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Introduction

Drought refers to the lack of rainfall in the long trun, which is one of the most important natural
disasters due to its spatial extent and short-term and long-term economic, social and
environmental consequences (Nikbakht and Moradi, 2019). Factors affecting the physical,
chemical and microbial properties of surface waters: precipitation, geographical location, climate,
geology, industrial activities, domestic wastewater, agriculture, mineral pollutants, etc. can be
mentioned (Mishra et al., 2017). In addition to drought, land use changes change the hydrological
cycle of the basin and upset the balance between rainfall, evaporation, soil permeability and
runoff (Farokhzadeh et al., 2016). Land use is one of the most important factors affecting the
quality of surface water resources, especially rivers, as land population changes, land use patterns
change. Therefore, runoff from rainfall as well as urban wastewater discharge leads to an increase
in the amount of nutrients and other pollutants into rivers and surface water sources (Moradi et
al., 2012). Tahiru et al. (2020) investigated the impact of land use change and land cover on
water quality in a catchment area in the northern region of Ghana. Their results showed that there
is a positive relationship between land use change and land cover and water quality parameters.
Soltani-Gerdefaramarzi et al., (2021) investigated the effect of land use on surface water quality
under both wet and dry periods in the Godarkhosh watershed. The results showed that barren and
residential lands had the greatest impact on surface water quality and rangeland and forest land
use showed a negative correlation with water quality parameters. Also, a strong significant
relationship was found between water quality parameters and land use in dry years. Lei et al.
(2021) investigated the effects of land cover, topography, and soil on water flow quality at
multiple and seasonal spatial scales in a German lowland catchment. Overall changes in water
quality on larger scales were estimated better in the summer. Due to the location of Iran in the
dry land belt, most of its area will experience drought during most days of the year, which will
cause changes in water and environmental resources. Biology, economic growth and
development, agricultural activities, etc. are essential; on the other hands, land use changes have
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a significant impact on surface water quality. This effect can improve or reduce the quality of
surface water. These changes have a great adverse effect on the environment and water resources,
so the control and monitoring of surface water for various uses is necessary to make water of
good quality available to the public. One of the main sources of drinking water, agriculture and
industry in Isfahan province is the Eskandari watershed and the Plasjan river. Therefore, paying
attention to water resources is one of the appropriate and necessary management measures at the
level of the entire basin. Therefore, in the current research, land use changes during two periods
of drought and drought have been investigated on the quantitative and qualitative parameters of
the Plasjan River.

Methodology

Plasjan river basin is located in the west of Isfahan province in the range of longitude 50°32'
and 50° '04 north and latitude 32° 41' and 32° 58' east. The study area is one of the sub-basins of
Zayandehrood Dam, which is located in the northern part of this basin. The Zayandehrood Dam
watershed is one of the sub-basins of the Central catchment area of Iran, which includes two
major sub-basins, the Plasjan River and the main branch of the Zayandehrood. Its average annual
discharge is 131 million cubic meters. In this study, to determine the drought period of long-term
statistics, 20 years (2000-2020), using the data of synoptics station located in Plasjan watershed,
was extracted standard precipitation index (SPI) ) and Standardized Discharge Index (SDI). Data
from TM and ETM sensors obtained from the USGS site were also used to study land use
change. In order to investigate land use changes on quality parameters, were used data recorded
by the Isfahan Regional Water Organization. In this study, land use changes during the two years
2006 and 2018 were extracted which indicate wet and dry years respectively.

Results and Discusspn

According to the Standardized Discharge Index (SDI), the trend of drought change has started
to increase in the eighties and in a period of 12 months, hydrological drought has occurred one
year after meteorological drought and has reduced the quantity of water resources of Plasjan
River. Based on the results, there is the highest correlation between the hydrological drought
index of the river in the time step of 6 months and the qualitative parameters, so the hydrological
drought index of the river in the time step of 6 months has a significant relationship with the
gualitative parameters. The correlation coefficient at this time step is positive, indicating that the
concentration of some parameters increases with increasing hydrological drought. During the wet
season, shrub land and pasture lands were concentrated around the area, which were destroyed by
drought and water stress and became barren and urban areas. In the wet period, there is a positive
and significant correlation between agricultural use and some water salts such as electrical
conductivity of water, water-soluble solids, absorption ratio of sodium, calcium, magnesium,
bicarbonate, chlorine and sulfate, which means that with increasing percentage of agricultural
area Their concentration has also increased, which in some salts, while it can be useful, causes
water hardness, which limits its use in drinking and industry. There is no significant relationship
between other land uses and water quality parameters. In the dry season, there is a significant
inverse correlation between pasture land use, chlorine and sodium at the level of 5% and was
observed a significant inverse correlation between pasture land use and sodium at the level of
1%. This means that by reducing the percentage of pasture area, the amount of sodium, sulfate,
chlorine and sodium uptake ratio also increase and reduce water quality. There is also a positive
and significant correlation between barren land use and sodium. Urban use has also led to an
increase in water-soluble solids. The relationship between land use patterns and surface water
quality parameters during dry and wet years in Watershed Plasjan is shown in Table (1).
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Table 1- Pearson correlation coefficient between land use area and surface water quality
parameters during dry and wet years in Watershed Plasjan
Year 2006 (Wet)

parameter Agriculture Shrubs Range Barren Urban
EC 0.534* -0.057 -0.087 0.120 -0.381
pH 0.208 -0.077 0.238 0.008 0.171
TDS 0.590%* -0.049 -0.150 0.195 0.366
SAR -0.634** -0.266 -0.041 -0.225 0.308
Ca,* 0.494* -0.244 0.051 0.095 -0.329
Na* 0.000 -0.284 -0.088 0.211 0.324
Mg," 0.611** 0.0570 -0.317 0.133 0.207
K 0.109 -0.166 0.452 0.095 0.297
COs* -0.139 -0.171 -0.185 0.093 0.181
HCOZ* 0.460* -0.136 -0.240 0.210 -0.073
cr 0.615** -0.063 0.225 -0.049 0.396
SO, 0.484* -0.194 -0.175 0.102 0.222
Year 2018 (Drought)
EC 0.083 -0.137 0.245 -0.138 -0.212
pH -0.163 -0.103 0.005 0.099 0.149
TDS 0.066 0.104 -0.238 0.097 0.590"
SAR -0.012 -0.005 -0.446" 0.402" 0.165
Ca,* -0.069 0.189 -0.283 0.175 -0.236
Na"' 0.002 -0.004 -0.491™ 0-176 0.018
Mg,* 0.307 -0.141 -0.109 0.153 0.281
K -0.101 -0.125 -0.162 0.205 0.333
CO5> -0.121 -0.131 -0.459" 0.104 -0.133
HCOZ* 0.249 -0.001 -0.031 0.079 0.252
cr 0.271 0.177 -0.461" -0.319 0.203
SO, -0.121 -0.050 -0.404" 0.050 -0.137

(" and “"Respectively significant at the 95% and 99% levels)

Conclusions

Given that there is a water crisis in the developed countries of the world and a large part of
surface water is controlled in them, the managers realized that the most appropriate way to deal
with the water crisis is to use water optimally and prevent its pollution. Due to the water crisis,
the phenomenon of drought can be mentioned, one of the results of drought is a sharp decline in
surface and groundwater resources. Today, the availability of sustainable water resources around
the world is one of the factors of sustainable economic and social development. The results of
meteorological and hydrological droughts indicate an increase in the intensity and persistence of
droughts, especially hydrological droughts in the following years of meteorological droughts with
a time delay of 12 months. The results show a decrease in the percentage of shrub area (16
percent) and pasture (51 percent) and an increase in agricultural (nine percent), barren (eight
percent), and urban and residential (four percent) areas. The reason for the decrease in the
percentage of the area of pasture and hand-planted shrubs in 2017 can be mentioned the
occurrence of meteorological and hydrological drought during this period in the region and the
development of residential and barren areas. The results of this research and similar researches
can be effective in improving the quantitative and qualitative status of water resources and help
managers to manage water resources before the occurrence of supply and allocation problems.
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Table 1- Classification of the weather status based on Standardized Precipitation
Index values (WMO, 2012)

Class SPI Values
Extremely wet <2
Very wet 1.5t01.99
Medium Wet 1t01.49
Mild moist 0.51t0-0.99
Approximately normal -0.49 to -0.49
Mild dry -0.5t0-.0.9
Medium dry -1to-1.49
Very dry -1.5101.99

(Nalbantis and Tsakiris, 2008) (SDI) 452895 Ob o (Jlwekis s sbedl -Y Jyu>
Table 2 - Different Modes of Standardized Discharge Index (Nalbantis and Tsakiris, 2008)

Drought situation Range Percentage probability
0 No drought 0< SDI 51.6
1 Mild drought -1< SDI<0 25
2 Medium drought -1.5< SDI<-1 12.5
3 Severe drought -2<SDI<-1.5 10.9
4 Very severe drought SDI < -2 0
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Table 3- Investigation of the effect of meteorological drought in time steps on the qualitative
parameters of Plasjan River

SPI 6 SP112 SP1 24 SPI 48

pH 0.367* 0.196 0.289 0.31
EC -0.429* -0.434* -0.419* -0.424*
TDS -0.565** -0.38 -0.36 -0.263
SAR -0.541** -0.372* -0.381* -0.261
%Na -0.572** -0.361* -0.389* -0.272
HCO; -0.002 -0.369* -0.34 -0.380*
CO; 0.242 0.179 0.234 0.179
Cl -0.152 -0.053 -0.225 -0.086
SO, -0.347 -0.176 -0.158 -0.103
Na -0.498** -0.397* -0.397* -0.29
Ca -0.229 -0.159 -0.185 -0.231
Mg -0.193 -0.552** -0.474** -0.447*
K -0.530** -0.268 -0.326 -0.238
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Fig. 3- Investigation of the impact of the temporal steps hydrological drought
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Table 4- Investigation of the effect of hydrological drought in time steps on the qualitative
parameters of Plasjan River

SDI 6 SDI12 SDI 24 SDI 48
pH -0.261 0.183 0.468* 0.491*
EC 0.684** 0.506* 0.033 -0.005
TDS 0.623* 0.317 -0.001 -0.065
SAR 0.501* 0.468* 0.258 0.197
%Na 0.448* 0.409 0.264 0.206
HCO; 0.094 0.152 0.03 0.069
CO; 0.089 0.181 0.223 0.224
SO, 0.591** 0.336 -0.078 -0.143
Cl 0.342 0.467* 0.089 0.068
Na 0.444* 0.4 0.121 0.063
Ca 0.586** 0.336 -0.148 -0.181
Mg 0.026 0.262 -0.075 -0.071
K 0.497* 0.161 0.042 -0.015
N s
% B shrublands %
™| @78 agricultural lands 2
Fig. 4- Land use distribution map in the year 2006 (Wet Year)
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Fig. 5- Land use distribution map in the year 2018 (drought)
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Table 5- Area and percentage of different land uses in the year 2006

Land users Percentage of area Area (Km?)
Rangelands 70.72
Shrubs lands 17.89 97.31

Agriculture lands 8.24 44.81
Barren lands 59.92 325.94
Urban lands 0.93 5.09

1IFAY Jlo Jloeis 50 Calise S 3yl Colun w030 § ol -1 J9u>
Table 6- Area and percentage of different land uses in the year 2018

Land users Percentage of area Area (Km?)
Rangelands 34.75
Shrubs lands 81.6
Agriculture lands 49.03
Barren lands 352.49
Urban lands 259
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Table 7- Pearson correlation coefficient between land use area and surface water quality
parameters during dry and wet years in Watershed Plasjan

Year 2006 (Wet)

parameter Agriculture Shrubs Range Barren Urban
EC 0.534* -0.057 -0.087 0.120 -0.381
pH 0.208 -0.077 0.238 0.008 0.171
TDS 0.590** -0.049 -0.150 0.195 0.366
SAR -0.634** -0.266 -0.041 -0.225 0.308
Ca," 0.494* -0.244 0.051 0.095 -0.329
Na* 0.000 -0.284 -0.088 0.211 0.324
Mg," 0.611** 0.0570 -0.317 0.133 0.207
K 0.109 -0.166 0.452 0.095 0.297
COs> -0.139 -0.171 -0.185 0.093 0.181
HCO5> 0.460* -0.136 -0.240 0.210 -0.073
cr 0.615** -0.063 0.225 -0.049 0.396
SO, 0.484* -0.194 -0.175 0.102 0.222
Year 2018 (Drought)
EC 0.083 -0.137 0.245 -0.138 -0.212
pH -0.163 -0.103 0.005 0.099 0.149
TDS 0.066 0.104 -0.238 0.097 0.590"
SAR -0.012 -0.005 -0.446" 0.402" 0.165
Ca,' -0.069 0.189 -0.283 0.175 -0.236
Na* 0.002 -0.004 -0.491™ 0-176 0.018
Mg," 0.307 -0.141 -0.109 0.153 0.281
K -0.101 -0.125 -0.162 0.205 0.333
COs* -0.121 -0.131 -0.459" 0.104 -0.133
HCOZ* 0.249 -0.001 -0.031 0.079 0.252
cr 0.271 0.177 -0.461" -0.319 0.203
SO, -0.121 -0.050 -0.404" 0.050 -0.137
(" and “"Respectively significant at the 95% and 99% levels)
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