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1 - Genetic Expression Programming, GEP
2 - Genetic Algorithm, GA

3 - Genetic Programming, GP
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5 - Autoregressive integrated moving average
6 - Autocorrelation function

7 -Partial autocorrelation function
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Abstract

Groundwater is the main resources of irrigation water for various crops growing in the Iran. Continuous
utilization of this resource has led to a significant decline in groundwater level. The optimal and sustainable
application of groundwater resources in east the Urmia Lake is essential and important from the view point of
water resource management. Quantifying the current and projecting consumption are the first step for the
initiation of sustainable utilization of groundwater. Due to the potential of modeling and projecting behavior of
phenomena in water engineering, this study aimed to analyze the fluctuation of groundwater level in the east of
the Urmia Lake. In this study, groundwater levels for 45 years with methods of genetic expression programming
(GEP) and time series (TS) were modeled and evaluated. Groundwater level data during 1986-2021 was applied
for modeling and testing; during 2022-2031 applied for future study, respectively. Then, the model of GEP with
three genes was recognized as the most appropriate model. Evaluation criterion for optimum model were as
RMSE-= 0.26, MSE= 0.07, RAE= 0.58, RSE=0.26, RRSE=0.52, r=0.87 and R’= 0.76. Results showed that
since 1986, the groundwater level was reduced about 11.2 m. Several scenarios for groundwater balancing
scenarios starting from 2021 were considered to reduce the effects of the decreasing trend of water level and
optimal management of groundwater consumption. Relative to the 1986, the cumulative reduction of the water
levels at the end of year 1410 will be 12.6 m in case of current trend of consumption; and 11.4m, 10.7 m, 10.1 m
in case of water balancing as 10%, 15% and 20%, respectively. Improving cultivation patterns with crops
having relatively low water requirement, leveling of lands and suitable deficit-irrigation scheduling are the
solutions that could balance the water levels in the region.

Keywords: Genetic expression, Groundwater, Groundwater fluctuations, Shabestar plain, Groundwater
Resources, Moving average model.
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