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Figure 1. Location of Nazloochai basin and studied wells.
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Table 1. Statistical characteristics of piezometric wells used in the Nazloochai basin in the period of 2004-2016.
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Zone 38 Zone 38 Mean of water level (m) No. Piezometer
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Figure 2. Groundwater level changes in the study area (2004).
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Table 3. Results of the evaluation of efficiency and error of multivariate regression method in estimating
annual groundwater level data.

Nash RMSE “ % Nash RMSE " Nash RMSE “ "% Nash RMSE 7 7%

Well Well Well Well
0.896 0.21 16 0.948 0.15 11 0.992 0.04 6 0.999 0.04 1
0.939 0.26 17 0.997 0.03 12 0.992 0.51 7 0.936 0.08 2
0.973 0.15 18 0.980 0.12 13 0.986 0.06 8 0.998 0.06 3
0.999 0.01 19 0.999 0.03 14 0.942 0.09 9 0.999 0.10 4
0.999 0.04 15 0.974 0.11 10 0.999 0.02 5
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Figure 4. Results of zoning the 12-class entropy index values for monitoring the groundwater quantitative network.
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Table 4. Areas covered by the ITI index.
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Table 5. Ranking of studied stations according to N(i) index.

Ni o Ni o Ni o
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0.00 15
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Table 6. Results of hybrid model efficiencyin groundwater simulation of Nazloochai basin.

Nash RMSE E. Nash RMSE S

(m) Well (m) Well
0.959 0.131 11 0.994 0.105 1
00692 0.093 12 0.880 0.104 2
0.992 0.074 13 0.994 0.103 3
0.995 0.081 14 0.998 0.128 4
0.995 0.133 15 0.983 0.089 5
0.988 0.074 16 0.962 0.087 6
0.985 0.128 17 0.999 0.071 7
0.994 0.069 18 0.952 0.104 8
0.779 0.116 19 0.847 0.084 9
0.985 0.086 10
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Figure 5. Precision results of CARMA-ARCH hybrid model to modeling the annual groundwater levels in

Nazloochai Plain during 2004-2021 for Pizometer No.
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Table 7. Areas covered by the ITI Index in Basin area in the two studied statistical periods.
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Table 8. Ranking of stations in the region based on N(i) index in the updated statistical period.
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Abstract

Background and Objectives: The design of qualitative and quantitative monitoring systems for
water resources has always been one of the most complex issues in the field of water resources
and the environment. To protect the water resources at each basin, continuous and constant
monitoring of water resources is a necessity and in this research, it is done using the entropy
theory. In this study, the prediction of groundwater monitoring network in the Nazloochai Basin
located in the west of Lake Urmia Basin using time series hybrid models was considered in
terms of temporal and spatial distribution.

Materials and Methods: In this research, the entropy theory was used to monitoring the water level
network in two historical and updated statistical periods (2001-2016 and 2016-2021, respectively).
The updated statistical period was developed using hybrid time series models (CARMA-ARCH).
After initial data analysis, the data were simulated to create the interaction of piezometers with
multivariate regression. After confirming the accuracy of the multivariate regression model, entropy
indicators were calculated and zoned on the Nazlouchai plain. After evaluating the groundwater
network monitoring during the statistical period of 2001-2016, the Nazlochai plain groundwater
network monitoring was updated for the statistical period of 2016-2021.

Results: The results of the evaluation of the CARMA-ARCH hybrid model accuracy indicate the
ability of the hybrid model to simulate and predict the annual values of the groundwater level in
the study area. The performance factor of the model also confirmed this. The results of the
evaluation of the groundwater network monitoring in Nazlouchai plain showed that more than
99% of the studied area is located in the surplus and the relatively surplus situation in terms of the
number of piezometers. The status of the plain in the statistical period of 2011-2016 is good, and
the transmission of information between the piezometers is complete. During the statistical period
0f 2016-2021, groundwater level changes in the study area have been reduced, which has affected
the network's groundwater monitoring. So that the areas with excess wells has been reduced to
moderate monitoring areas. In general, the results of this research indicate the necessity of using
the groundwater monitoring network and it is recommended that this monitoring be carried out
annually for different plains of Iran. Also, the results showed that with decreasing groundwater
level in the studied area, information transfer between wells is also reduced.

Conclusion: The results show that there is no complete transfer of information between the
piezometers in the study area during the statistical period of 2016-2021.
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