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Abstract 
 

To address farmers’ as well as water resources and environment managers’ 
opinions, it is necessary to develop the optimal cropping pattern models for 
maximizing farmers’ benefits, reducing nitrogen leaching, and improving the rate 
of aquifer recharge by applying quantitative-qualitative conjunctive use of 
unconventional surface water (reclaimed wastewater) and groundwater. In this 
research, the developed models (nonlinear programming (NLP) and particle 
swarm optimization (PSO)) were run in Varamin Irrigation Network for water 
year 2012-2013. The results of solving 3-objective nonlinear programming (NLP)  
model showed that by improving the net benefit of cropping pattern optimization, 
water productivity and aquifer recharge by about 6%, 22% and 29% led to 
reduction of conjunctive withdrawals of wastewater and groundwater and 
fertilizer consumption by about 13% and 85%. Also, the results of solving 3-
objective model by Particle Swarm Optimization (PSO) algorithm showed that by 
improving the net benefit of cropping pattern optimization, water productivity and 
aquifer recharge by about 7%, 49% and 30%, conjunctive withdrawals of 
wastewater and groundwater summation and fertilizer consumption decreased by 
about 35%, 88%, respectively. Comparison of the results of the values of 
objective functions in different scenarios by NLP and PSO methods showed a 
difference of about 0.002% to 0.01%. So, heuristic algorithm (PSO) has very little 
difference with NLP and has great ability in providing optimal results. The results 
of this research could be applied to the optimum use of water resources, 
increasing farmers’ benefits and decreasing nitrogen leaching in other irrigation 
network projects. However, it is to be emphasized that use of wastewater for 
irrigation of food crops for human and domestic animals is not recommended and 
full compliance with standards and regulations in applying reclaimed waste water 
in agriculture, is necessary and binding. 
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