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1. Wilcox plot
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Figure 1. Location of the study basin inside the catchment area of Lake Urmia

2. Geostatistics
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1. Hot-Spot
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Figure 3. ScatterPlot Matrix diagram to show the time distribution of the studied statistics
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Figure 5. Classification of study area into hot and cold points based on Gi_Bin index and z-score
obtained from hot spot analysis
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Figure 6. Classification of the study area into hot spots and cold spots based on Moran’s coefficient of
extraterrestrial analysis
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Table 1. Results of time series study of classifying area values using Kendall’tau b coefficient for
before and after 2015

Before 2015 After 2015
Correlation Sig. (2-tailed) Correlation Sig. (2-tailed)
coefficient coefficient
Year 1 - 1 -
Area- Class 9 0.308 0.143 -0.2 0.573
Area-Class 8 0.462* 0.028 -0.67 0.851
Area-Class 7 0.41 0.051 0.2 0.573
Area-Class 6 0.026 0.903 -0.733" 0.039
3500 -
Area = 75.088t - 102647
3000 - R2=0.1551 A Area = -45.914t + 65734
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Figure 8. Class 9 area classified according to z-score by year and fitted chart
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Table 2. Results of time series of salinity values using Kendall’tau_b coefficient for before 2015

Before 2015

Sig. (2-tailed) Correlation ~ Well num. Sig. (2- Correlation Well

coefficient tailed) coefficient num.
0.024 0.477" 17 0.088 0.395 1
0.327 0.208 18 0.000 0.744™ 2
0.02 0.487" 19 0.393 0.179 3
0.143 0.308 20 0.855 0.039 4
0.329 0.205 21 0.010 0.538" 5
0.160 0.297 22 0.010 -0.538" 6
0.393 -0.179 23 0.032 0.452" 7
0.246 0.245 24 0.0498 -0.146 8
0.067 0.385. 25 0.000 -0.744™ 9
0.464 0.154 26 0.002 0.641™ 10
0.038 0.436" 27 0.582 -0.116 11
0.540 0.130 28 0.009 -0.555" 12
0.222 -0.256 29 1.000 0.000 13
0.222 -0.256 30 0.807 0.051 14
0.038 -0.436" 31 0.472 -0.168 15
0.462 0.156 32 0.143 0.308 16

WAF Jlo 3l ax ol Kendall’tau b ey yo 31 eolisw! b (5594 polie Giloj 6w o)y gl :Y Jguz
Table 3. Results of time series of salinity values using Kendall’tau b coefficient for after 2015

After 2015
Sig. (2-tailed) Correlation ~ Well num.  Sig. (2-tailed) Correlation | Well num.
coefficient coefficient

0.039 0.733" 17 0.348 0.333 1
0.039 0.733" 18 0.573 -0.200 2
0.039 0.733" 19 0.851 0.067 3
0.348 -0.333 20 0.347 0.333 4
0.039 0.733" 21 0.702 0.138 5

1.000™ 22 1.000™ 6
0.091 0.600 23 1.00 0.000 7
0.573 0.200 24 0.348 0.333 8
0.573 0.200 25 0.015 0.867" 9
0.573 0.200 26 0.573 -0.200 10
0.056 -0.690 27 0.188 0.467 11
0.091 0.600 28 0.091 0.600 12
0.188 0.467 29 0.573 0.200 13
0.348 -0.333 30 0.851 -0.067 14
0.091 -0.600 31 0.348 0.333 15
0.091 0.600 32 0.188 0.467 16
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Figure 9. The precipitation values of Miandoab station are fitted by year and graph
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Study of Temporal-Spatial Trend of Groundwater Salinity by Hotspot
and Outlier Analysis in Miandoab plain

Sanaz Javanmard!”, Behzad Hessari?
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Abstract

Groundwater as an important part of water resources in arid areas is under influence of
human and climatic factors. By illustrating the trend and fluctuation of regional water
quality temporarily and spatially, it can be managed more effectively. Traditional
methods of point data analysis cannot be used alone with high reliability, therefore the
use of GIS, Geostatistical methods, and clustering analysis are suitable ways to analyze
regional hydro-climatological phenomena. Normal spatial variability and outlier points
can be assessed using the analysis of spatial clusters that divide the data into
homogeneous groups and hotspots. These analyses determine in what situations there are
valuable high or low clustering effects. In this study, the hot spots of the groundwater
salinity of Minadoab plain and the Zarrinehrood network have been investigated. For this
purpose, the salinity(Ec) of 32 observation wells located in Zarrinehrood network in the
period of 1381 to 1399 has been used. The G* and Moran tests were used to investigate
the location of high-value points, hot spot clusters, and significant outlier values. Based
on the results obtained from both analyzes, hotspots in the western and northwestern parts
of the network have been located. The trend of salinity hot spot areas through time was
surveyed by the Man-Kendal test and the results indicate that these areas are increasing
in recent years which can be a warning about increasing pollutant levels, drought, and
contractile policies for surface water management on the shores of Lake Urmia.
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