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Extended abstract

Introduction

Drought can have serious negative effects on the quality of water needed for irrigated agriculture. The
geological formations of the region increase the concentration of minor and rare toxic elements in the waters,
and on the other hand, human activities lead to water pollution in the nearby areas. In this research, the effect
of drought on the quality of surface water, the effect of various factors such as geological formations and the
decrease or increase of rainfall and air temperature on the quality of water resources, how the quality of water
changes, determining the limits of water consumption in the drinking sector and agriculture should be paid.

Materials and methods

The Tirah River Basin with an area of 3243.6 square kilometers is considered as one of the sub-basins of the
Dez River and a subset of the Karun Basin. The Standardized Precipitation Index (SPI), Standard StreamFlow
Index (SSI) and Decimal Index (DI) were used to calculate standard drought indices. Elements and compounds
of electrical conductivity (Ec), Total dissolved solids (TDS), pH and Anions of chlorine (CI'), Sulfate (SO4%),
Bicarbonate (HCO5), Sodium (Na), Calcium (Ca) and Magnesium cations (Mg) were investigated. To draw the
pattern of droughts, 3 hydrometric stations of Teng Mohammad Haji (upstream), Rahimabad Silakhor (middle)
and Tir-Droud (outlet) stations were tested.

Results and discussion

The most severe hydrological droughts with a duration of 2 years and a minimum SSI value of -1.23 in the Teng
Mohammad Haji Station in the water years of 2009 and 2010 and the Tir-Droud Station with a duration of 4
years (-1.19) and the Rahimabad Silakhor Station with a duration of 3 years (-1.16) occurred for the water years
2012, 2013, 2014 and 2015. The analysis of discharge and precipitation data of Teir sub-basins showed that
between the discharge and precipitation (SPI and SSI) of Tang Mohammadhaji and Rahimabad Stations, there
was an average positive correlation at a significant level of 0.05 (R?>=0.526). Examining the relationship
between annual discharge and water quality parameters showed that there was a negative correlation for most
parameters such as TDS, EC, chlorine, the total of anions and cations, so that the maximum concentration of
quality parameters occurred in droughts. In Tang Mohammadhaji Station, the highest percentage of changes
was related to sodium and chlorine, respectively, with 62.55 and 39.70% in dry years compared to the long-
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term average. The results of this research showed that the percentage of changes in calcium, magnesium,
sodium, carbonate and chloride

increased in dry years compared to the long-term average in the studied stations in the Tirah River Basin. All
the stations in the Tirah Basin have passed the period of relatively dry hydrological drought (-0.84 to -1.28) and
none of them have suffered severe hydrological drought.

Conclusion

The analysis of discharge and precipitation data of dark sub-basins shows that between discharge and
precipitation (SPI and SSI) of Tang Mohammad Haji Station, which is an upstream sub-basin of dark, there is
an average positive correlation at a significant level of 0.05 and in Rahim Abad Station, which is in the middle
of the basin It is located in Tire, and according to Pearson, it has a correlation at a significant level of 0.05 at
the exit station of Tire basin, no significant correlation is observed between discharge and precipitation
variables, which can be caused by snowfall and the persistence of snow in the heights from the previous water
year, the construction of Meruk Dam. In the upper part of the basin, as well as the water intake of Bishehdalan
Silakhor Wetland in droughts and abundant water harvesting from the Tirah River for agriculture. The upstream
basin of Tang Mohammadhaji Station is completely calcareous, which has caused changes in parameters of
calcium, TDS, EC, etc. In Rahimabad Silakhor Station and Tire outlet, half of the area of the basin is dedicated
to intrusive rocks such as granite and granodiorite, which increases potassium and calcium. In the studied
stations in Tirah River Basin, the percentage of changes related to calcium, magnesium and sodium, and
carbonate and chlorine anions have increased in dry years compared to the long-term average. In general, it can
be concluded that drought can have negative effects on water quality parameters in Tirah River Basin.
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Table 1. Specifications of used water quality measurement stations

Number Station name River Station code Longitude latitude Height Data collection period
1 Venai-Ghalerud Galehrud 259-21 48.61 33.90 2000 60-96
2 Venai-Sarabsefid Sarabsefid 257-21 48.6 3391 1980 60-96
3 Biatun Biatun 265-21 48.98 33.71 1620 60-96
4 Borujerd Galehrud 124-21 48.72 33.90 1600 82-96
5 Tapehchogha Abgarmeh 186-21 48.72 33.90 1570 82-96
6 Tang Mohamad Haji Absardeh 461-21 48.75 33.74 1570 60-96
7 Maruk-Tireh Tireh 255-21 49.05 33.66 1540 60-96
8 Rahimabad-Silakhor Silakhor 261-21 48.80 33.78 1490 60-96
9 Dorud-Tireh Tireh 267-21 49.06 33.48 1450 60-96
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Table 2. Meteorological drought classification based on SPI and SSI

Condition Range Drought situation
1 SPI>2.05 Very wet
2 1.28 <SP1<2.05 Extremely humid
3 0.84 <SPI<1.28 Relatively humid
4 —0.84 <SP1<0.84 Near normal
5 —1.28 <SPI1<-0.84 Extremely dry
6 —2.05<SPI<-1.28 Relatively dry
7 SPI<-2.05 Super dry

! Standardized Streamflow Index
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Table 3. Classification of drought intensity based on the decile index (DI)

Number Occurrence percentage Drought situation Decimal number
1 <10 Very severe drought First
2 10-20 Severe drought Second
3 20-30 Drought Third
4 30-40 Almost normal Fourth
5 40-50 Normal Fifth
6 50-60 A little more than normal The sixth
7 60-70 A little wet The seventh
8 70-80 Moist The eighth
9 80-90 Very wet Ninth
10 >90 Super moist The tenth
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Fig. 2. SPI and SSI indices calculated in Tang Mohammad Haji sub-basin on an annual scale
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Fig. 3. SPI and SSI indices calculated in Rahim Abad sub-basin on an annual scale
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Fig. 4. SPI and SSI indices calculated in the Tirah-Droud sub-basin on an annual scale
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Table 4. Meteorological and hydrological features of drought and drought periods for Tirah River sub-basins

Meteorological (SPI index)

Hydrological (SSI index)

Name of Type of Period Period
subbasin phenomenon Rainfall year Intensity (years) Rainfall year Intensity (years)
1990-1991 216 1 2008-2009 123 5
1998-1999 -1.29 5 2009-2010 -1.46
Drought 1999-2000 -1.03 2010-2011 -1.01
Tang 2007-2008 -1.78 1 20112012 -0.95 .
Mohong | 2011-2012 -1.20 1 2012-2013 -0.97
o 2013-2014 0.79
(opstroam) 1991-1992 0.93 1 1991-1992 1.75
1994-1995 1.15 1 1992-1993 2.55 .
Fruitful year 2005-2006 257 5 1993-1994 1.94
2006-2007 1.67 1994-1995 1.10
1995-1996 1.03 1
1996-1997 -1.89 1 2008-2009 -1.50 5
1998-1999 -0.88 1 2009-2010 -0.99
Drought 2005-2006 -1.54 1 2012-2013 -1.16
2007-2008 -0.89 | 2013-2014 -0.94 3
. 2011-2012 -1.63 1 2014-2015 -0.97
Ra(};ﬁﬁgad 1991-1992 1.52 5 1991-1992 1.52 5
1992-1993 0.86 1992-1993 0.86
Fruitful year 1995-1996 1.10 1 1994-1995 1.10 1
2006-2007 0.93 1 2006-2007 0.93 1
2013-2014 2.63 1 2015-2016 2.63 5
2016-2017 121 1 2016-2017 1.21
1989-1989 -1.89 1 2007-2008 -0.89 5
1997-1998 -1.65 5 2008-2009 -0.95
1998-1999 112 2011-2012 -1.19
Drought 2006-2007 -1.64 1 20122013 111 .
2010-2011 137 1 2013-2014 -0.97
. 2014-2015 -1.20
Tirah-Droud 20162017 -0.88 1
(outlet) 1990-1991 139 5 1987-1988 124 1
1991-1992 125 1989-1990 1.28 1
Fruitful yoar 1993-1994 1.67 1 1991-1992 1.54
2005-2006 127 1 1992-1993 2.18 3
2014-2015 2.05 5 1993-1994 2.59
2015-2016 0.90 1995-1996 0.94 1
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Table 5. Correlation of physicochemical parameters and daily discharge collected in the hydrometric stations of Tirah river basin

Water discharge in stations

Venai- Venai- Ral}imabad— Me_lruk— Do_rud— Biatun Tang B Parameter
Ghalerud Sarabsefid Silakhor Tireh Tireh Mohamad Haji
-0.464 -0.293 -0.641 -0.469 -0.483 -0.491 -0.211 TDS
-0.466 -0.289 -0.655 -0.467 -0.488 -0.51 -0.22 Ec
0.012 -0.028 -0.061 0.068 0.051 0.254 0.133 PH
0.00 0.081 -0.175 -0.027 0.037 -0.242 -0.725 CO3
-0.465 -0.351 -0.513 -0.377 -0.566 -0.525 -0.251 HCO3
-0.279 0.026 -0.582 -0.581 -0.434 -0.471 -0.164 Cl
-0.035 0.051 0.149 0.235" 0.083 0.181" 0.122 So4
-0.477 -0.293 -0.602 -0.467 -0.504 -0.538 -0.178 Anions
-0.176 -0.085 -0.396 0.081 -0.385 -0.331 0.072 Ca
-0.328 -0.195 -0.366 -0.513 -0.469 -0.316 -0.254 Mg
-0.105 0.136 -0.333 -0.337 -0.222 -0.389 -0.052 Na
-0.043 -0.144 -0.093 0.142 -0.068 -0.066 0.113 K
-0.423 -0.295 -0.588 -0.464 -0.497 -0.54 -0.172 Cations
-0.063 0.151 -0.284 -0.324 -0.156 -0.364 -0.033 SAR
0.012 0.148 -0.193 -0.266 -0.052 -0.302 0.04 %Na
-0.459 -0.346 -0.51 -0.365 -0.559 -0.518 -0.244 MH
-0.408 -0.329 -0.515 -0.365 -0.539 -0.481 -0.158 TH
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Fig. 5. Relationships between annual discharge and water quality parameters at Tang Mohammad Haji station
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Table 6. Comparison of water quality parameters during wet, dry and normal or near normal years with the long-term average at Tang
Mohammadhaji Station

Unit Mean Dry priod Wet period
Parameter Percentage change Mean Percentage change Mean
TDS Mg/l 243.11 9.42 266 -11.23 215.8
HCO; Mg/l 3.1 0.73 3.12 -8.81 2.82
Cl Mg/l 0.35 39.7 0.48 -27.04 0.25
Anions Mg/l 3.8 4.97 3.99 -1.59 3.51
Cations Mg/l 3.84 4 3.99 -6.98 3.57
Soy4 Mg/l 0.35 7.74 0.38 24.6 0.44
Mg Mg/l 0.96 14.6 1.11 -9.39 0.87
Na Mg/l 0.12 62.55 0.2 -35.58 0.08
TH Mg/l 184.41 1.81 187.75 -5.96 173.41
EC ps/cm 379.16 9.48 415.1 -12.42 332.08
pH - 7.71 4.09 8.03 0.61 7.76
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Table 7. Average comparison of water quality parameters during wet, dry and normal or near normal years with the long-term average in
Rahimabad station

Parameter Unit Mean Dry priod Wet period
Percentage Mean Percentage Mean
change change
TDS Mg/l 426.61 17.33 542.79 -9.73 417.6
HCO; Mg/l 44 7.11 4.72 -10.46 3.94
Cl Mg/l 2.02 3.28 2.63 -12.93 1.76
Anions Mg/l 6.97 17.17 8.16 -6.53 6.51
Cations Mg/l 7.02 16.44 8.17 -6.03 6.59
Soy4 Mg/l 0.53 53 0.81 53.99 0.81
Mg Mg/l 2.14 18.08 2.53 -12.57 1.87
Na Mg/l 1.12 35.79 1.52 17.81 1.31
TH Mg/l 284.06 14.14 324.24 -10.29 254.84
EC us/cm 710.77 17.74 836.89 -11.84 626.65
pH 7.67 2.12 7.84 0.77 7.73

o5 oSl 53 Sty aSlee b Jlo g i3 b Jlaji 5 K25 wosbye sl b o i sl el Lawgie avlio —A Jga

S99

Table 8. Average comparison of water quality parameters during wet, dry and normal or near-normal years with the long-term average in
Tirah-Duroud station

Parameter Unit Mean Dry priod Wet period
Percentage Mean Percentage Mean
change change
TDS Mg/l 425.02 4.5 444.19 -7.36 398.78
HCO; Mg/l 4.44 2.02 4.53 -12.3 3.89
Cl Mg/l 1.47 5.16 1.54 -0.18 1.46
Anions Mg/l 6.44 3.96 6.69 -4.54 6.15
Cations Mg/l 6.48 3.4 6.7 -3.91 6.23
Soy Mg/l 0.54 16.59 0.63 47.63 0.79
Mg Mg/l 1.97 3.63 2.05 -15.5 1.67
Na Mg/l 0.96 10.97 1.07 32.8 1.28
TH Mg/l 266.99 3.27 275.71 -9.7 241.08
EC us/cm 659.25 4.29 687.52 -8.37 6.4.08
pH 7.6 245 7.79 -0.7 7.55
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Table 9. Tatistical parameters of measured data in Tirah River

Discharge
Parameter @/S) SO4 Cl COs HCO; K Na Mg Ca pH TDS EC
Number of 36 36 36 35 25 36 36 36 36 36 36
samples
Mean 5.1 22.77 2922 2.14 2074 3.77 129 1595 5583 7.7 305.19 4732
Standard 3 7.73 5.87 3.96 15.06 1.71 6.17 29 5.25 0.32 34.49 53.86
deviation
Coefficient 58.82 33.95 20.1 185.1 7.26 4536 47.83 18.18 9.4 4.16 11.3 11.38
of variation
(percentage)
Maximum 18.22 36.66  40.83 15 236.5 7.18 2452 2627 64.92 8.25  385.67 590
Minimum 1.71 6.14 18.69 0 180.7 1.22 248  11.65 43 6.92  250.83 389.85
Median 4.57 22964 2798 0268 206.5 3.6328 14.65 157 56.504 7.769 295.65 4583
Scope of 16.51 30.52  22.14 15 55.84 5.96 22.04 14.62 2192 1.33  134.84 200.15
changes
crookedness 2.46 -0.06 0.3 1.95 -0.12 0.67 -0.43 1.19 -0.53 -0.85 0.5 0.47
Variance 9.01 59.82 345 15.65 2268 291 38.06 841 27.57 0.1 1189.8  2900.6
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Fig. 6. Qualitative characteristics of water sources in the Tirah River Basin
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