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Introduction

One of the most critical challenges of the twenty-first century is to resolve water crisis. This crisis
is characterized by scarcity of water, the destruction of natural ecosystems, and food shortages. In
spite of extensive efforts made to ensure food security, human societies still have trouble feeding
their populace. This problem is most likely due to their inability to access healthy and safe water

resources (Kijne, 2003). The solution to the water crisis can be expressed as better development

and proper management of water resources systems. Various technical and managerial solutions
should be taken such as upgrading and improving irrigation systems, introducing new irrigation
methods, deficit irrigation, optimizing the cropping pattern, improving the efficiency of irrigation
networks, etc. to improve water productivity in agriculture. The system dynamics methodology is
a modeling and simulation technique and is specially designed for long-term, chronic, and dynamic
management issues (Vlachos et al., 2007). Crop pattern scenarios, crop production, and agricultural
pollution in a region in southern Turkey have been studied by Saysel et al. (2002) with a system
dynamics approach. Also, the system dynamics approach was applied in the study of integrated
water management at the catchment scale by Soltani and Alizadeh (2017). In this study, the systems
dynamics approach, which is a suitable method for studying complex water systems, was applied
in water productivity investigation in the Qazvin irrigation network.

Methodology

The irrigation network of Qazvin Plain with an area of 80,000 acres is gross, has 94 kilometers
long, which extends from the area of Ziyaran and leads to the territory of the Takestan. The average
of irrigation network area width is about 7.8 km. This network mainly covers the lands of Qazvin,
Abyek, as well as part of the lands of the Takestan and Buinzahra counties. For modeling, the
Vensim programming environment, a tool for modeling in a dynamic system and object-oriented
feedbacks has been used. The stoke and flow diagrams design is one of the elementary steps in the
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development of a simulation model based on the theory of system dynamics. In fact, stokes are
system aggregations and indicate the status of the system, and the decisions and activities of the
system are based on them. The flows also show the rates of change, indicating the processes that
fill or vacate the stoke variable. The studied strategies and scenarios in the research were included
"modern irrigation systems development scenarios", "Patterns of Cropping Scenarios™ and "deficit
Irrigation”.

Results and Discussion

Although, in all agricultural crops, by changing the irrigation system from surface to sprinkler,
physical water productivity has increased. However, by changing the irrigation system from
surface to sprinkler, a different trend has occurred in the economic water productivity. For instance,
in the case of corn, tomato, canola and chickpea, the change in the system (from surface to
sprinkler) has led to an increase in the economic water productivity. However, in the anther study,
results were the same.

The crop pattern scenarios 4, 7 and 8 (CPS 4, CPS 7 and CPS 8) had the highest physical water
productivity, successively. Crop pattern scenarios 8, 4 and 1 (CPS 8, CPS 4 and CPS 1) had the
highest economic water productivity, successively. The highest and lowest volumes of annual
required water in the network in different combined scenarios were related to CPS3-FI-MIDS15%
and CPS 8-DI 60%-MIDS45%, respectively, and equal to 11738 and 2761 cubic meters per hectare.

Conclusions

The results of the study showed that the system dynamics approach could be applied to
investigation of different irrigation systems, irrigation systems development and crop pattern
scenarios on water productivity. Therefore, the replacement of surface irrigation systems with
sprinkler systems based on the physical water productivity at the farm level is an effective solution.
However, this irrigation system change has different effects on the economic water productivity
regarding crop type. In addition, the evaluation of different strategies on physical and economic
water productivity showed that the effect of applying the productivity measures at the farm and
network-level does not necessarily have the same results. The development of pressurized
irrigation at the network level increases the physical water productivity and can led to economic
productivity increase or decrease, depending on the crop pattern and deficit irrigation scenarios.
The maximum and minimum required water in the network in different combined scenarios were
11738 and 2761 (m3/ha), respectively. The economic water productivity at the irrigation network
level in CPS 8 and CPS 4 crop pattern scenarios increased by 51% and 25.2%, successively,
compared to the economic water productivity of the CPS1 (current crop pattern). The physical
water productivity of the irrigation network in the CPS 4, CPS 7, and CPS8 increased by 35.4%,
35.1%, and 27.3%, respectively, in comparison to current physical water productivity. Regarding,
the fact that crop pattern has a significant effect on the economic and physical water productivity
at the network level, strength implications should be taken for controlling the pattern of cultivation.
These arrangements can be educational, institutional, or regulating approaches.
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Table 1- Solutions, levels and mark acronyms

Row Solutions Extraneous Plans and scenarios Abbrewat!on*s
parameter for scenarios
Apply deficit  deficit Full Irrigation Fl
1 irrigation irrigation  Deficit Irrigation 20% DI 20%
ratio Deficit Irrigation 40% DI 40%
Deficit Irrigation 60% DIl 60%
Modern irrigation Ratio Modern Irrigation System MISD 15%
Irrigation system Development 15 %
System ratio in Ratio Modern Irrigation System  MISD 25%
2 Development  network Development 25 %
Ratio Modern Irrigation System  MISD 35%
Development 35 %
Ratio Modern Irrigation System  MISD 45%
Development 45 %
crop pattern  crop Common crop pattern CPS1
scenario pattern Common cropping pattern without fallow CPS 2
Assign fallow to strategic products (Wheat, CPS3
corn, and forage)
Assign fallow to valuable products (rapeseed, CPS4
tomatoes)
Assign fallow to products with less water CPS5
consumption (wheat, barley, peas, lentils,
rapeseed)
Assigning the levels water high consumption CPS 6
3 products to the minimum and assigning
reduced levels to other products (wheat,
barley, chickpea, lentils, rapeseed)
Assigning levels for products with lower CPS7
physical water productivity to products with
higher physical water productivity (sugar
beet, beans, potatoes, tomatoes, corn and
Assigning levels for products with lower CPS8

economic water productivity products with
higher economic water productivity (rapeseed
and tomatoes)

* FI: Full Irrigation, DI: Deficit Irrigation, MISD: Modern Irrigation System Development, CPS: Crop Pattern Scenario.
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Fig. 3- Physical network water efficiency in different scenarios of cultivation pattern in full irrigation
mode
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Fig.7- Changes in economic water productivity in under deficit irrigation scenarios and development
of irrigation systems in crop pattern 8

A oslod culs” (6951 53 5Lid coni (ST Arwgl 9 Sl Tas™ (S g sluw 13 (SILaB! DT (5390 s O ki —Y IS

8000 -
7000 -
6000 -
5000 -
4000 -
3000 -

2000 -

EconomicWater Productivity Network (kg / m 3)

1000

- - o o o= = =
/———
-—

-—
-

—‘—
-
/

FI MIDS 15% e= e= D] 20% MIDS 15%
DI 40% MIDS 15% == == = D] 60% MIDS 15%

MIDS 15% MIDS 25% MIDS 35% MIDS 45%

Modern Irrigation System Development scenario

Fig. 8- Changes in economic water productivity in under deficit irrigation scenarios and
development of irrigation systems in crop pattern 1
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Table 2- Required water per hectare of crop pattern in different treatments (cubic meters per year)

Crop pattern scenario

Compact scenarios deficit irrigation and

pressurized irrigation System Development

FI MIDS 15%
FI MIDS 25%
FI MIDS 35%
FI MIDS 45%
DI 20% MIDS 15%
DI 20% MIDS 25%
DI 20% MIDS 35%
DI 20% MIDS 45%
DI 40% MIDS 15%
DI 40% MIDS 25%
DI 40% MIDS 35%
DI 40% MIDS 45%
DI 60% MIDS 15%
DI 60% MIDS 25%
DI 60% MIDS 35%
DI 60% MIDS 45%

CPS1 CPS2 CPS3 CPS4 CPS5 CPS6 CPS7 CPS8
8065 10992 11738 11001 10442 7945 8962 8178
7646 10420 11127 10428 9898 7532 8496 7752
7226 9848 10516 9856 9355 7119 8030 7327
6807 9277 9906 9284 8812 6705 7564 6901
6452 8794 9390 8800 8353 6356 7170 6542
6117 8336 8902 8343 7919 6026 6797 6202
5781 7879 8413 7885 7484 5695 6424 5861
5445 7421 7925 7427 7050 5364 6051 5521
4839 6595 7043 6600 6265 4767 5377 4907
4588 6252 6676 6257 5939 4519 5098 4651
4336 5909 6310 5914 5613 4271 4818 4396
4084 5566 5944 5570 5287 4023 4538 4141
3226 4397 4695 4400 4177 3178 3585 3271
3058 4168 4451 4171 3959 3013 3398 3101
2891 3939 4207 3942 3742 2847 3212 2931
2723 3711 3962 3714 3525 2682 3025 2761
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