 
research, they compared the effects of flood 
management in dam reservoirs having spillways with 
or without gates and a sensibility analysis was run for 
the model behavior for the primary condition of 
reservoir level.Also Ahmad and Simonovic [2] used 
system dynamics in calculating the damage due to 
flood in Manitoba River in Canada. In addition, they 
carried out a flood management policy analysis from 
an economic point of view  

Seysel and Barlas [14] used the system 
dynamics approach for responding to the questions 
involving the amount of hydroelectric power 
generated, agricultural development, crop type 
selection, environmental concerns and agricultural 
products in the south-east of Turkey.   

Huang and Shyan Wu [9] estimated the water 
required by the water supply of the regional rice field 
by means of Vensim model. 

Elmahdi et al. [6] presented a new approach for 
optimizing the irrigation demand management by 
composing systems dynamics model (Vensim 
software) with optimization approaches.  

Bosona [5] studied on modeling hydroelectric 
systems in order to optimize the efficiency of a 
reservoir in Utopia using system dynamics approach. 

Momeni [18] investigated the dynamic 
simulation of the multi-task reservoir of 
Zayandehrood dam and its downstream consumption, 
in order to increase the water existing in exploitation 
policies. 

 
Materials And Methods 
 
Case Study: 

 
Taleghan dam, kind of earthen with clay core 

that built in Taleghan Valley, 120 km north-west  of 
Tehran in  south of the Alborz mountains. Volume of 
the dam is 420 million cubic meters. 

Quantitative goals of dam construction, 
improving agricultural water supply to 271 million 
cubic meters in Qazvin plain, supply part of the 
drinking water equal to 150 million cubic meters a 
year for Tehran, use 25 million cubic meters per year 
for artificial recharge and annual production of 61 
Gigawatt hours of hydropower energy. 
 
Vensim: 

 
Vensim is simulation software for improving the 

performance of real systems.Vensim is used for 
developing, analyzing, and packaging dynamic 
feedback models.The resulting model is implemented 
in a system dynamics modelling interface called 
Vensim DSS, which emphasizes the roles of 
nonlinearity and feedback in determining system 
behavior.  Both the diagrammatic and mathematical 
bases of Vensim are described in detail, as are the 
adjustable components of the model. 
 
System Dynamic Approach: 

 
System dynamics as a methodology that is based 

on systematic thinking, is a method for studying and 
improved understanding of complex system. This 
method is feedback based and object oriented. In this 
approach, four different tools such as storage, run, 
joints and convertor are utilized. 

Systematic thinking, which is the base of the 
system dynamics approach, is opposed to linear 
thinking. In linear thinking, it is assumed that events 
and the mechanisms creating them are constant in 
time, whereas systemic thinking is based on the 
feedback processes theory. In linear thinking, no 
feedback from the output to the input is considered 
and they are attributed as open models [10]. While in 
real life, events are not only influenced by linear and 
one-way relations, they are affected by feedback, 
primary values or conditions of that event and are 
therefore variable throughout time.  
 
 
Modeling Basics of the System Dynamic Approach: 

 
There is no specific guideline for a successful 

modeling; nonetheless, a distinct and clear definition 
of the problem leads to a productive development of 
the model. Each individual has his own method, 
however, the summarized steps to an organized 
modeling process is as follows: 

a) Identifying and defining the problem: 
Includes defining the case, selecting the variables, 
key concepts, timelines and dynamic definition of the 
problem. 

b) System description and conceptualization 
c) Formulizing dynamic assumptions: 
- Defining primary assumptions 
- Formulizing dynamic assumptions 
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- Drawing the problem flowchart based on the 
assumptions 

- Key variables and other existing 
information 

Dynamic assumption can be expressed as causal 
loops, or as storage and run charts. Like all other 
assumptions, dynamic assumptions are not always 
correct and improving them is an important part of 
good model developments.  

d) Creating the simulation model 
e) Model development 
f) Model verification 
g) Scenario designs and analysis and 

improvement of the model 
In this approach, the main focus is on the system 

comprehension and all of the problem resolving steps 
provide the necessary feedbacks for reaching such 
understanding [16]. 

 

 
Fig. 1: Modeling methodology of the system dynamic approach 

 
System understanding leads to the identification 

of the problem. By defining the problem, the system 
is conceptualized by causal loops. This can again 
lead to the better definition of the problem and the 
cycle continues on until an acceptable modeling 
concept is achieved. According to this 
conceptualization, the model is formulized in form of 
mathematical equations which therefore provide 
better comprehension of the problem.Methodology 
of  modeling system dynamics approach has been 
summarized in Figure 1. 

This procedure continues back and forth until a 
logical model describing the reality is achieved. 
Later, the simulation model is validated. The 
conformation of the model can be refined during this 
stage or in progress. Finally, the valid model is 
exposed to the analysis and improvement policy. 
Each stage contributes to the better understanding of 
the system. Eventually, the improvement policies are 
carried out and the feedbacks offer the amount of 
effectiveness which leads to the profound 
understanding of the system. 
 
Model Preparation: 

 
The main purpose of this study is to model the 

Taleghan dam and to investigate its effects on the 
region’s groundwater resources. Therefore, besides 
the dam itself, the groundwater reservoir of Ghazvin 

plain was modeled as well. Since the outflow of this 
groundwater supply includes the entire Ghazvin 
plain, hence, other rivers on this region were also 
modeled as a third system so that the water shortage 
for downstream agriculture would be applied to the 
model as one the demands which needs to be 
provided by the groundwater.  Therefore, the model 
was eventually prepared for the following three 
systems: a) surface water (Taleghan dam), b) 
groundwater and c) other rivers in the region.  

In order to prepare the model, first, the real 
coordination of each point in the model was 
determined using a schematic figure and a regional 
map, and then the concept model was determined by 
means of the system dynamic approach. Later, the 
model was run in Vensim, that is the relevant 
software, and the corresponding formulas and 
equations were inserted for calculation. 

The principle of modeling is based on Balance’s 
equation as below: 

 
  

 
Where: 

= the change of reservoir volume over time 
I = Inflow volume to the reservoir  
O = Outflow volume from the reservoir 
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Variables and Data Used in the Model: 
 
Input Data: 

 
The input data are the inflow to each system, the 

volume-area-elevation curve, reservoir volume, 
maximum and minimum reservoir volume, 
evaporation records and the downstream demands 
including the drinking, agriculture and industrial 
demand.  

The records were gathered from the Regional 
Water Organization or by using the previous studies 
done on this region. In order to prepare the models, 
30-year historical data (1977-2007) were used as 
inputs so that they would be realistic. Other variables 
and parameters were calculated with aid of the 
corresponding formulas. Some examples of how 
these variables are calculated will be described later.   
 
Reservoir Volume: 

 
The reservoir volume for each time interval 

(here one month) was calculated using the following 
formula:  

 
Taleghan=Inflow–Evaporation – outflow – spill: 

 
Where: 
Taleghan= Reservoir Volume 
Inflow = water volume entering the reservoir 
Outflow = water volume exiting the reservoir 
Evaporation = evaporation volume from the 

reservoir 
Spill = the overflow volume 
 

Spillway (Overflow) Volume: 
 
IF THEN ELSE (((Taleghan/"Normal Period-

1")+Inflow-Outflow-"Evaporation-1")>("Max-
Volume"/"Normal Period-1"),((Taleghan/"Normal 
Period-1")+Inflow-Outflow-"Evaporation-1"-("Max-
Volume"/"Normal Period-1")),0) 

This variable represents the overflow from the 
dam reservoir in the different months of the year. 
The estimation equations are presented below. In 
fact, in this equation, if the reservoir water is more 
than its volume capacity, the excess is considered the 
overflow.   
 
Reservoir Outflow: 

 
This is the most important part of the modeling, 

which uses the result from the previous stage in 
determining the reservoir inflow and outflow. In this 
stage, decision making rules play a critical role in 
defining the outflow equations. The models is 
programmed in a way that if the reservoir water 
volume plus the inflow and minus the evaporation 
loss is greater than the water demand, total output 

value is equal to the demand, otherwise the total 
water in the reservoir is the output volume. 

 
Demand Supply and Shortage: 

 
After the calculations mentioned above and 

using the corresponding equations, the demand 
provided by the model was calculated based on the 
dam outflow and with respect to demand priority 
according to exploitation policies (drinking, industry 
and agriculture, respectively). Also, the water 
shortage necessary for full coverage was calculated. 

The detailed calculation procedure of other 
parameters is neglected here, due to the similarity in 
their estimation and calculation processes. 

For the composed and simultaneous study of 
both surface and groundwater, first, the surface water 
model was run and then, the shortage in the surface 
water was defined as demand in the groundwater 
model. Hereby, the two models are connected.  

A percentage of the used water in providing the 
demands in considered as return water. These 
coefficients vary in the following range as below: 

Drinking: 0.6 – 0.65 
Agriculture: 0.25 – 0.3 

 
Validation: 

 
Prior to creating the region’s model with dam 

and considering the fact that the dam was operated in 
2007, in order to validate the model, another model 
of the region without dam was created and run using 
the dam’s pre-construction data and the loss chart for 
the groundwater reservoir volume was drawn and 
compared to the observation chart. Necessary 
modification to reduce the difference between the 
two was done by making changes in return water 
coefficients in the range. 

After creating the model with dam, the results 
were compared to the observation data, and due to 
the minor differences, the model was validated 
appropriately. 
 
Senarios And Results: 

 
As it said, objective of the essay is to propose 

guidances to optimize utilization of dam by use of 
simulation. Therefore, the effects of dam on the 
region could be the first phase to contribute in 
decision making of management policies in the 
future  

Meanwhile, examing the probable scenarios 
before applying them, for example increasing supply 
of drinking by  dam, can affect the managers to do in 
the best way. One of the processes which examined 
is the operational ways to decrease the problems 
resulted in some management scenarios and  effects 
of the ways  on improving conditons  
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a) Model design and run for without dam 
conditions 

b) Model design and run for Taleghan dam 
conditions 

c) Model design and run for dam conditions 
and increase in the water withdrawal for further 
providing Tehran’s water demands and investigating 
its effects on the region’s agricultural demand 

d) Model investigation after a 10 percent 
increase in agricultural efficiency. 
The groundwater reservoir volume loss diagram for 
the with dam conditions was drawn and compared to 
that of without dam. As the results in Figure 6 show, 
dam construction has led to a decrease in the 
groundwater reservoir volume loss of the region as 
expected.

 
 

 

 
 
Fig. 2: Validation Results 
 
 

 
 
Fig. 3: The model’s bisector diagram against the observation data 
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Fig. 4: Comparison of the model result for with and without dam conditions 
 

Comparison in the agricultural demand for with and 
without dam conditions: 

 
In order to compare the two situations, a 

reliability index (involving the number of months, 
the dam provides the water demand) was calculated 
for each condition and its percentage to the number 
of months, which the demand already exists, was 
calculated as well. For this purpose, the months in 
which at least 70 percent of the water demand was 
provided, were considered the months whose demand 
were met. The results are summarized in Table 1. 
 
Reliability Index: 

 
The reliability index is calculated with the 

following equation: 
 

 
 
Where Suis Part of the demand that is supplied 

by the dam, and D represents the demand. This index 
is a comparison between consumption and the real 
demand in an annual scale which can show an excess 
consumption in the system or water stresses involved 
[22]

 
Table 1: Reliability comparison of agricultural demand supply for with and without dam conditions 

Reliability percent for agricultural demand supply by surface water resources 
Without Taleghan dam With Taleghan dam 
47% 85% 

  
As it can be seen, by constructing a dam, the 

reliability of the region’s agricultural demand supply 
has considerably increased. 
 
Considerations for the increasing drinking water 
demand: 

 
Considering the growing increase in drinking 

water demand, one of the main purposes of the 
Taleghan dam construction was to partially provide 
for Tehran’s drinking water demand. Initially, it 
annually provided 150 million cubic meters of 
Tehran’s drinking water demand, but the policy is 

that this amount is increased in the near future and 
therefore the amount of water lost in conveyance to 
Ghazvin’s irrigation-drainage system is reduced and 
this shortage is replaced by the transfer program of 
Almout to Ghazvin. According to the performed 
projects in the corresponding basins, the drinking 
water allocation has increased from 150 million 
cubic meters to 250 million cubic meters. 

Therefore, this case is studied as management 
scenario and the increase is applied to the model and 
the results on other system points as an output was 
observed.

 
 
Table 2: Reliability comparison by increasing the drinking water demand supply 

Reliability percent for agricultural demand supply by Taleghan Dam 
Present conditions By increasing the drinking water demand supply 
82% 63% 
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Fig. 5: Effect of increasing drinking water demand on the groundwater reservoir volume Fall 

 
As shown in Table 2, the increase in the drinking 

water demand significantly reduces the agricultural 
demand supply and therefore, leads to an increase in 
the water withdrawal from the groundwater resources 
decreasing their volume. The following diagram 
demonstrates the change in the groundwater reservoir 
volume if the drinking water demand is increased 
with the present conditions. 
 
The Effect of Irrigation Efficiency Increase: 

 
In this region, the agricultural efficiency for 

irrigation can be increased up to 10 percent, by 
optimizing the network, field equipping and 
renovation and by organizing educational and 
persuasive programs for the farmers. Therefore, this 
was also applied to the model as a feasible 
management policy. The results showed that this 
causes a 7 percent increase in the agricultural 
demand supply reliability. 

   
Table 3: Comparison between the present conditions and by increasing the irrigation efficiency 

Reliability percent for agricultural demand supply by Taleghan Dam 
Present conditions By increasing the irrigation efficiency by 10 percent 
82% 89% 

 
Simultaneous investigation of the two scenarios of 
increasing withdrawal for drinking water supply and 
agricultural irrigation efficiency: 

 
As investigated above, it is decided to increase 

Tehran’s drinking water supply by Taleghan dam. 
This causes a decrease in the agricultural demand 
supply and therefore, leading to an increased water 

withdrawal from groundwater resources 
consequently reducing its water level. So in order to 
reduce its negative effects on the region’s agriculture 
and groundwater resources, the simultaneous 
increase of both, agricultural efficiency and water 
withdrawal for drinking water supply were studied as 
a management scenario. 

  
Table 4: Reliability comparison between the present conditions and simultaneous effect of the two previous scenarios  

Reliability percent for agricultural demand supply by Taleghan Dam 

Present conditions By increasing the irrigation efficiency by 10 percent and also increasing 
the drinking water demand supply 

82% 69% 
  

The Calculation of Sustainability and Vulnerability Indices-Sustainability Index:  

 

 
Where S is the water that is existing in reservoir 

and available.andD is the water demand. This index 
has an annual scale and evaluates the system’s 
sustainability from the aspect of shortages. 

 
-Vulnerability Index:  

 
This index is a representative of the system’s 

consumption pattern against its availability. VI=1 
shows that the system’s consumption value is equal 
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to that of its availability and thus represents 
vulnerability. 

These two indices were calculated and compared 
for the dam in all scenario conditions. The results are 
summarized in Table 5. 

   
Table 5: Comparison of Sustainability and Vulnerability for the 4 different conditions  

Management 
scenario Present condition By increasing drinking 

water supply from the dam 
By increasing irrigation 
efficiency 

Both scenarios 
simultaneously 

SI 0.59 0.30 0.69 0.36 
VI 0.35 0.60 0.27 0.54 

 
As it can be seen, by increasing the drinking 

water demand supply for the dam, the sustainability 
of the dam’s reservoir decreases in comparison with 
the present condition while it augments by increasing 
the irrigation efficiency. On the other hand, system’s 
vulnerability increases for the case of increasing the 
drinking water demand supply from the dam and 
decreases while improving the irrigation efficiency. 
For the fourth case, the condition is a little improved 
compared to that of the second scenario. 

 
Conclusions And Recommendations: 

 
The first and the most important result of this 

research is the main purpose of this study which was 
to create a completely practical model of the region 
that can be operational for any other point in the 
world with similar conditions. Therefore, this model 
is recommended for scheduling the operation and 
exploitation of other multi-task dams with similar 
conditions.  

It can be also concluded from this research that 
the construction of the Taleghan dam had a positive 
effect on providing the region’s demands. 

In this region, the agricultural efficiency for 
irrigation can be increased up to 10 percent, by 
optimizing the network, field equipping and 
renovation and by organizing educational and 
persuasive programs for the farmers. This measure 
results in a 7 percent increase in the reliability index 
of the agricultural demand supply while increasing 
the sustainability index and decreasing the system’s 
vulnerability index.  

Due to Tehran’s growing drinking water 
demand, further water withdrawal from the Taleghan 
dam is an inevitable scenario which in consequence 
causes a decrease in the region’s groundwater level 
and hence increasing and decreasing the 
sustainability and vulnerability indices of the regions 
agricultural demand supply, respectively. Therefore, 
the simultaneous scenario is recommended in order 
to reduce its negative effect. 
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