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Abstract

The operation of reservoirs has become more important due to
the increase in water consumption, the climate change impacts,
and the geography of Iran. In this study, Yamchi reservoir
(Ardabil, Iran) operation is simulated using system dynamics
model in the Vensim software environment. The optimum
cropping pattern is then proposed based on the virtual water
concept, strategic role of products to supply public demands,
increased financial benefits, storage ability (in terms of time),
and water requirement of products. Next the reservoir
operation is assessed in system dynamics model applying the
management policy of the optimum cropping pattern and based
on three kinds of performance criteria including vulnerability,
resiliency, and reliability. The results showed that applying this
policy will decrease the water shortages by 43% compared to
the business-as-usual status for the period 1388-1410 (2009-
2032). The results of sustainability analysis also showed the
increase in sustainability indices by applying the optimal
cropping pattern. Finally the comparison of the results
indicated that the proposed policy were effective and practical
in reservoir operation improvement.
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Fig. 1- Schematic Diagram of the Water Supply and Demand for Yamchi Reservoir (ARWMC, 2013)
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Table 2- Sustainability Criteria to Evaluate the Dynamic Model of Yamchi Reservoir
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Performance Criteria

Equation

Reliability

Resiliency

Rel =1 —

number of satisfactory values

number of total time series

number of times a satisfactory value follows an unsatisfactory value

Res =

number of unsatisfactory values

_sum of the positive values of difference between satisfactory values and threshold value

Vulnerability Vul =

Sustainability

number of unsatisfactory values

Sustainability = Rel X Res X |1

Vulnerability
Y Vulnerability
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Table 3- Virtual Water for the Selected Crops
S5lme S ylale 5 e Y gz Y Jga

Virtual Mean Water

Crops \Water Requirement Performance RS_allesi RPrlce Water Cost Value of
3 3 (kg/ ) ( ial( )/k ) (Rlal(IR)/ 3) Each Crop
( / kg) ( / ha) ha 5 m

Wheat 0.62 2560 4145 14500 23477 0.74
Barley 0.52 1860 3600 9200 17806 0.64
Maize 1.02 6050 5907 9600 9374 0.44
Forage Corn 0.09 4040 43746 1100 11911 0.62
Peas 3.15 3480 1104 22200 7046 0.48
Bean 2.79 2900 1041 21000 7538 0.54
Potato 0.18 5360 29120 3600 19558 0.63
Onion 0.18 5950 32992 2400 13308 0.46
Tomato 0.14 4770 34911 6000 43913 0.51
Watermelon 0.09 3200 36208 3500 39603 0.53
Cucumber 0.23 3500 15125 5000 21607 0.39
Beet 0.18 7970 43327 2700 14678 0.53
Apple 0.62 4960 7953 6600 10582 0.39
Grape 0.99 4840 4907 10000 10139 0.28
Apricot 0.72 4130 5758 10000 13942 0.25
Pear 0.83 4960 5956 4500 5404 0.22
Sour cherry 1.54 4570 2975 8500 5534 0.23
Cherry 1.27 4570 3612 9000 7114 0.25
Walnut 6.64 5760 220000 33140 0.44
Peach 0.76 6890 9061 8500 11178 0.25
Cotton 2.01 5540 2754 25500 12675 0.52
Sunflower 3.37 4290 1272 21500 6377 0.44
Melon 0.17 3710 21791 3500 20558 0.38
Soya 3.61 6580 1824 19700 5462 0.46
Alfalfa 0.89 5540 6197 8000 8949 0.63
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Table 4- Optimum Crop Pattern and the Profit of Each Crop (10° Rials/ha)
(HUS 1Ly (ygebeo) (2eoly 45w C¥ guaeo Aty CulS 525 e 9 39w —F Jgo>

Crops Mean area of Optimum Crop Profit of Mean area of Profit of Optimum
tillage(ha) Pattern(ha) tillage(10°Rials) Crop
Pattern(10°Rials)
Wheat 1750 2000 41116.65 1169.5
Potato 2564 2534 48543.42 55477.94
Alfalfa 390 200 595696.72 58899.41
Barley 352 100 645141 3308.54
Sum 5056 4834 118708.20 118855.39
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Table 5- Reduction in Shortages by Applying the
Optimum Crop Pattern

CuiS int 5571 JLos] L 39005 SIS (300 -0 Sy

Shortages Reduction in Shortages (in
Percent)
Agriculture shortage 48.96
Domestic Shortage 35.72
Industry Shortage 24.6
Environmental a7
Shortage
Total Shortage 43.45
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Table 6- Sustainability Criteria to Evaluate the Management Policies in the Yamchi Reservoir Model
ol dw Jao 43 (S e Cuwlew Jlosl (2151 55 (5 by (sl lre —F Joaa

Scenarios Reliability  Resiliency  Vulnerability Sustainability
Status Quo 0.7681 0.2031 3.7528 0.1407
Optimum crop Pattern 0.8586 0.2051 3.9535 0.1579
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