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Abstract
Background: Due to the complexity and interdependence of water resources, the evaluation of the 
efficiency of water resources management is difficult. So, it is necessary to use effective modeling 
methods to study and recognize the feedback loops available in water resources systems. Regarding the 
importance of domestic water for the human health, the aim of this study was to develop a dynamic 
model with focusing on domestic water management.
Methods: This study was performed using a system dynamics approach. The strategies used in this 
study include population scenarios (ps), water use education scenarios (wu education), and agricultural 
water management scenarios (Agriwm).
Results: There was a significant relationship between education on water saving in domestic sector and 
water use per capita. In various scenarios of population growth, domestic water use was declined rapidly 
with education. According to the obtained results, under “ps3-wu education” scenario, lower population 
growth, and higher water use education, domestic water use will reach the minimum level, by 2041. The 
results showed that the proposed scenarios can lead to 60% reduction in domestic water use.
Conclusion: With education strategy, water use per capita up to 2024 can reach the optimum level of 
100 liters per person per day. However, without education even by 2041, this goal is unattainable. So, 
sustainable goals can be achieved by adopting education strategy. The developed systematic model can 
be applied in various conditions. In each study area, the regional water and population data should be 
provided.
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Introduction
Population growth and urbanization have increased the 
need for domestic water, food safety, and environmental 
protection, agricultural, industrial, and commercial water. 
Furthermore, safe drinking water is one of the necessities 
to sustain life, and a satisfactory (adequate, safe, and 
accessible) supply of water must be available for all people 
(1,2). According to the new global attitude, water is a socio-
economic commodity and it is considered as the primary 
and vital need of every human being (3). Although, water 
is a renewable resource, but the amount and speed of this 
process is very low, slow and long. With regards to the rapid 
population growth, raising the level of public health and 
welfare, water resources per capita are declining. Given the 
current situation in third world countries and the rapid 
growth of population and urbanization, increased water 

use in developed countries, and political tensions around 
the world are limiting factors for access to adequate water 
resources (4). So, water scarcity and lack of adequate and 
proper water resources in different parts of the world has 
been warned by various international organizations such 
as the World Bank (5) and the World Health Organization 
(6). One of the ways to control water crisis and droughts 
is proper water management with regard to water demand 
management. Water demand management refers to 
activities that help reduce water demand and water use 
efficiency and prevent contamination or destruction of 
resources. In water resource management should pay 
more attention to water demand management. Water 
demand management is a difficult variable to influence 
due to the pressure of uncontrolled factors, such as 
weather conditions, population growth, and urbanization 
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(7). Therefore, it is difficult to assess the effectiveness of 
management decisions in water resources management 
due to the complexity and interconnection of water 
resources systems. For this reason, using strong modeling 
techniques for the study and identifying feedback loops in 
water resources systems are necessary. 

System dynamics (SD) is one of the most powerful 
management tools used in recent years to simulate 
complex water resources. There are some previous studies 
that tried to analyze water systems in different ways. An SD 
approach used for modeling the dynamics of groundwater 
discharge under different economical and climate change 
scenarios (8) and the evaluation of water scarcity using an 
SD approach (9), showed that the proposed models can 
be used to assess the long-term effects of water policies 
and strategies, especially, policies that reduce the water 
demand. The SD approach can be applied to enhance 
integrated water resource planning (10). So this method 
can identify necessary guidelines for economically 
sustainable water supply. Also, the combination of SD 
and optimization method can be applied for supporting 
sustainable water resources. The results of a study on water 
resources planning in Zhengzhou City, China (11) showed 
that the combination of optimization method and dynamic 
models can help water resources managers in cities which 
are facing water shortages. Similar results were achieved 
in the integrated water resources dynamic modeling of 
the Saskatchewan River basin in western Canada (12). 
Other capabilities of the SD approach are comprehensive 
management of surface water and groundwater by 
integrating hydrological, social, economic, and political 
data (13), the evaluation of the reservoir behavior under 
changing climatic conditions (14), and the exploration of 
the limitations and opportunities to achieve safe drinking 
water (15).

In a comprehensive study on domestic water 
management using SD approach, it was revealed that 
domestic water resources have been facing significant 
pressure from population growth, urbanization, and 
climate changes (16). In this research, the systematic 
water management model was proposed to simulate the 
dynamic interactions between urban water demands 
and society, economy, climate, and water conservation. 
Also, SD approach was applied  to reflect the intrinsic 
relationship between water demand and macroeconomic 
environment using municipal water demand forecasts in a 
fast-growing urban region (17). In another study in Iran, 
a system dynamic model was developed to simulate the 
effectiveness of sectoral, municipal, industrial, agricultural 
water resources management and environmental 
protection policies. The results indicated that system 
dynamic method has a high capability for multi-sectoral 
water management analysis (18).

Iran is currently facing a severe water crisis, and due 
to the constant water resources, population growth, 
and not paying enough attention to the management of 

water resources, if not adopted appropriate and timely 
water resources management policies in both supply and 
demand, intensification of unfavorable water resources 
status in the country and the impact of security and 
economic indicators will be inevitable. Regarding the 
importance of domestic water in human health, the 
overall aim of the present study was to evaluate the water 
resources management focusing on domestic water 
demand management solutions. 

System dynamics (SD) modeling is a technique that 
describes how a system operates. This method can be used 
to determine changes resulting from a specific action and 
strategy. Developed models in system dynamic approach 
have a global application. The developed model structure 
can be used in various regions but the model accuracy 
can be tested in a specific region as a case study. In this 
research, Qazvin province water and population data 
(19,20) were used for model evaluation. Five general 
steps used in applying the SD modeling process include 
1) Defining the problem; 2) Description of the system; 
3) Model development; 4) Model validation; 5) Using 
the model to analyze policies (21). VENSIM which is 
a common tool for dynamic modeling and an object-
oriented simulation environment based on the feedback, 
was used for modeling (22,23).

Materials and Methods
Defining the problem
The problem definition step includes a statement of the 
problem in the system that the existing entity is seeking to 
resolve (24). Water is one of the most important challenges 
facing humanity this century, which can be the source of 
many positive or negative changes at the national and 
international levels. Iran is one of the countries that 
have been faced with water tension and crisis. It has 
led to a sharp drop in groundwater and surface water 
levels, reduced agricultural production and increased 
cost of agricultural production process, declined wildlife 
populations, especially aquatic population, reduced 
biodiversity in plants and animals, and challenging water 
resources management. In this very critical condition, 
it is inevitable to apply regulatory policies and change 
and modify the consumption pattern. One of the ways 
to control water crisis and droughts is proper water 
management with regard to water demand management, 
that help reduce water demand and water use efficiency, 
as well as preventing contamination or destruction of 
resources. Regarding the importance of domestic water use 
in the human health, this study was designed to provide 
solutions for domestic water demand management.
System description 

The first step in this phase is determination of the system 
boundary. At this step, one should specifically focus on 
the boundary of the system in which the problematic 
structure is formed. In other words, by explaining sub-
variables (variables affecting the reference variable), one 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/macroeconomics
https://www.sciencedirect.com/topics/social-sciences/demand-forecast
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can find a structure of the model from which real behavior 
of system can be derived. General concept of the model 
is presented in Figure 1. In this study, by examining the 
problems of water resources management with focusing 
on domestic water demand management, variables 
affecting the domestic water demand management at 
different levels were categorized based on the previous 
studies, then, variables affecting domestic water demand 
management were expressed.

Model development
The causal-effect loops diagram of the SD modeling 
represents a comprehensive understanding of the system 
structure, including positive and negative relationships 
between variables. These diagrams are a good tool for 
drawing the feedback structure of systems. The cause-
effect loops diagram of the water resources management 
is presented in Figure 2. 

Stock and flow together with feedback are two essential 
concepts of SD analysis. In fact, stock and flow are 
developed to indicate accumulations and depletions in 
response to flows within the system. The stock and flow 
diagram of the water resources management is presented 
in Figure 3.

Model validation
SD models are always assessed by their particular 
structures (25). Before using the model in scenario 
analysis, it is essential to validate the model structure and 
behavior (26,27). In this study, dimensional accuracy test 
and model behavior tests were used to validate the model, 

which are described below.
Dimensional accuracy test is one of the basic tests that 

should be considered from the beginning of the modeling 
process. In this test, the measurement units for each 
variable produced in the model should be examined. In 
the model development process, the units’ compatibility 
to match the units to each other were investigated. Figure 
3 shows the results of investigation of the dimensional 
accuracy of the final model.

Also, behavior test examines the model outputs. The 
data generated by the model should be compared with 
available data from field studies or system historical data. 
The conventional relative error (RE) and Root mean 
squared error (RMSE) indices were used to test the system 
behavior. The RMSE and RE are defined as follows (28):

( )n 2

i 1
P O
n
i iRMSE =
−

= ∑                                                    (1)

( )P O
100%

O
i i

i

RE
−

= ×                                                       (2)

Where Pi and Oi are the predicted and observed values, 
respectively, and n is the total number of data.

The minimum value of RE and RMSE is zero. One of 
the important parameters in water simulation models 
is the groundwater level. Therefore, this parameter is 
considered as a reference parameter to evaluate the model 
performance.

Analyzed strategies 
In this study, to assess domestic water demand management 
solutions, three following scenarios were utilized:
•	 Population scenarios (based on the Iran National 

Statistics scenarios in population projection)
•	 Water use education scenarios
•	 Agricultural water management scenarios

In order to determine the impact of existing system 
conditions and different scenarios in the future years, the 
model was implemented for 2006-2041. Studied scenarios 
and levels applied to the relevant scenarios for water 
resources management are presented in Table 1.
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Figure 1. General conceptual structure of the model. 

 

Figure 2. Causal-effect loops diagram of the water management. 
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Figure 3. Structure test of the developed model, stock-flow 
diagram . 
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Results 
Model behavior test results
As discussed in the previous sections, model should be 
evaluated before application. Hence, the model results 
should be compared with available historical data. Figure 
4 shows the simulated and observed groundwater table in 
Qazvin province as a case study. 

Model evolution showed that the RE index of the 
developed model was -0.14% and RMSE index was 45.08 
m (groundwater level was 1190 m). These values indicate 
that the model has a good accuracy, therefore, it can be 
used for analyzing scenarios in the study area.

Population projection
Population projections are trying to show how the 
population will change in the future. These projections are 
an important input to analysis the impact of populations 
on this planet and humanity’s future well-being (29). In 
Iran, population projection is done based on the Iran 
National Statistics scenarios in population projection, 
which has four standard scenarios and is described in 
Table 1. In this study, population projection was based 
on these four scenarios. Figure 5 shows estimates and 
probabilistic projections of the total population for Iran 
up to 2041 (compared to its population in 2006). The 
country’s population is expected to reach 1.4 million 
persons at the lowest level in 2041 and about 1.6 million 
people at the highest level. 

Water use per capita
Investigation of the effect of education on water use per 
capita indicated that there is a significant relationship 
between education and water saving in domestic sector. 
In other words, as the awareness and knowledge about 
optimal water use increase, water use per capita will 
decrease. As shown in Figure 6, by providing education 
between 2019 and 2024, the water use per capita from its 
current level (270 L/day) will reach its optimal rate (100 L/
day). After reaching 100 L/day, the system found a goal-
seeking behavior.  The water use per capita fluctuates 
around this optimal rate, 100 L/day, up to 2041.

Discussion
Domestic water use 
In various scenarios of population growth while providing 
education, domestic water use was declined rapidly, and 
the system found a goal-seeking behavior due to the 
water cost feedback and water use education (Figure 7). 
For example, in Qazvin province, as a case study, between 
2019 and 2024, the domestic water use from its current 
level (135.56 MCM/year) will reach its optimal rate (54.6-
60.2 MCM/year in various population growth scenarios). 
But without water use education, domestic water use has 
been decreased with a mild slope.

This is an interesting point that in 2041, different 
population and education scenarios have tended to a 
certain value. This shows that on a long-term horizon, 
population is an important determinant factor in the total 

Figure 4. Model behavior test in the simulation of groundwater 
level.

Figure 5. Population projection in four population growth 
scenarios. 

Table 1. Studied population, education and water management strategies

Scenario category Scenario name Scenario details

Population growth scenarios 
(Based on the Iran National Statistics scenarios in population 
projection)

ps1 Current trend of population growth

ps2 Low population growth rate

ps3 Very Low population growth rate

ps4 Higher population growth rate

Water use education scenarios
wu education Education on water saving in domestic sector

No education No education on water saving in domestic sector

Agricultural water management scenarios
Agriwm1 Current efficiency in agricultural water management

Agriwm2 annually 1% efficiency improvement in agricultural water management

*Total studied scenarios are 16 (4 population scenarios, 2 education scenarios, 2 water management scenarios). 
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domestic water use. Water use management can reduce to 
some extent water use per capita, and further reduction 
may not be hygienically possible. Therefore, in water 
scarcity adaptation projects, particular attention should 
be paid to the population factor. The predicted domestic 
water use in different scenarios in 2041 is presented in 
Figure 8.

Groundwater use 
Figure 9 illustrates the effect of population scenarios 
under water use education, and the agricultural scenario 
was also considered. Among the population scenarios, the 
most likely scenario (ps1 scenario) was examined.

It can be seen that if there was an education on the 
optimal water use in domestic sector, water use per capita 
up to 2024 can reach 100 liters per person per day. However, 
without education even by 2041, this goal is unattainable. 
This illustrates the importance and necessity of education 
and culture. Goal-seeking behavior in Figure 7 shows that 
with water use education, water use per capita is reduced. 
This reduction in water use leads to a decrease in the share 
of household water costs. By reducing the share of water 
cost, water use increases, but with re-education, water use 
decreases to the desired level (Figure 2). The goal pattern 
in system dynamics studies is one of the most interesting 
results.

The “ps3-wu education” scenario is the best one, which 
shows that if population growth decrease and water use 
education is also provided, the lowest domestic water use 
will be achieved up to 2041. But under “ps4-no education” 

scenario, if population growth increases and water use 
education is not provided, the highest domestic water 
use will be achieved up to 2041. These results show that 
one of the reasons for extravagance or non-compliance 
with optimal water consumption patterns can be due 
to the lack of sufficient education about these patterns. 
Due to the imbalance between supply and the growing 
national demand for water, the need for water efficiency is 
important. However, water demand management requires 
knowledge of how water is consumed. Water saving can 
be achieved through direct and indirect education. Given 
that women in the family manage water consumption, 
raising their level of knowledge and awareness related to 
the modification of consumption patterns will be very 
effective, and it can correct short-term effects on both the 
reduction of family water use and the water consumption 
pattern used by other family members. Other researchers 
have also reported that water consumption in households 
that are aware about water consumption is significantly 
lower than that in households with less concern and 
awareness of water consumption (30). The low literacy of 
households has a negative effect on water consumption. 
In other words, by increasing the level of awareness and 
literacy of households through the necessary training, 
it is possible to increase water saving. However, urban 
water consumption has a lower percentage compared 
to agricultural water consumption, but given the high 
costs of domestic water supply, purification, transfer, 

Figure 6. Water use per capita in the education scenarios.

Figure 7. Domestic water use in the studied scenarios. 

Figure 8. Domestic water use in the studied scenarios (2041).

Figure 9. Groundwater use in the studied scenarios.
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and distribution, water saving in this section can have 
significant benefits.

As mentioned earlier, although providing education can 
have a significant effect on reducing domestic water use and 
water use per capita, but when these effects are considered 
for the region’s water resources, optimal agricultural water 
use should also be considered. Agricultural water use 
in the region is very high and has a significant share in 
total groundwater use. If it is not considered and does not 
being paid attention, precise information on groundwater 
consumption cannot be provided. Figure 9 shows that 
groundwater has declined dramatically due to the irregular 
water withdrawal. If serious actions are not taken to reduce 
water use, especially in the main water-consuming sector 
(agriculture), domestic water management alone will not 
solve the water crisis in the region. The results show that 
agricultural water management will play a crucial role 
in improving groundwater status. Water use education 
strategy can help achieve groundwater sustainability. 

Conclusion
Water scarcity challenge is a serious problem in the world. 
This challenge can be intensified with climate change (31). 
So, the study of water scarcity adaptation strategies is a 
necessity for humanity. Investigation of the effect of water 
use education on water use per capita indicated that there 
is a significant relationship between education on water 
saving in domestic sector and water use per capita. In 
other words, as awareness and knowledge about optimal 
water use increase, water use per capita will decrease. One 
of the reasons for the extravagance or non-observance of 
the optimal water use patterns can be due to the lack of 
sufficient knowledge about the above-mentioned patterns. 
With regards to the lack of balance between supply and 
demands for the national water growth, the need for 
productivity in water use is significant. Nevertheless, water 
demand managing requires knowledge about how to use 
water. If water use education strategy is taken, the optimal 
water use in domestic sector can be achieved. With this 
strategy, water use per capita up to 2024 can reach 100 
liters per person per day. However, without education 
even by 2041, this goal is unattainable. This illustrates 
the importance and necessity of education and culture. 
In various scenarios of population growth, by providing 
education, domestic water use has declined rapidly, and 
the system found a goal-seeking behavior due to the water 
cost feedback and water use education. In the period 
between 2019 and 2024, the domestic water use from its 
current level (135.56 MCM/year) will reach its optimal 
rate (54.6-60.2 MCM/year in various population growth 
scenarios). This improvement is about 60% reduction 
in domestic water use. This shows that on a long-term 
horizon, population is an important determinant factor in 
the total domestic water use. Similar studies with system 
dynamics approach in China have shown that the water 
demand is sensitive to the changes in population and 

per capita demand. By implementing integrated Water 
Resources Management measures and improving water 
conservation willingness, water demand could be reduced 
by 17.5% (16). The results of the present study showed 
that there is more improvement potential in the study area 
(Qazvin). One of the main reasons for this improvement 
potential is high water use rate in the current conditions.

Although providing education can have a significant 
effect on reducing the amount of domestic water use 
and water use per capita, in the study area, the optimum 
agricultural water use should also be considered. Regarding 
the high importance of domestic water management in 
the society health and well-being, education on water use 
in this issue, can be proposed as an important priority in 
water resources management. However, the impacts of 
policies proposed by environment, water, and agriculture 
sectors should be analyzed in a systematic view, and cross-
sectoral coordination is an essential key to success (17,18).

Finally, the developed model in the present study can be 
used in various regions for water management strategies 
analysis. In each study area, the regional data such as 
hydrological data and population data should be provided.
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