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Abstract

System dynamics is a management approach that has been used in recent years for simulating water
resources systems. In this study, an attempt was made to simulate the water resources status of the Molla
Sadra Dam basin (located in the north of Fars Province, southern Iran) using the system dynamics approach.
For this purpose, the economic subsystem, groundwater level fluctuations, groundwater volume changes,
surface water, and the overall system were examined using VENSIM software. The performance of the
upstream and downstream aquifers of the Molla Sadra Dam and the Molla Sadra Dam reservoir was
simulated for the years 2009 to 2020. Accordingly, twelve different scenarios (management options) were
proposed. The results of evaluating the different management options showed that if rice cultivation is
eliminated and replaced with sesame cultivation, the income of farmers in the downstream area of the Molla
Sadra Dam would increase by 54% (Management Option 11). Under this management option, the average
annual income of farmers downstream of the dam would be 114 million Tomans. With this management
option, it is possible to cultivate the same cultivated areas currently under cultivation in the downstream
regions of the dam while consuming less water.

Introduction

In recent years, the system dynamics method has been used to simulate complex water resources systems.
In this method, attention is paid to the dynamic relationships between the quantitative and qualitative features
of water and even socio-economic issues, and the desired system can be easily simulated without the need
for complex mathematics. The system dynamics method is an object-oriented and feedback-based simulation
method that, in addition to describing complex systems based on reality, can provide the possibility of
effective user involvement in model development and gaining his confidence during the modeling process.
System dynamics models have the ability to accurately recognize the events that happen in the outside world
and simulate them, and then identify and present effective policies, as well as examine and observe the effects
of these policies in the model. to eliminate the lack of effect of the policies that have been implemented in
the country so far. Therefore, it is useful to use a systemic approach in the field of understanding the reasons
for the ineffectiveness of the policies applied to the control groundwater level. The main goal of this study
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is the integrated modeling of water resources in the upstream basin of Mulla Sadra Dam. In this regard, the
effects of different scenarios on the status of water resources in the catchment area were investigated.
Choosing the best scenario in order to reduce the excessive drop of the groundwater level in the short term
and in the direction of the balance and stability of the water resources of the region was another objective of
the study.

Methodology
Area of study

Tashk-Bakhtegan and Maharlu watersheds with an area of 31451.8 square kilometers are located in Fars
province. The catchment area of Mulla Sadra Dam, a part of Tashk-Bakhtegan and Maharlu basins, is located
in the north of Fars province with an area of 2254 square kilometers. The catchment area of Molla Sadra
Dam is located in two subbasin, Aspas and Khosro-Shirin. In the studied area, there are two aquifers,
Khosroshirin and Aspas. In terms of altitude, the highest point of the basin is 3495 meters high and the lowest
point of the basin is 2061 meters above sea level.

Data preparation

The data of this study, including precipitation data, temperature and observation well data, were obtained
from Fars Province Regional Water Company. The data of the cultivated area, the dominant crop of the
region, were obtained from the Agricultural Jihad Organization of Fars Province. The GIS software and
kriging method were used to draw the maps. Monthly rainfall and isotemperature maps were drawn for the
study area.
Modeling

In this section, economic subsystems, groundwater level changes, groundwater storage changes, surface
water, and the whole system (which includes all the components related to Mulla Sadra Dam) are presented.
These subsystems are connected in VENSIM software as a cause-and-effect relationship.

Results and Discussion

The simulation of the performance of upstream and downstream aquifers of Molla Sadra Dam and the
reservoir of Molla Sadra Dam during the years 2008 to 2019 was investigated. The model was then evaluated
for a ten-year horizon. For this purpose, twelve different scenarios were presented. Economically, different
scenarios based on the income of all farmers are presented in Table (1). Based on this table, scenario 11 is
the best scenario because it is expected to have more income for all the farmers downstream of Mulla Sadra
Dam.

Table 1- Income of farmers of each region (in billion Tomans per year) in different scenarios
Different scenarios
Area 1 2 3 4 5 6 7 8 9 10 11 12
245 245 129 21 129 245 245 245 245 245 245 129
50 50 07 62 07 50 50 50 50 50 50 07
263 263 132 26. 132 263 263 263 263 263 263 132
9 9 .6 4 .6 9 9 9 9 9 9 .6
Downstream 594 298 578 48 289 381 679 659 594 627 916 890
Molla Sadra dam 9 i .0 6.1 3 .8 3 1 9 .0 4 .5

Aspas

Khosro-shirin

Conclusions

Among the scenarios of changing the cultivation pattern, scenario number 7 has more income, but
because planting apple trees consumes more water, scenario number 8, which is changing the pattern of rice
cultivation with sesame, is known as the best scenario related to changing the pattern of cultivation. The
results of the investigation of different scenarios showed that if rice is not cultivated completely, and is
replaced with sesame, the income of the farmers in the downstream area of Molla Sadra dam can be increased
by 54% (scenario 11). In this scenario, the income of farmers downstream of Mulla Sadra dam will be 114
million per year on average. The results showed that changing the cropping pattern with apple, sesame,
rapeseed, and sunflower crops respectively have more income. So that among them, sunflower has the lowest
income for farmers. Therefore, according to these scenarios, it is recommended to change the cultivation
pattern of sesame instead of rice.
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Table 1- Sub-basins and aquifers in the study area
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Table 2- Prices and production of different products

Area Products

Main

Crop production (tons per hectare)

By-product

Price production
(million Tomans per hectare)

Alternative  Main  By-product  Alternative

Wheat 5.0

11.5

Aspas Types of

beans

-------- 40.0

Wheat and

Barley

Khosro-shirin Apple 20.0

Types of
Beans

-------- 40.0

Downstream
of Molla Sadra
Dam

Rice 3.0
Wheat

Apple

Sesame

Sunflower

Canola
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Table 3-Various costs for one hectare of land during one year

Costs Different situations  Price (million Tomans per hectare per year)
The cost of seeds, fertilizers, and Wheat 3.0+2.0+1.0
fertilizers Rice 10.0+3.0+2.0
The cost of land preparation Wheat 5.0+5.0
(land bed and plowing) Rice 5.0+5.0
The cost of harvesting Wheat 1.5
machinery Rice 7.0
Labor cost Wheat 5.0
Rice 15.0
Cost per MCM unit of water Groundwater 0.5
From the Dam 1.0
Additional costs Wheat 2.0
Rice 2.0
Total costs Wheat 25.0
Rice 50.0

dilain 53 ol ST DY guamo Culild 9 9 CblT Olo) (2T b ¢ S
Table 4- Water requirement, time of planting and harvesting crops grown in the region
Water requirements

Product 3 Planting time Harvest time Duration (months)
(m°/year)
Rice 25000 July October 4
Wheat 7000 November June 8
Barley 6500 November June 8
Apple 11500 April November 8
Sunflower 6200 June October 5
Sesame 3900 July November 5
Beans 5400 June October 5
Canola 4500 March October 8
crop yield per hectare of
1abor cost Aspas i e main product Aspas
cost per MCM Aspas
water Aspas
warer cost \ cost of capital and land ‘price of by product
[ Aspas / lease Aspas / Aspas
\ Income
y g Aspas
\M e SR R i <\\cmp yield per hectare of
by product Aspas
machine cost
cost of producting Aspas price of new product
inpts Aspas fspes crop yield per hectar of
new product Aspas
other cost
Aspas

Fig. 3- Economisc ub-system for Aspas aquifer
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Fig. 4- Sub-system of groundwater level changes for Khosr-oshirin aquifer
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Table 5- Comparison of the results of different scenarios
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Table 6- Income of farmers of each region (in billion Tomans per year) in different scenarios
Different scenarios

Area 1 2 3 4 5 6 7 8 9 10 11 12
Aspas 24550 24550 12907 2162  1290.7 24550 24550 24550 24550 24550 24550  1290.7
thsro- 2639  263.9 1326 264 1326 2639 2639 2639 2639 2639 2639 1326
shirin
Downstrea
m Molla 5949 2987  578.0  486.1 2893 3818 6793  659.1 5949  627.0 9164  890.5
Sadra dam
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