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This research investigates the variations in the distribution and quantity of
winter precipitation at 18 stations located in the Dez River Basin, western Iran,
during the period 1975-2024. The results from the modified Mann-Kendall test
indicate that 50% of the stations (9 stations, including Takht Dareh, Keshvar,
and Tang Pang Bakhtiari) have experienced a significant decreasing trend at
the 5% level. According to the Sen's slope estimator, the most severe decreases
(more than 3 mm per year) occurred at the Tang Pang Bakhtiari, Telezang, and
Keshvar stations, which collectively led to a reduction of more than 150 mm
over the study period. Temporal changes were primarily concentrated around
two points: 1990 and 2006, indicating the influence of large-scale climatic
factors. Furthermore, the analysis of the statistical distribution of data before
and after the change points revealed a change in the distribution type
(Changing from Weibull to Log-Normal based on Kolmogorov-Smirnov
statistics) and significant changes in statistical indices such as variance and
skewness at many stations. These findings are consistent with the predictions
of IPCC reports and other regional studies and demonstrate that the decrease in
winter precipitation is a large-scale challenge with serious implications for the
region's water resources. The results also indicate changes in the form of the
distribution function and severe changes in skewness in the sub-interval after
the change point.
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Figure 1. Location map of study area and selected stations
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Table 1. Statistical characteristics of studied data

Station St. No Max (mm) Min (mm) STD Var Average (mm)
Takht Dareh 1 732 119.5 132.4121 17532.96 309.164
Kazemabad 2 484 114 102.4635 10498.77 268.848
Keshvar 3 826 162 165.8843 27517.6 470.794
Borujerd 4 370.5 92 75.83773 5751.361 210.51
Cham sabzeh 5 776 154 141.0486 19894.71 359.03
Doroud 6 532 145 107.3664 11527.55 295.28
Marvak 7 298 40 58.82798 3460.732 150.846
Vanaee 8 910 95 152.1327 23144.37 313.37
Kamandan 9 592 73 123.3756 15221.54 281.53
Ab Barik 10 288 44 62.53474 3910.594 148.578
Chamchit 1 441 64.5 86.68708 7514.65 211.02
Sekan 12 734 117 153.6114 23596.46 315,513
Harmale 13 280 34 58.61307 3435.493 121.25
Haft tapeh 14 276.2 42 60.97246 3717.64 124.957
Dezful 15 4435 32 88.59182 7848.511 179.089
Talezang 16 819.5 91.8 169.7145 28803.03 416.039
Dez Dam 17 4975 445 108.9556 11871.33 242.158
Tang Pang Bakhtiari 18 1131 121 234.1209 54812.58 563.346
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Table 2. The results of the trend, slope of trend line, and change point of precipitation at selected stations

Station St. No Change Point MK p_value Sen Slope
Takht Dareh 1 1988 0.039 -2.350
Kazemabad 2 1980 0.462 -0.842
Keshvar 3 2007 0.026 -3.204
Borujerd 4 2016 0.821 0.203
Cham sabzeh 5 1983 0.913 0.140
Doroud 6 1994 0.036 -2.188
Marvak 7 2016 0.821 -0.130
Vanaee 8 1982 0.558 -0.769
Kamandan 9 1978 0.854 0.207
Ab Barik 10 1993 0.098 -1.095
Chamchit 11 2006 0.002 -2.313
Sekan 12 2006 0.040 -2.845
Harmale 13 2006 0.022 -1.338
Haft tapeh 14 2006 0.020 -1.385
Dezful 15 1999 0.432 -0.766
Talezang 16 2006 0.010 -4.235
Dez Dam 17 2006 0.427 -1.000

Tang Pang Bakhtiari 18 1999 0.019 -5.500
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Table 3. Changes in the statistical characteristics of the data along with their statistical distribution in two sub-intervals
before and after the change point

Distribution  Distribution  Variance Q95 Q5
Stati Mean before after percent Skewness (95th percentile)  (5th percentile)
tation change h h h percent t t
(mm) change change change change (%) percen percen
point point (%) change (%) change (%)
Takht Dareh -120.173 log-normal log-normal -50.7 -13.26 -25.2 -38.24
Kazemabad -80.28 gamma log-normal -9.95 206.62 -5.93 -39.8
Keshvar -121.944 weibull log-normal 28.85 621 -6.9 -42.07
Borujerd 37.86043  log-normal weibull -13.14 -109.45 -10.03 429
Cham sabzeh -67.9702 weibull log-normal -10.75 -469.25 -2.67 -23.24
Doroud -77.8591 weibull log-normal -27.56 581.3 -16.94 -17.05
Marvak 38.46694 gamma weibull -35.77 -161.56 0.33 49.8
Vanaee -115.35 weibull log-normal 43.48 -353.61 -1.9 -53.14
Kamandan -144.826  log-normal gamma -42.32 -8.13 -19.94 -59.9
Ab Barik -50.2601 weibull log-normal 32.15 -669.06 -2.43 -51.64
Chamchit -61.3226  log-normal log-normal 4.23 39.39 -6.39 -43.51
Sekan -140.789 weibull log-normal -78.48 50.23 -44.94 -0.45
Harmale -40.9805 gamma gamma -49.06 -20.05 -34.09 -13.01
Haft tapeh -39.1412  log-normal weibull 34.99 3137 -16.86 -47.25
Dezful -46.9042 weibull weibull -394 0.86 -10.2 -8.12
Talezang -135.296 gamma gamma 7.92 55.84 -10.16 -48.12
Dez Dam -49.1937 gamma weibull 22.45 30.96 -10.86 -32.92
Tang Pang Bakhtiari  -167.548 gamma gamma -4.37 29.04 -18.93 -48.12
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Changes in the fitted statistical distributions to winter precipitation values at the rain gauge stations within the Dez
River Basin, before and after the change point.
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