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Abstract

In drip irrigation water quality control is crucial to prevent
scale formation and corrosion of system components. Drip
irrigation systems in the country mostly use groundwater
resources. Qazvin province is one of the provinces facing water
shortage and therefore, the use of drip irrigation has attracted
the attention of farmers. The purpose of the present study is to
investigate the quality of groundwater with regard to both
sedimentation and corrosion indices. For this purpose,
Langelier (LSI), Ryznar (RSI), and Puckorius (PSI) indices
were used to determine the scaling formation and corrosion
properties of groundwater in the study area. Then, the
geostatistical methods were used to prepare the zoning maps
of the indices. The temporal trend of changes in these indices
is then examined. According to the results of the LSI index
using Ordinary kriging, most of the area of the Qazvin plain is
in the range of 0 to 2 indicating low, moderate, and in some of
the years, high groundwater deposition. Also, according to the
results of the RSI index, most of the plain is in the range of 6
to 7, indicating low corrosiveness of the groundwater.
Indicator kriging results according to the LSI index, showed
that the area of 80% to 100% of Qazvin groundwater resources
is higher than the threshold. Also the results of the RSI index,
the highest percentage of study area, are 80% to 100% above
the threshold. Therefore, in areas where there is a problem with
scaling formation, measures such as acidification of irrigation
water or periodic acid flashing are recommended to prevent
emitter clogging.
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Table 1- Statistical analysis of LSI, RSI, and PSI indices
PSI g RSI (LS s yadld 51 S 2 (g kol a0 gl —) Joua

Years Variables N Minimum Mean Maximum SD° Skewness Kurtosis (FIJ<_\S/? Itlgset)
LSI 34 0.26 0.66 1.14 0.21 0.125 -0.07 0.2
2001 RSI 34 5.92 6.85 7.77 0.44 -0.288 0.165 0.164
PSI 34 -4.4 2.95 9.12 3.59 -0.592 -0.317 0.014
PSI* 34 1 2.59 3.81 0.68 -0.041 -0.16 0.2
LSI 44 -0.29 0.212 0.89 0.266 0.32 -0.213 0.2
2002 RSI 44 6.02 7.11 8.19 0.53 -0.022 -0.856 0.2
PSI 44 -7.89 1.95 8.37 4.08 -0.742 -0.352 0.023
PSI* 44 1 2.62 4.15 0.74 0.234 -0.568 0.2
LSI 83 0.22 0.9 217 0.33 0.537 1.428 0.2
2003 RSI 83 5.35 6.42 75 0.46 -0.121 -0.304 0.2
PSI 83 -5.33 2.55 9.22 3.56 -0.255 -0.825 0.034
PSI” 83 1 2.68 3.94 0.67 -0.259 -0.469 0.2
LSI 90 -0.04 0.39 0.97 0.22 0.582 -0.14 0.2
2004 RSI 90 6.1 6.91 7.75 0.36 0.03 -0.564 0.2
PSI 90 -6.91 2.55 9.39 3.88 -0.49 -0.342 0.094
LSI 87 0.1 0.75 1.47 0.29 -0.128 -0.517 0.2
2005 RSI 87 5.39 6.59 7.69 0.5 0.091 -0.406 0.2
PSI 87 -9.97 2.81 9.51 4.09 -0.825 0.359 0.002
PSI” 87 1 2.67 453 0.74 0.119 -0.102 0.065
LSI 88 0.25 0.99 1.81 0.34 0.056 -0.047 0.2
2006 RSI 88 54 6.32 7.6 0.5 0.635 -0.026 0.2
PSI 88 -5.48 2.68 9.09 3.52 -0.403 -0.485 0.002
PSI” 88 1 2.63 3.95 0.67 -0.2 -0.23 0.2
LSI 64 0.27 0.85 1.55 0.27 -0.86 -0.587 0.2
2007 RSI 64 5.29 6.46 7.65 0.54 0.227 -0.737 0.2
PSI 64 -0.87 4.34 8.91 248 -0.264 -0.469 0.2
LSI 63 0.47 0.81 1.37 0.22 0.61 -0.076 0.2
2008 RSI 63 5.48 6.39 7.25 0.4 0.122 -0.083 0.2
PSI 63 -3.73 3.46 8.96 3.03 -0.878 0.429 0.02
PSI” 63 1 2.48 37 0.58 0.235 0.137 0.2
LSI 59 0.43 1.05 1.66 0.268 -0.296 -0.172 0.056
2009 RSI 59 5.16 6.16 7.11 0.44 0.088 -0.737 0.2
PSI 59 -1.31 4.48 8.99 2.55 -0.728 -0.102 0.001
PSI” 59 1 2.28 3.36 0.543 0.139 -0.067 0.072
LSI 74 -0.05 0.46 0.88 0.198 -0.205 -0.319 0.2
2010 RSI 74 5.84 6.77 7.94 0.48 0.54 -0.292 0.006
PSI 74 -4.81 381 9.17 3.13 -0.408 -0.584 0.004
PSI* 74 1 243 3.87 0.64 -0.88 -0.67 0.2
LSI 72 0.12 0.44 0.74 0.13 0.087 -0.289 0.2
2011 RSI 72 6.13 6.71 7.46 0.3 0.292 -0.117 0.2
PSI 72 -1.72 4.64 9.13 2.55 -0.619 0.106 0.002
PSI* 72 1 2.27 3.44 0.55 -0.04 -0.055 0.2
LSI 48 0.1 0.38 0.8 0.147 0.438 0.417 0.2
2012 RSI 48 6.22 6.81 7.49 0.32 0.309 -0.533 0.2
PSI 48 -1.22 3.83 8.43 2.43 -0.27 -0.519 0.2
LSI 21 -0.13 0.36 0.87 0.26 0.108 -0.692 0.2
2013 RSI 21 5.97 6.67 7.45 0.43 -0.033 -0.919 0.2
PSI 21 -0.1 5.438 9 2.66 -0.614 -0.373 0.006
PSI* 21 1.02 2.04 3.18 0.63 0.065 -0.713 0.135
LSI 67 -0.01 0.452 0.99 0.242 0.045 -0.372 0.2
RSI 67 5.74 6.63 7.81 0.412 0.252 0.083 0.2
2014 PSI 67 -3.96 4.99 10.9 3741 -0.695 -0.53 0.004
PSI” 67 1 253 3.98 0.7 0.273 -0.801 0.176

aNumber of samples, ° Standard deviation, ¢ Kolmogorov—Smirnov, * transformed data
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Table 2- Characteristics of the best fitted empirical semi-variogram (ordinary kriging)
(Jgoxe i )5) (225 01552 9 e 2 00 8313 (910 (S0 (2 i Claduadio =Y g

Years  Variables Fitted model Parameters?
Nugget (CO)  Sill (CO+C)  CO/CO+C desgﬁégce A (km)
LSl Circular 0.026 0.029 0.897 Weak 43.41
2001 RSI Circular 0.04 0.216 0.185 Strong 41.6
PSI™* Tetraspherical 0.197 0.396 0.497 Moderate 56.41
LSl Exponential 0.034 0.044 0.773 Weak 44.134
2002 RSI Exponential 0.164 0.145 1.131 Weak 44.134
PSI™* J-Bessel 0.345 0.226 1.527 Weak 46.61
LSI Hole effect 0.072 0.041 1.756 Weak 35.184
2003 RSI J-BESSEL 0.123 0.1084 1.135 Weak 36.58
PSI™* Rational Quadratic 0.253 0.356 0.711 Moderate ~ 109.275
LSI Rational Quadratic 0.038 0.0712 0.534 Moderate 94.538
2004 RSI Rational Quadratic 0.1 0.15 0.667 Moderate 97.927
PSI SPHERICAL 8.214 7.167 1.146 Weak 49.887
LSI Rational Quadratic 0.064 0.033 1.939 Weak 73.986
2005 RSI Rational Quadratic 0.12 0.208 0.577 Moderate 109.735
PSI™* K-BESSEL 0.383 0.271 1.413 Weak 46.358
LSl Gausian 0.091 0.028 3.25 Weak 27.804
2006 RSI Gausian 0.145 0.155 0.935 Weak 45.864
PSI™* J-BESSEL 0.256 0.268 0.955 Weak 58.401
LSl Circular 0.0388 0.062 0.626 Moderate 70.385
2007 RSI Circular 0.1171 0.2748 0.426 Moderate 57.705
PSI J-BESSEL 7.69 171 4.497 Weak 66.191
LSI Circular 0.037 0.017 2.176 Weak 39.691
2008 RSI Hole effect 0.118 0.073 1.616 Weak 85.499
PSI™ J-Bessel 0.184 0.21 0.876 Weak 85.276
LSI k-Bessel 0.05 0.037 1.351 Weak 35.383
2009 RSI J-Bessel 0.127 0.0756 1.68 Weak 0.075
PSI™ Rational Quadratic 0.178 0.201 0.886 Weak 110.59
LSI Rational Quadratic 0.024 0.015 1.6 Weak 60.012
2010 RSI k-Bessel 0.11 0.166 0.68 Moderate 51.99
PSI™* Gausian 0.191 0.341 0.56 Moderate 48.826
LSl Rational Quadratic 1.73 0.017 101.765 Weak 14.536
2011 RSI Pentaspherical 0.019 0.084 0.226 Strong 44.657
PSI* Spherical 0.079 0.289 0.273 Moderate 45.068
LSI J-Bessel 0.0125 0.009 1.389 Weak 25.349
2012 RSI Pentaspherical 0.029 0.11 0.264 Moderate 89.412
PSI Stable 3.518 2.246 1.566 Weak 26.833
LSI Circular 0.047 0.028 1.679 Weak 21.717
2013 RSI Rational Quadratic 0.169 0.028 6.036 Weak 30.309
PSI™* Hole effect 0.2 0.255 0.784 Weak 95.19
LSl Exponential 0 0.622 0 Strong 69.6
2014 RSI K-BESSEL 0.152 0.057 2.667 Weak 25.945
PSI™* Exponential 0 0.622 0 Strong 69.6

2C0, nugget variance; C0+ C, sill; CO/CO+ C, nugget variance to sill ratio; A, range
* transformed data
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Table 3- Values of cross-validation statistics between sampled and estimated values (ordinary kriging)
(Jgoro Sz 55) 000 3,11 9 085 (510 priged padlio (o Jilihe (25, g0 lol alie ¥ Jouo

Years Variables (umi':g E/cm) RMSE MSE (pfrz]woss?cEm) (umh/;)\?/Em)O-5
LSl -0.002 0.191 0 1.002 0.192
2001 RSI -0.006 0.337 -0.011 1.075 0.311
*PSI -0.002 0.559 -0.003 0.993 0.569
LSl -0.000009 0.198 0.009 0.827 0.241
2002 RSI 0.001 0.377 -0.001 0.762 0.499
*PSI 0.005 0.603 0.007 0.94 0.657
LSl 0.0006 0.306 0.0015 1.02 0.3
2003 RSI -0.004 0.4018 -0.009 1.007 0.396
*PSI 0.013 0.549 0.016 0.989 0.551
LSl -0.0035 0.2482 -0.0108 1.101 0.222
2004 RSI 0.0042 0.3944 0.0077 1.098 0.353
PSI -0.02 3.267 -0.004 1.001 3.27
LSl -0.0003 0.2894 -0.003 1.039 0.2785
2005 RSI 0.0003 0.4027 0.00018 1.034 0.3872
*PSI 0.0027 0.6434 0.0027 0.969 0.667
LSl -0.001 0.324 -0.002 0.99 0.328
2006 RSI 0.0009 0.4398 0.0008 0.996 0.441
*PSI 0.006 0.547 0.0083 0.983 0.556
LSl -0.001 0.2405 -0.002 1.035 0.231
2007 RSI 0.006 0.474 0.006 1.07 0.428
PSI -0.026 2.74 -0.007 0.93 2.95
LSl 0.0005 0.2099 0.004 0.989 0.212
2008 RSI 0.0003 0.3457 0.00008 0.9612 0.362
*PSI 0.008 0.473 0.0166 0.996 0.476
LSl -0.0007 0.2577 -0.0038 1.029 0.25
2009 RSI -0.006 0.4083 -0.0123 1.049 0.388
*PSI 0.008 0.482 0.0152 1.021 0.467
LSl 0.003 0.172 0.019 0.974 0.177
2010 RSI -0.004 0.34 -0.007 0.92 0.378
*PSI 0.013 0.486 0.017 0.486 0.484
LSl 0.005 0.126 0.039 0.988 0.125
2011 RSI -0.004 0.2562 -0.013 1.126 0.221
*PSI 0.004 0.451 0.008 1.08 0.407
LSl 0.007 0.124 0.047 0.924 0.14
2012 RSI 0.003 0.23 0.012 0.983 0.2285
PSI -0.027 2.246 -0.017 0.996 2.247
LSl 0.0191 0.305 0.061 1.079 0.276
2013 RSI -0.022 0.475 -0.046 1.014 0.468
*PSI 0.063 0.56 0.091 1.02 0.54
LSl 0.012 0.426 0.014 0.966 0.451
2014 RSI -0.005 0.42 -0.011 0.939 0.449
*PSI 0.012 0.426 0.014 0.966 0.451
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Table 4- Area and percentage of each classes of groundwater LSI index in the study area

LSI<0 0<LSI<0.5 0.5<LSI<1 1<LSI<2 LSI>2
2001 0 0 2.63 409.02 97.11 15103.15 0.26 40.59 0 0
2002 12. 1896.96 68.81 10701.22 19 2954.59 0 0 0 0
2003 0 0 0.03 4.33 76.33 1187194 23.64 3676.49 0 0
2004 0 0 57.27 8907.5 42.14 6553.84  0.59 91.42 0 0
2005 0 0 2.58 401.54 97.42  15151.22 0 0 0 0
2006 0 0 0.37 57.14 57.27 8907.5 42.36 6588.12 0 0
2007 0 0 0 0 78.59 1222225 21.41 3330.51 0 0
2008 0 0 0 0 98.78  15363.22 1.22 189.54 0 0
2009 0 0 0 0 44.81 6968.77 55.19 8583.98 0 0
2010 0 0 62.2 9673.14 37.8 5879.62 0 0 0 0
2011 0 0 91.27 14195.65 8.73 1357.11 0 0 0 0
2012 0 0 97.72  15198.9 2.28 353.86 0 0 0 0
1392 0 0 93.7 14572.36 6.3 980.4 0 0 0 0
2013 0 0.39 70.24 10924.64  29.75 4627.72 0 0 0 0

Table 5- Area and percentage of each classes of groundwater RSI index in the study area

axllan 3 )90 039uz0 (Sure ) 15 T RSI (as L (gusgaiinb Gl WM 51 G 8 0o g coluwo —0 Jgu

RSI<4 4<RSI<5 5<RSI<6 6<RSI<7 7<RSI<7.5 7.5<RSI<9 RSI>9

Years % Area % Area b Area % Area % Area % Area % Area

km?) km?) (km?) km?) km?) km?) (km?)
2001 O 0 0 0 0 0 69.93 10875  30.07 4677 0 0 0 0
2002 O 0 0 0 0 0 0.51 79.1 34.34 5341 148 23024 0 0
2003 O 0 0 0 1.78 277 98.22 15276 0 0 0 0 0 0
2004 O 0 0 0 0 0 78.44 12200 21.56 3353 0 0 0 0
2005 O 0 0 0 3.1 4819  79.26 12328 17.64 2743 0 0 0 0
2006 O 0 0 0 5.57 866.1 89.4 13905 5.03 781.8 0 0 0 0
2007 O 0 0 0 10.21 1588  88.92 13830 0.87 135.2 0 0 0 0
2008 O 0 0 0 1.26 1958 98.74 15357 0 0 0 0 0 0
2009 O 0 0 0 13 2021 87 13532 0 0 0 0 0 0
2010 O 0 0 0 0 0 67.6 10514  31.63 4920 077 1194 0 0
2011 O 0 0 0 0 0 86.02 13378  13.98 2174 0 0 0 0
2012 O 0 0 0 0 0 79.96 12436  20.04 3117 0 0 0 0
1392 0 0 0 0 0 0 90.93 14142 9.07 1410 0 0 0 0
2013 O 0 0 0 0 0 99.3 15444 0.7 108.8 0 0 0 0
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Table 6- Area and percentage of each classes of groundwater PSI index in the study area
axdlao 5540 0090 (L) ) < PSI el guvaib by WS 51 G o do o g Coluw —F Jgu

» PSI <4 4< PSI <5 5< PSI <6 6< PSI <7 7<PSI<7.5 7.5< PSI <9 PSI>9
§ % Area % Area o Area 6 Area % Area o Area % Area
km?) km?) km?) km?) km?) km?) km?)
2001 67.68 10527 141 2193 13 2026.99 5.2 806 0 0 0 0 0 0
2002 64.44 10022 2242 3486 12 1849.28 1.3 195 0 0 0 0 0 0
2003 33.64 5231 12.33 1918 23 3567.33 26 4117 271 421.6 191 298 0 0
2004 52.68 8193 21.04 3272 21 3333.66 4.6 722 0.1 16.16 0.1 16.2 0 0
2005 42.85 6665 144 2239 24 3771.85 16 2482 18 280.6 0.74 115 0 0
2006 48.24 7502 12.98 2018 22 3490.89 12 1931 3.22 500.4 0.71 110 0 0
2007 40.67 6326 20.71 3221 22 3385.28 17 2577 0.28 43.35 0 0 0 0
2008 41.37 6434 22.98 3574 22 3426.26 14 2103 0.1 14.97 0 0 0 0
2009 18.99 2954 135 2100 23 3619.74 39 6107 4.58 711.7 0.39 60.3 0 0
2010 38.66 6012 7.41 1152 11 1751.95 10 1608 16.5 2563 15.85 2466 0 0
2011 19.77 3074 18.55 2884 13 1993.89 23 3645 17 2646 8.41 1308 0 0
2012 49.95 7768 15.02 2336 30 4680.92 4.9 768 0 0 0 0 0 0
1392 9.44 1469 10.16 1580 18 2765.44 17 2654 20.4 3173 25.15 3911 0 0
2013 23.09 3591 8.63 1343 11 1648.31 15 2323 10.3 1596 23.52 3658  8.96 1394
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Fig. 5- Zoning maps of LSI (a: 2014, d: 2010), RSI (b: 2014, e: 2010), and PSI (c: 2014, f: 2010) indices
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Fig. 6- The best fitted semi-variogram for kriging indicator in 2010 and 2014
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Table 7- Characteristics of the best fitted empirical semi-variogram (indicator kriging)
(0ad L iz 55) (2,55 @15 92 lg s 32 000 8313 (W31 S o (i pik Oladidio -V Jgua

Years Variables Fitted model Parameters

. Spatial
Nugget (CO)  Sill (CO+C) CO/CO+C depé’n donce A (km)
LSI - - - - - -
2001 RSI Hole Effect 0 0.035 0 Strong 14.308
PSI™ Gaussian 0.129 0 #DIV/0! #DIV/0! 82.19
LSI Hole Effect 0.118 0.058 2.03 Weak 16.1
2002 RSI - - - - - -
PSI* Gaussian 0.081 0.006 13.5 Weak 46.59
LSl - - - - - -
2003 RSI circular 0.073 0.1 0.73 Moderate 24.19
PSI™* Gaussian 0.074 0.179 0.41 Moderate 120.23
LSl J-Bessel 0.007 0.003 2.33 Weak 74.08
2004 RSI Gaussian 0.017 0.0315 0.53 Moderate 73.35
PSI Gaussian 0.08 0.07 1.14 Weak 83.33
LSI - - - - - -
2005 RSI Hole Effect 0.077 0.049 157 Weak 136.73
PSI™ Ration Quadratic 0.137 0.034 4.02 Weak 92.89
LSl - - - - - -
2006 RSI J-Bessel 0.144 0.097 1.48 Weak 28.6
PSI™* Gaussian 0.092 0.061 15 Weak 70.34
LSl - - - - - -
2007 RSI Ration Quadratic 0.057 0.189 0.30 Moderate 77.71
PSI Gaussian 0.155 0.037 4.18 Weak 87.15
LSl - - - - - -
2008 RSI Spherical 0.141 0.025 5.64 Weak 66.42
PSI* Gaussian 0.102 0.026 3.92 Weak 13.78
LSI - - - - - -
2009 RSI K-Bessel 0.17 0.1 2.65 Weak 41.74
PSI™ J-Bessel 0.038 0.154 0.24 Strong 14.90
LSI Hole Effect 0.008 0.007 1.14 Weak 132.61
2010 RSI Hole Effect 0 0.028 0 Strong 10.3
PSI* Gaussian 0.167 0.067 2.49 Weak 66.12
LSl - - - - - -
2011 RSI - - - - - -
PSI™ Hole Effect 0 0.216 0 Strong 13.09
LSI - - - - - -
2012 RSI - - - - - -
PSI K-Bessel 0.126 0.002 63 Weak 117.33
LSI K-Bessel 0 0.099 0 Strong 172.16
2013 RSI Ration Quadratic 0.049 0.005 9.8 Weak 72.27
PSI™* Hole Effect 0.111 0.157 0.7 Moderate 20.70
LSl Exponential 0 0.056 0 Strong 25.76
2014 RSI Gaussian 0.045 0.015 3 Weak 12.18
PSI™ Hole Effect 0.014 0.186 0.07 Strong 12.32
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Table 8- Values of cross-validation statistics between sampled and estimated values (indicator kriging)
(a3 Lo iz ) 0040 3,51 9 0 (5,13 piged padlie (ot e (5! A Jgua

Years Variables ME RMSE MSE RMSSE ASE
LSl - - - - -
2001 RSI -0.01 0.136 -0.041 0.8 0.174
PSI” -0.01 0.35 -0.029 0.96 0.372
LSl 0.002 0.416 0.001 0.944 0.43
2002 RSI - - - - -
PSI” 0.007 0.29 0.026 0.977 0.296
LSl - - - - -
2003 RSI -0.002 0.344 -0.006 0.987 0.348
PSI™ -0.002 0.324 -0.01 1.126 0.285
LSl -0.0007 0.11 -0.006 1.178 0.093
2004 RSI -0.002 0.181 -0.022 1.268 0.14
POR 0.002 0.343 0.008 1.09 0.313
LSI - - - - -
2005 RSI 0.001 0.332 0.004 1.138 0.289
PSI™ -0.0003 0.387 0.00001 0.98 0.392
LSl - - - - -
2006 RSI -0.0002 0.44 -0.001 0.977 0.45
PSI”* -0.001 0.35 -0.005 1.09 0.319
LSl - - - - -
2007 RSI -0.004 0.372 -0.014 1.1948 0.307
POR -0.001 0.382 -0.003 0.924 0.411
LSl - - - - -
2008 RSI -0.005 0.38 -0.01 0.96 0.39
PSI™ 0.0004 0.363 0.002 1.001 0.363
LSI - - - - -
2009 RSI -0.005 0.453 -0.009 1.0009 0.451
PSI” 0.016 0.402 0.03 0.97 0.4
LSl -0.0006 0.122 -0.007 1.209 0.099
2010 RSI 0.011 0.172 0.058 0.961 0.17
PSI* 0.007 0.438 0.014 1.017 0.43
LSl - - - - -
2011 RSI - - - - -
PSI™ 0.033 0.458 0.029 1.01 0.44
LSl - - - - -
2012 RSI - - - - -
POR -0.0142 0.366 -0.04 0.99 0.36
LSl 0.04 0.218 -0.436 2.896 0.0246
2013 RSI -0.009 0.231 -0.035 0.972 0.241
PSI™ 0.05 0.482 0.094 0.93 0.51
LSl 0.009 0.228 0.024 1.1 0.197
2014 RSI -0.002 0.229 -0.008 0.9 0.256
PSI™ 0.0122 0.438 0.019 1.001 0.439
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Fig. 7- Probability zoning maps of LSI (a: 2014, d: 2010), RSI (b: 2014, e: 2010), and PSI (c: 2014, f:
2010) indices
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Table 9- Area percentage of LSI probability ranges over the threshold
aliwl s 5 i LSI Y lesa ] odgume Caovlmo o yd -4 Jod

Years 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1

2001 - - - - -
2002 1.21 5.64 17.04 13.41 62.7
2003 . ; B} B} -
2004 0 0 0 0 100
2005 . ; B} B} -
2006 . ; B} B} -
2007 } - - . -
2008 . ; B} B} -
2009 N ; B} B} -
2010 0 0 0 0 100
2011 ) ) B} - -
2012 N ; B} B} -
2013 13.38 7.67 8.6 10.06 60.29
2014 0.18 0.77 1.58 45 92.97

Table 10- Area percentage of RSI probability ranges over the threshold
wliwl s 31 i RSI W loss ] gLodgamme Cavlumo duo pd =Y+ Jou

Years 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1
2001 0.24 0.26 4.19 8.42 86.89
2002 . _ ] ) ]
2003 0.71 1.78 5.21 20.67 71.62
2004 0 0 0 10.03 89.97
2005 0 0 0.93 31.56 67.51
2006 2.1 8.22 19.1 33,51 37.07
2007 3.1 4.86 10.06 26.29 55.69
2008 0.11 0.25 7.21 20.81 71.62
2009 3.17 8.09 18.39 52.51 17.84
2010 0.17 0.22 0.2 3.45 95.97
2011 ] ) ) ) ]
2012 ) _ ] ) ]
2013 0 0 0 0 100
2014 0 0 0 2.17 97.83
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Table 11- Area percentage of PSI probability ranges over the threshold
aliwl s 51 i PSS loin ] gaodguse Conlune -V JSUS

Years 0-0.2 0.2-04 0.4-06 06-08 08-1
2001 0 0 0.03 22.27 7.7
2002 0 0.01 2.69 24.33 72.97
2003 0 8.54 24.15 30.01 37.31
2004 45.31 31.81 21.9 0.98 0

2005 0 0.53 19.36 41.1 39.01
2006 0 0.28 14.58 37.25 47.9
2007 46.38 20.58 24.44 8.6 0

2008 0 2.87 13.97 26.83 56.34
2009 8.7 12.02 23.76 28.17 27.35
2010 0.56 14 34.77 20.81 29.86
2011 12.27 21.75 19.1 21.09 25.79
2012 53.14 38.19 8.67 0 0

2013 14.27 23.1 28.69 19.98 13.96
2014 28.8 22.92 21.26 14.66 12.36

o olSST il 15,5 VRS Jlude 5l osds awlxe Z 31 & jgu0
S 585 Z Jude da ol g 09 dled Jbolixe Wodly Mgy doyd O

dg —\._R>I9_'> )I.)b.’.o )a) Ao yd ) c.‘aw 2 Dlij le_J Y/C)F
.(Torabi Poudeh and Hamezadeh, 2018)
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Table 12- Results of the Mann-Kendall and Sen slope estimator tests for changes in groundwater LSI index
in Qazvin province

(938 Ul (Foj 25 T LSI ad L Ol ks W9y (owy 2 53 o 9 JINS — (0 (9031 @l VY g

Mann-Kendall Sen slope estimator
LSI classes —

Test Z Significant Q B

LSI<0 0 ns 0 0
0<LSI<0.5 1.156012 ns 449.768 2743.338

- * -

0.5<LSI<1 1.97082 856.046 13584.03
1<LSI<2 -1.117 ns 0 20.295

f(year) = Q*(year-first data year) + B
first data year: 2001

ns, *, ** and ***, respectively, indicate no significant trend and significant trend at five, one, and one-tenth

percentile probabilities, respectively.
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Table 13- Results of the Mann-Kendall and Sen slope estimator tests for changes in groundwater RSI index
in Qazvin province

(938 bl iaojpnj T RSI o L Ol i gy (w52 3 oo 9 JINS -0 a903] @l VY Jgua

Mann-Kendall Sen slope estimator
RSI classes —
Test Z Significant Q B
5<RSI<6 -0.36628 ns 0 0
6<RSI<7 1.532857 ns 226.75 11470.38
7<RSI<7.5 -1.15601 ns -168.429 3423.929
7.5<RSI<9 -0.54545 ns 0 0

f(year) = Q*(year-first data year) + B

first data year: 2001

ns, *, ** and ***, respectively, indicate no significant trend and significant trend at five, one, and one-tenth
percentile probabilities, respectively.

Table 14- Results of the Mann-Kendall and Sen slope estimator tests for changes in groundwater PS1 index
in Qazvin province

(938 Gl (o5 T PSI (ad L Ol S W9y (ot 93 oo 9 JINS -0 09031 W -V F g

Mann-Kendall Sen slope estimator
PSI classes 0
Test Z Significant Q B
PSI<4 -2.62775 falked -505 9838.5
4<PSI<5 -1.31388 ns -82.375 2663.75
5<PSI<6 -0.32847 ns -25.48 3474.13
6<PSI<7 0.985408 ns 103.2857 1397.286
7<PSI<7.5 2.367072 * 133 -148.8
7.5<PSI<9 1.797299 + 60.3 -93.25
PSI>9 1.488417 ns 0 0

f(year) = Q*(year-first data year) + B

first data year: 2001

ns, *, ** and ***, respectively indicate no significant trend and significant trend at five, one, and one-tenth percentile
probabilities.
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