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Abstract

The water crisis caused by rapid population growth,
unbalanced economic development, climate change, and
inefficient water resources management is recognized as the
most significant threat in the recent century. Groundwater
resources, as one of the most important water resources
available, have faced many challenges in recent years so that
currently 404 out of 609 plains of the country have been
declared as prohibited plains. The agricultural sector, as the
main consumer of groundwater, has played a major role in
creating this crisis. In this research, the impacts of different
non-strategic crops on groundwater level and farmers’ income
have been investigated using long term system dynamics. The
Qazvin Aquifer, which has been declared a prohibited plain
since 1962, was picked as a case study. After collecting and
preparing the time series data, the 15- year causality model was
built up using Vensim PLE software, which then was
calibrated using a genetic algorithm. The results showed that
the transfer of water from Taleghan dam to Qazvin Plain
helped to reduce ten meters of drawdown during a 15-year
period. Also the impact of 17 different crops on groundwater
level and farmers’ net income were researched for Qazvin
Plain. The results showed that farmers’ income is most
sensitive to grape cropping area with a high economic water
footprint, while groundwater level is most affected by the
wheat cropping area. Next, the influence of the removal of non-
strategic crops with high water demands was evaluated in the
plain and removing non-strategic crops was selected as optimal
scenario by applying four conflict resolution methods in
symmetric conflicts.
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Fig. 1- The location of water resources, climate zone and orchard and farming lands in Qazvin Plain
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Table 1- Character of scenarios
gy b Slasein - Joao

NO. Character of scenario Scenario
1 Actual condtion SO
2 Remove allocated water from Taleghan Dam S1S
3 Increase allocated water from Taleghan Dam by 10 percent S2S
4 Increase allocated water from Taleghan Dam by 30 percent S3S
5 Increase allocated water from Taleghan Dam by 50 percent S48
6 Increase allocated water from Taleghan dam used for Qazvin Aquifer recharge by three times S5S
7 Increase allocated water from Taleghan dam used for Qazvin Aquifer rechargbe by three times S6S
8 Remove tomato from the cropping pattern Si1cC
9 Remove water melon and melon from the cropping pattern Ss2C
10 Remove potato from the cropping pattern S3C
11 Remove cucumber from the cropping pattern S4C
12 Remove barely from the cropping pattern S5C
13 Remove cotton from the cropping pattern S6C
14 Remove onion from the cropping pattern S7C
15 Remove non-strategic crops from the cropping pattern S8C
16 Remove tomato, water melon and melon from the cropping pattern SoC
17 Remove cucumber, tomato, water melon and melon from the cropping pattern S10C
18 Remove cucumber, potato, tomato, water melon and melon from the cropping pattern S11cC
19 Jahad-agriculture office’s proposed cropping pattern S12C
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Table 2- Statistical indicators of system dynamics model after and before calibration
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Statistical index

After calibration

Before calibration

MSE 3.07 1992.717
R? 0.97 0.34
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Fig.

Simulated groundwater level (m)

6- a) The observed and simulated unit hydrograph of groundwater level and b) The linear regression

between observed and simulated unit hydrograph of groundwater level during 15 years
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Fig. 7- Sensitivity analysis of groundwater level in response to changes of croplands by 1.25 to 0.75 times the
current situation with £5 % increments
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Fig. 8- Ranking cropland, water requirement and sensitivity analysis of groundwater level of agricultural
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Fig. 9- Sensitivity analysis of Farmers’ income in response to changes of croplands by 1.25 to 0.75 times of
the current situation with £5 % increments
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Fig. 11- Changes in groundwater level (a) and farmers’ income (b) after applying different scenarios of the
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Table 3- Farmers’ income and groundwater drawdown for different scenarios of cropping pattern during 15
years
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Scenario The percentage of net income deficiency (%) Groundwater drawdown (m)
S0 0.00 20.80
sicC 11.24 16.89
S2C 4.02 18.54
S3C 1.20 19.63
s4C 1.20 20.32
S5C 10.04 13.58
S6C 0.00 20.13
s7C 0.00 20.56
S8C 28.51 4.83
SoC 15.26 14.63
S10C 16.47 14.14
S11C 18.07 12.97
s12C 43.78 -26.74
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Table 4- Computational results of the four methods with varying weight selections
Gyl g Cpod] an > b GBS Jo ilises sl gy 51 Olawlxo gl -F Jouo

Area monotonic solution

Kalai-Smorodinsky solution

Economics Groundwater  Scenario Change in Decrease in Scenario Change in  Decrease in
weight level weight farmers’ drawdown farmers’ drawdown
income (%)  groundwater income (%) groundwater
(m) (m)
0.10 0.90 S8C 71.35 15.97 S8C 71.35 15.97
0.20 0.80 S8C 71.35 15.97 S8C 71.35 15.97
0.30 0.70 S8C 71.35 15.97 S8C 71.35 15.97
0.40 0.60 S8C 71.35 15.97 S8C 71.35 15.97
0.50 0.50 S8C 71.35 15.97 S8C 71.35 15.97
0.60 0.40 S5C 90.00 7.22 S8C 71.35 15.97
0.70 0.30 S5C 90.00 7.22 S8C 71.35 15.97
0.80 0.20 S5C 90.00 7.22 S11C 81.84 7.83
0.90 0.10 S5C 90.00 7.22 S1i1C 81.84 7.83
Equal loss solution Nash solution
Economics Groundwater Scenario Changein  Decrease in  Scenario Change in  Decrease in
weight level weight farmers’ drawdown farmers’ drawdown
income groundwater income (%) groundwater
(%) (m) (m)
0.10 0.90 S8C 71.35 15.97 S8C 71.35 15.97
0.20 0.80 S8C 71.35 15.97 S8C 71.35 15.97
0.30 0.70 S8C 71.35 15.97 S8C 71.35 15.97
0.40 0.60 S8C 71.35 15.97 S8C 71.35 15.97
0.50 0.50 S8C 71.35 15.97 S8C 71.35 15.97
0.60 0.40 S8C 71.35 15.97 S8C 71.35 15.97
0.70 0.30 S1i1cC 81.84 7.83 S8C 71.35 15.97
0.80 0.20 S5C 90.00 7.22 S11C 81.84 7.83
0.90 0.10 S2C 95.68 2.26 S5C 90.00 7.22
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