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A B S T R A C T 
 
Due to its special geographical location, between 25 to 40 degrees north latitude and 

44 to 64 degrees east longitude, Iran is one of the world's arid regions because its 

average annual rainfall is less than one third of the average rainfall in the world (860 

mm). This amount of rainfall is not evenly distributed throughout the country due to 

lack of rainfall, and except for the northern and northwestern regions and to some 

extent in the west of the country, there are fewer permanent rivers. There are areas in 

the country that are not only facing a shortage of surface water, but their groundwater 

is salty. Of course, this water shortage in our country is not related to the present era, 

people have faced water shortages since long time ago. The existence of dams and 

historical dams in the country is a proof of this claim. However, since in the past the 

level of people's expectations was low due to low living conditions, they used water 

and soil resources in a coordinated manner for centuries and obtained the required 

water in different ways. Hence, the problem of water scarcity did not arise. However, 

the main problem was exploiting it. In the present era, on the one hand, there is a 

shortage of usable water, and population growth, water consumption, most 

importantly, rising living standards, machinery and technology growth, raise the issue 

of water need and scarcity.  

  

Introduction 

ynamic play is the repetition of a limited 

number of static games in specific time 

stations (daily, monthly, etc.) where each 

player is aware of the results of the game 

in the past time stations. Consider a dynamic game 

consisting of two players II and I. Suppose that the 

decision of player II and I at time t is DtI and DtII, 

respectively. According to the definition of the 

previous section, Mi is a set of pure i player 

strategies. t is a counter of time stations [1-3]. If we 

show the initial state of the system at station t with 

Rt and also the minimum and maximum possible 

value of the initial state of the system with Rmax 

and Rmin, respectively, then the discrete variable of 

the initial state of the system in month t can be: Rt 

= {Ri | Rmin <Ri <Rmax, I = 1 …… k}, as Shown 

[4-6]. If we represent the outcome of players I, II in 

time station t with PtII and PtI, respectively, the 

outcome of each player is a function of the state of 

D 
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his decision system as well as the decision of the 

rival player: 

 

g and f are the desired outcome functions for 

players I, II, respectively. There will be such 

consequences for players throughout all game 

stations. The optimal decisions of each player 

during the game is a set of decisions that will bring 

him the most profit. In this way, a dynamic stage 

game can be expressed as follows: 

 

Where Ut * II and Ut * I have the highest 

outcome for players II and I, respectively, from 

station t to the final station Tf. Dt * II and Dt * I are 

the balance decisions of players II and I at this 

station, respectively [7-9]. The accuracy to the right 

of the above equations shows that players must 

consider the short-term interests of PtII and PtI in 

choosing the equilibrium decision in stage t, as well 

as the long-term interests of Ut * II and Ut * I. How 

to solve dynamic games In order to solve dynamic 

games, a combination of dynamic programming 

and static games has been used [10-13].  

Dynamic programming is a method widely 

developed by Bellman (1957). Planning starts from 

the end time station (t = Tf). For each possible case 

of the initial state of the system at the end of the 

planning period (RTf = RI …… Rk) and for all 

player decisions (Dei Tf ∈Mi, i = I, II), the outcome 

matrix of players I, II is formed. By solving each of 

the k static games using Equation 2, a balanced 

decision of the players is obtained. Moving 

backwards, at the time station t = Tf -1, for each of 

the possible states of the initial state of the system 

and for all the decisions of the players, their 

outcome is calculated at the time station t = Tf -1. 

Considering that the final state of the period t = Tf 

-1 is equal to the initial state of the next period t = 

Tf and in the time station t = Tf the results of 

players' decisions are calculated if they are in any 

of the initial conditions, so by summing the current 

outcome (Station t = Tf -1) and future outcome 

(station t = Tf) the cumulative outcome matrix of 

players will be created in the period t = Tf -1. By 

solving the game formed in this stage, the players 

make a decision that will lead to the maximum 

result from the station t = Tf -1 to the end of the 

planning period for them. By moving backwards 

until reaching the time station t = 1, the above 

operation continues [14-16].  

Therefore, the players in the first station are 

faced with a consequence matrix whose elements 

are the cumulative consequence of the players from 

the beginning to the end of the game, and from 

solving it, the players' balance strategy in the first 

station will be calculated. The following is a 

dynamic game solving algorithm [17-19].  

 

 

 

 

Scenarios of Players Interacting with Each 

Other  

In this section, based on how players interact 

with each other, their behavior is examined in the 

form of the following three scenarios:  
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Static Game Model without Cooperation 

(Scenario 1)  

In this model, it is assumed that players follow 

myopic policies in determining the amount of 

monthly pumping [20]. In other words, the players 

do not have the ability to foresight and their 

monthly decisions are in order to reach the 

equilibrium point in the same month. Therefore, 

during the operating period, Tf is formed by static 

game independent of each other between players 

[21].  

 

Dynamic Game Model without Cooperation 

(Scenario 2)  

In dynamic stage games, the goal of each player 

is to earn the maximum possible profit while paying 

attention to the equilibrium point and the decisions 

of the rival player. Players in this scenario have far-

sighted policies. The specifications of this model 

are mentioned in detail in Section 3. The following 

equation shows the process of this scenario briefly 

and mathematically. 

 

Formation of Full Cooperation between Players 

(Scenario 3)  

In order to better evaluate the results of 

scenarios 1 and 2 in resolving the differences 

between the operators of the common groundwater 

aquifer, another model was developed with the aim 

of optimizing the exploitation of the groundwater 

aquifer. The objective function of the model is to 

maximize the total profit of the two players during 

the period of operation [22].  

The last relation shows the objective function of 

the optimization model. In other words, in the 

optimization model, instead of assuming the 

existence of two decision makers who each have a 

well (game theory conditions), it is assumed that a 

decision maker such as the government owns both 

wells and that they are formed together in water 

abstraction and intend to maximize the total 

operating income during the operation period [23].  

 

Surface Water Recognition Issues  

To prevent surface water wastage and damage 

caused by them, two infrastructure works are: 1-

Providing manpower 2-Establishment of water 

measuring stations and regular statistics of them 

Today, no construction and infrastructure project is 

possible without the use of statistics in various 

fields, so the statistics used must be accurate and 

reliable, and also the number of statistical years 

must be high. River flow measuring stations in Iran 

have been established, but their number is small and 

their statistical period is short according to the year 

of establishment, but in developed countries, the 

statistical period reaches more than 150 years. In 

our country, the number of stations that have a 

statistic of more than 50 years is very small and only 

includes stations that are on the rivers of Jajrud, 

Laroglipaygano or one or two other rivers [24-26].  

Today, there are many water flow measuring 

stations in the country and it is expanding. Not only 

is the number of stations and the length of the 

statistical period important, but also the accurate 

determination of hydrometric stations which must 

be determined by experts. According to the United 

Nations, 31 countries will face water shortages in 

the near future, and Iran will be named as one of the 

largest countries in the water crisis in the future. It 

is expected that by 2025, more than two thirds of 

the world's population will face severe water 

shortages and the remaining third live in water 

scarcity (Figure 1). In another 50 years, Saudi 

Arabia will be completely empty of water [27-29].  
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Figure 1. Asia and the Pacific | International Decade for Action 'Water for Life' 2005-2015 

The crisis is already looming large in China, 

Africa, India, Thailand, Mexico, Egypt and Iran. 

The world's major rivers, including the Nile in 

Egypt, the Ganges in South Asia, the Yellow River 

in China, and Colorado in the United States, are 

under severe threat. In Iran, the main source of 

rainwater is naturally 252 mm or 413 billion cubic 

meters per year. This is one third of the world 

average (831 mL) and one third of Asia (732 mL). 

About 30% of precipitation is in the form of snow 

and the rest in the form of rain. Thus, while one 

percent of the world's population lives in Iran, Iran's 

share of renewable water resources is only 36 

percent. From 413 cubic meters of annual rainfall, 

269 cubic meters are lost in various forms. 2.93% 

of the remaining water is used for agriculture, but 

in an unprincipled way. 7.1 percent is allocated to 

industry and mining and the rest is used for other 

purposes. Mentioning these percentages is 

important because the water crisis is changing them 

and international organizations warn that with the 

increase in population in Iran in 2025, the country 

will be involved in a serious water crisis. The 

population of Iran was 16 million people and now 

it is over 70 million people, while the amount of 

water remains constant as more water is consumed 

and more water is polluted.  

Tehran does not have a single river, but it has 

three rivers of sewage in which one drowns. Our 

country is located in the Middle East and is poor in 

terms of rainfall. It is true that there is a lot of rain 

in the north, but it rains when it is not needed much, 

and these areas do not have water for three months 

of summer, when it is rice time, so we use 

groundwater even in the rainiest place. While the 

use of groundwater is timely, the high use of 

groundwater has caused its levels to drop 

everywhere (Figure 2). So, in 200 plains, most of 

which are in Khorasan, no one has the right to dig 

wells except to get some drinking water and 

industrial use. The critical consequence that occurs 

in Iran as a result of water scarcity and increasing 

demand is that various sectors of agriculture, 

industry and manpower compete to use this water. 

Another consequence of the water crisis is that the 

same usable resources and rivers become polluted 

and unhealthy, and even the fishing industry faces 

problems [30-33].  

 

Figure 2. Incorporating Potential Severity into Vulnerability Assessment of Water Supply System 



 

 

32 

2021, Volume 2, Number 1 

For example, it is not unreasonable to expect that 

the water of rivers in the north of the country will 

be polluted, especially since the sewage system of 

the northern cities is not developed. This issue has 

attracted the attention of the World Bank to Iran. In 

any case, as the world's population grows steadily 

and needs more food, water resources will dwindle. 

Part of the current crisis in Asia and Latin America 

is due to the industrialization of their societies and 

the disruption of the balance between man and 

nature. In Mexican capital, Mexico City, small 

children sometimes drink Coca-Cola and Pepsi 

instead of water. During the countries water crisis, 

the government cuts off farmers' water to supply 

water to predominantly foreign industries. The 

consequence of such a situation is that the world's 

food security is endangered. Lack of agricultural 

water in a country like China is enough to 

jeopardize this security. China tops the list of 

countries facing the water crisis. Naturally, China, 

due to its huge economic development, 

compensates for the food shortage by importing it, 

but the point is that as a result, food prices in world 

markets rise sharply, and this is a disaster for poor 

countries. Of course, Iran will also be involved in 

the water crisis in the same years, and it is natural 

that with the reduction of agricultural production, it 

will have to supply its food from the world market 

at a high price, and as a result, it will become 

dependent on other countries. Water scarcity, 

population growth, rising living standards and 

health, and an even greater increase in water 

consumption and food shortages in the coming 

decades pose a crisis for Iran, whose outlook is 

already bleak and disappointing. The crisis depends 

on how fast the government acts [34-36].  

 

Figure 3. Five fundamentals to keep Lebanon's water flowing 

Increasing the Vulnerability of Different Water 

Supply Systems  

In many large cities, the rapid pace of increasing 

water needs from the total resources available in the 

area in one hand and the mismatch of peak supply 

with peak consumption on the other hand, has 

doubled the need for more accurate planning to 

meet needs and consumption management. These 

challenges, along with the occurrence of periods of 

dehydration and wetting, as well as crises caused by 

the failure of the supply system, transmission or 

distribution and widespread pollution in the system, 

have increased the need for specific policies and 

system operation. To achieve the above goal, it is 

necessary to increase the readiness of the system to 

deal with critical situations.  

Lack of Integrated Use of Surface and 

Groundwater Resources  

This is especially important in the case of 

groundwater resources. If groundwater resources 

are over-exploited, it will lead to the destruction of 

these resources and groundwater depletion. In many 

aquatic systems, groundwater is not used alone and 

may be available as a supplement to surface water. 

Therefore, integrated exploitation is one of the 
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managerial analyses in the exploitation of water 

resources. Also, lack of proper management has 

caused water resources to be more susceptible to 

pollution than their self-purification capacity. As a 

result, they have lost their potential for various uses 

and are practically unusable. Unfortunately, in our 

country, the optimal use of water as a culture has 

not yet found its special place, so achieving 

"relative balance" in the field of water supply and 

consumption is a basic and necessary principle, 

which is certainly possible with proper planning. 

The set of measures that have been taken so far in 

connection with the supply of agricultural, urban 

and industrial water, is mainly in the field of water 

production and supply management and less 

attention has been paid to consumption 

management. Rapid population growth and the 

growing need for resources and products, especially 

non-renewable resources such as water, require 

governments to plan for controlling consumer 

demand [37].  

Today, water is more important than ever as one 

of the three factors in the formation and survival of 

the environment. Undoubtedly, the preservation 

and protection of water resources and the optimal, 

economical and fair use of water is a global issue 

today, and therefore in the 21st century, water is 

mentioned as a pervasive human challenge. 

Governments and nations are expected to look at 

water as the key to development. Water resources 

remain the same while the population has tripled. In 

this way, the per capita water for the people of the 

world is decreasing, and on the other hand, 

unfortunately, pollutants such as industrial 

effluents, agricultural drains and urban and rural 

sewage pollute water resources and take them out 

of consumption standards [38]. Therefore, the 

optimal use of water resources is very important. In 

addition to the need for optimal operation and in 

order to develop methods to increase the confidence 

of users and managers due to the complexity of 

water resources systems, today the use of models 

has developed a lot and different types of models 

are used in micro and macro decisions of water 

resources systems. In addition to using the existing 

set of models, there are many opportunities and 

challenges for managers and planners who, by 

recognizing them and using them properly, can take 

very effective steps in using up-to-date knowledge 

and applying it in the service of water supply [39]. 

Taking this basic human need into account, 

planning, designing and managing water resources 

systems to achieve sustainable development goals 

in an area requires public participation. All those 

involved in the development and management of 

water resources must always evaluate the effects of 

the system on economic, social, as well as 

environmental changes. To achieve sustainable 

development, the issue of sustainability in all 

aspects of planning, design, construction and 

operation must be considered. Economic and 

environmental analyzes should not only consider 

the stage of development, operation and 

maintenance of the system, but also the possibility 

of its destruction and the need for its replacement.  

Conclusion  

According to the latest studies, 5 billion years 

have passed since the life of the Earth, and evidence 

shows that water has played an important role in the 

evolution and habitableness of the planet as the only 

viable planet since its inception. With the formation 

of oceans and seas and the formation of steam from 

them and the creation of clouds and rain and in 

general the circulation of water in nature and the 

flow of water in rivers and its return to the oceans 

in different ways, early life began with plants and 

lowlife and then excellent plants and animals came 

into being. The earth, which was composed of 

cooled igneous rocks, was continuously affected by 

weathering due to contact with air and atmosphere, 

and simultaneous changes in water, temperature, 

and frost caused the rocks to fragment. The 

floodwaters displaced them, creating vast plains 

covered with soil. This soil cover along with water 

available in nature provided a suitable environment 

for plant growth and a suitable environment for 

human life was prepared. Early humans used water 

only for drinking, and gradually, as civilization 

progressed and over time, they also used it for mills, 

agriculture, and transportation. Simultaneously 

with the development of civilizations, the use of 

water has taken on a new form, so that in many 

fields, from agriculture to industry and most 

importantly, energy production is used from water, 

and today access to sufficient water and appropriate 

quality in time and is a suitable place and considers 

any water shortage as an obstacle to sustainable 

development. Therefore, every year a lot of capital 

is allocated for the development of water resources 

and related projects such as dams and construction 

of irrigation and drainage networks, watershed 
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management, containment. The circulation of water 

in nature, which is called the hydrological cycle or 

water cycle, is the movement and displacement of 

water in different parts under the influence of 

different forces such as gravity, gravity, pressure 

changes and solar energy. This rotation takes place 

in three different parts of the earth, the atmosphere 

(atmosphere) or the hydrosphere or water sphere, 

lithosphere or rock sphere.  

Water runs inside and between these three layers 

in a layer 16 km thick, of which 15 km is in the 

atmosphere and only 1 km is inside the lithosphere. 

The hydrological cycle is actually a cycle without 

beginning and end, in which water evaporates from 

the surface of the seas and lands and enters the 

atmosphere, and then the water vapor entering the 

atmosphere re-evaporates into the atmosphere 

through various processes, and then again. Water 

vapor entering the atmosphere during various 

processes in the form of precipitation falls on the 

surface of the earth or on the surface of the seas and 

oceans. So precipitation can be encountered in three 

ways:  

1. Before reaching the ground, they are taken by the 

leaves of plants. 

2. They flow on the ground.  

3. They penetrate into the soil. Some of the water 

that penetrates into the soil either returns to the air 

due to evaporation or enters groundwater sources, 

which eventually reappears on the surface through 

springs or seepage into rivers.  

In all these cases, water completes the hydrological 

cycle or circulation of water in nature by 

evaporating and returning to the atmosphere. 
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