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Background: Providing fresh water suitable for drinking and farming and living organisms in the ecosystem is essential. To
evaluate water quality, qualitative indicators are often employed for managing water resources and water quality protection and
pollution abatement.

Aim: This study evaluated the quality of Borkhar basin water resources using three different water quality indices, including
National Institutes of Health Water Quality Index (NIHWQI) having nine parameters, the Oregon Water Quality Index (OWQI)
having eight parameters, and the Canadian Water Quality Indices (CWQI) with 22 main parameters.

Material and methods: Using data for a period of 30 years, NIHWQI, OWQI and CWQI were used. To analyze water quality of
the entire basin for current and future time

New findings: Results showed that water quality of the basin was in a very moderate range according to NSFWQI, and was in a
very bad range accordingly to OWQI. Water quality forecasts showed that future water quality would be bad, based on OWQI and
moderate based on NSFWQI, whereas based on CWQI, it will be good for drinking, and bad for aquatic animals, recreation,
irrigation, and livestock use.
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Introduction

These days’ pollution and quality of water resources in developing countries have taken on an added significance (Wan et al. 2016
and Lu et al. 2015). Population growth and increased urban, industrial, and agricultural activities are polluting surface and
groundwater resources (Merrill et al., 2018). The quality of water in aquatic ecosystems (Keiser et al. 2018) and the identification of
contaminated sites and contaminants for various uses are determined by physical, chemical, and physical parameters (Sicard et
al.2018 and Geissen et al. 2015).

The effect of climate change on water quality in Middle East

Climate alteration in Middle East is one significant element that is recognized to affect water supplies and ecosystems. The key
impact of climate alteration on water quality is assigned to altering air temperature and hydrology. Water temperature in Middle
East is directly influenced through ambient air temperature and is anticipated to rise in consequence of global warming. Differences
in water temperature can effect on physico-chemical parameters (e.g., nitrification, mineralization of organic matter, etc.) in rivers
and next alter transport and concentration of contaminants. Rises in water temperature in Middle East consequence in decreased
oxygen solubility therefore decreasing dissolved oxygen (DO) concentrations and DO concentrations at which saturations happens.
Decreased DO concentrations will have an impact on the duration and intensity of algal blooms which significantly found in Middle
East areas such as Iran, Saudi Arabia, Egypt and Syria. Water pollution can decrease dissolved oxygen (DO) concentrations.
Decreased DO concentrations in Middle East areas will have an effect on the period and intensity of algal blooms. Climate alteration
is supposed to alter the availability, seasonality and changeability of flow in rivers. These hydrological effects of climate alteration
can particularly influence on water quality of basins in Middle East areas. There is a few studies that worked on estimation of water
quality under climate change effects. However previous indicated that low flow events because of climate alteration would be of a
bigger concern than high flow events in this district. Various studies emphasized that higher water temperatures and lower flow
rates throughout summer may cause deficiency to water quality in basins . For instance, a review by Bucak et al. (2018) indicated
how lower flow in summer can cause rises in phosphorus concentrations and biological oxygen demand (BOD) and decline in DO
concentrations in rivers which, in opportunity, may cause enhanced algal growth in Turkey. Under decreased flow in summer,
ammonium concentrations decline because of a rise in the nitrification rate with resulting rise in nitrate concentrations. Another
study in Syria analyzed the water quality (nutrient and dissolved oxygen concentrations) and understand that because of raised air
temperature resulting from climate alteration and increased flows to meet future water demand, so water pollution is increased. The
most factors of water quality which affected by climate change is analyzed by Noorka et al. (2015) and shows in Table 1.
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Table 1. The most factors of water quality which affected by climate change.

Major impacted components Some potential effects

Water temperature Changes in chemical quality
Water quality Water salinity Changes in biological quality

Pollutant concentrations Changes in thermal quality

Fauna and flora

One of the simplest methods is statistical, based on indicators, that can reflect the qualitative conditions of water, for water quality
management (Wu et al. 2018andLi et al. 2016). The indices, based on reducing the primary raw data plus the expression of water
quality, indicate the trend of water quality changes over time and time (Jonah et al. 2015 and Malsy et al. 2017). Previous studies
analyzed trends of water quality changes using different methods. Hariyanto et al. (2018) conducted a survey on the Porong River,
and found that the status of river water quality was in the middle class. Al-Adamat (2017) conducted a survey of surface water
quality for pollution risk using NSFWQI and WRASTIC. He showed that water quality at a river station was only in the middle range
and that at other stations was undesirable in all seasons. Das et al. (2018) investigated the quality of drinking water in the Upper
Odeesh and Oudisha area in India and showed that water was not suitable for drinking and was not at an acceptable level, and that
the water in this area after treatment could be suitable for drinking. Gissiet al. (2016) surveyed river water quality in eastern Asia
and showed that water quality of rivers was in different classes. Pati et al. (2018) showed that in the Rushikulya River basin BOD,
TS, and EC parameters of turbidity, nitrate, phosphate, and fecal coliform at the entrance of river into the plain and at the
intersection agricultural waste and residential centers with the Rushikulya River had been significantly altered and had a significant
increase at the first station. Geng (2017) surveyed river in China, and the calculated OWQI showed very poor quality of that river
during the survey period. Suratman et al. (2015) examined the water quality of a river in Malaysia using a special water quality
index and showed that agricultural activities and livestock farms around the river whose sewage entered the river led to a decrease
in water quality. An investigation by Dharmendra et al. (2018) and Mohapatra et al. (2016) on the Atarabanki River and the
Taladata canal in the Indian Paradipia region indicated that river water quality deteriorated due to industrialization and human
activities. Ding et al. (2016) investigated the quality of water in a river in China, and showed that the river water was not suitable
for local use and should be treated. Ullah et al. (2017) reviewed the quality of river water in different countries. With the use of
quality indicators, it is possible to identify areas that are threatened by pollution and manage water resources (Duan et al. 2016 and
Zhang et al.2017).There are two groups of indicators, contamination indices that increase with the increase in the number of
indexes(BCWQI) and quality indicators that decrease their indexes with increasing pollution and are called qualitative indicators, as
for example, NSFWQI, OWQI and CQWI.A brief explanation of these three indices is given below:

NSFWQI: Based on a survey of a large number of specialists with different specializations in the field, NSFWQI is a qualitative
reduction indicator (Effendi et al. 2015). . Initially, 35 contaminants were analyzed but then9 parameters were selected for
formulating the main index. These nine parameters were temperature, dissolved oxygen, biochemical oxygen demand, acidity,
nitrate, total phosphorus, total soluble solids, fecal coliform, and turbidity.

OWQI: The Oregon Water Quality Index was formulated by an Environmental Quality Issues Survey Group in 1979 (Krishan et al.
2016). This index is an indicator of water use classification and is mostly used to evaluate the quality of water for recreational
purposes. The simplicity and availability of required quality parameters (8 parameters) and the determination of sub-indices by
means of diagrams or analytical relationships are the advantages of this index.

CQWI: The CQWI was developed by the British Columbia Environment in 1990 and is one of the important indicators for assessing
surface water for the conservation of aquatic life and water use. This index, considering the required physical and biological
parameters, qualitatively considers water resources for drinking, farming, aquaculture, recreation, and livestock uses (Gitau et al.
2016). In this index there is no parameter limit and the more the parameters are the more accurate the evaluation will be (Krishan
et al. 2016). A number of studies have used the above indices to evaluate the quality of water resources. For example, NSFWQI was
used to assess the Anzali wetland water quality using data from 10 stations in 2017, which indicated the average quality of wetland
water (Fallah et al. 2017).The water quality of Karkheh Reservoir Lake was evaluated by different indices and NSFWQI was
recommended as a suitable indicator. To assess the water quality of rivers in Iran, these indices have also been used for Jajrood
River, Zohreh River, Murad Beik River in Hamedan and Karun and Dez River. In this study, NSFWQI, OWQI, and CQWI were used to
evaluate the spatial and temporal changes in the quality of Borkhar basin water resources for drinking, aquaculture, and agriculture
(Misaghi et al. 2017; Mohseni et al. 2015; Hoseinzadeh et al. 2015; Noori et al. 2019; Aazami et al. 2015; Alexakis et al. 2015and
Bhutiani et al. 2016).

Materials and Methods

In this section, the study area is explained first section and then the calculation and simulation of water quality indices and the
necessary data are explained section In section a new climate change model is analyzed in order to investigate future wet and dry
seasons and then analyze future water quality during these seasons.
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Study area

The Isfahan-Borkhar plain is situated in the Isfahan province, Iran, as shown in Figure 1. The plain is located between 51° 05’ and
51° 58’ longitude and 32° 33’ and 33°16’ latitude and its area is approximately 1643 km?2. The elevation of the plain varies from
1731to 1554 m above the mean sea level. The Zayandeh-Rud River is @ major river in the basin, which crosses through the south of
this plain. The average temperature is approximately 16°C. The coldest month is January and the warmest month is March. The
mean annual precipitation is approximately 115 mm. The average annual potential evapotranspiration is approximately 2400 mm
(Figure 1).The unconfined aquifer of Isfahan-Borkhar basin is located in the Isfahan province (Marani-Barzani et al., 2018). Based
on the structure-sedimental zoning of Iran, the Isfahan-Borkhar basin is located in the Sanandaj-Sirjan sub-zone in the central
region of Iran. About 64% of this area (2405 km?) contains alluvial plains and the remainder 36% (1367 km?) is approximately
rocky outcrops. The lithology of the rocky outcrops contains a sequence of sedimentary foundations which include permeable rocks
like limestone and dolomites (e.g., Klsol, OMgl, and Pj units), impermeable to low permeability rocks, such as shale and marl (e.g.
Kdzsh, Ksml, and Mur units), and also sandstone and conglomerate rocks (e.g. TRn and Klc units). Quaternary alluvium contains
soft alluvial zones and flood plain deposits comprising fine-grained soils (Qal). Figure 2 displays the geological map of the Isfahan-
Borkhar basin (Marani-Barzani et al., 2018).

TURKMENISTAN

ISFAHAN-BORKHAR BASIN

AFGHANISTAN

| ISFAHAN-BORKHAR
AQUFER

PAKISTAN

PERSIAN SEA

Figure 1. Location of the study area.

Methodology

The parameters required for obtaining the values of qualitative indices in the selected months are given in Table 1. For each
station, concentrations of parameters were sampled over several months, and for selected months, the monthly mean
concentrations of parameters measured on the surface, at depth, and at basin flood margins were considered. OWQI and NSFWQI
were obtained using the concentrations of parameters at several stations and the average values for several months. In this index,
each parameter was assigned a weight or numerical value to determine its effect, as shown in Table 1. The highest and lowest
weights, respectively, were related to the concentrations of dissolved oxygen in water and total solids concentration. Water quality
was classified according to NSFWQI, which varied from zero to 100, and was obtained using Eqg. 1 (Abba et al. 2015).

NSFWQI= ¥, wli Eq. 1

Table 2. Water quality classifications based on index values of NSFWQI, OWQI, and CWQI.

NSFWQI OWQI CwWQI Water
quality
0to 25 0 to 60 0to 44 Very low
26 to 50 61to 79 45 to 64 Low
51to 70 80 to 84 65 to 79 Medium
71 to 90 85 to 89 80 to 94 High
91to100 90to 100 95to 100 Very high

where n denotes the number of parameters and Ii below parameter i, and wli is the weighting factor of parameter I The charts
provided by the National Institutes of Health are available to get sub-indicators. Each of the eight parameters (temperature,
dissolved oxygen, biochemical oxygen demand, acidity, nitrogen, total phosphorus, total soluble solids, and fecal Coliform) was un-
weighted and had the same effect in the final values of the index (Talalaj et al. 2016). The same effect of the parameters with the
low value and high value on the final value of the index are the major drawbacks of this index. The description of water quality was
based on the numerical values of the water quality index explained above. NSFWQI varied from zero to 100, and is classified in
Table 2. OWQI was given by Eq. 2 (Kachroud et al. 2019):

OowQI= % Eqg. 2

Zi=1m
where n is the number of parameters, and sl is the parameter I. OWQI was calculated using the multi-month data of Table 4. In
order to increase the accuracy of index, the data of the main components and Table 3 were calculated using a software, WHO. The
software evaluated the concentrations of 22 different parameters and were compared with the standard values (Jha et al. 2015 and
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Kafrawy et al. 2017). Sampling at least four times and four parameters were needed to use this index. In the calculation of this
index, there was no parameter limitation, and the more the number of parameters, the more the accuracy of evaluation. A general
relation was obtained as formula Eq. 3 (Chirgwin et al. 2018):

CWQI=100-[vVF12 + F22 4+ F32]/1.732 Eq. 3

Table 3. Value of CWQI in the basin.

Param  Sodiu Pot Magn ZN Plumb Mercu Cru Cadmiu Arse Alumin PH hyd Temp

eter m(ppm assi esium (pp um(p ry(pp m(p m(ppm nic( um(pp raul eratu
um  (ppm) m) pm) m) pm) ) ppm m) ic re (C)
(pp ) con
m) trol
Value 33.12 3.14 22,63 51.2 0.02 N.D 0.00 N.D N.D 0.14 9.0 46.1 175
5 2 9 2

Table 4. Water quality values based on NSFWQI and OWQI and CWQI.

Parameter/station Station1l Station2 Station3 Station4 Station5 Station6 Station 7

Temperature 20 22.18 20.93 20.7 21.33 21.63 20.7
Turbidity (NTU) 1 1.19 1.20 4.34 1.90 1.94 3.02
Total solids(mg/I) 187.29 187.23 188.42 123.64 184.82 185.55 174.02
Acidity 8.93 8.97 8.84 9.59 8.85 7.87 7.67
Total 0.53 0.47 0.46 0.57 0.45 0.52 0.50
Phosphate(mg/I)

Nitrate (mg/I) 0.91 0.61 0.91 0.61 0.41 0.31 0.61
Nitrate and 0.92 0.52 0.92 0.69 0.42 0.32 0.62
Ammoniac (mg/I)

Dissolved oxygen 90.22 90.22 87.94 83.55 81.55 84.67 67.96
Biochemical oxygen 7.46 6.34 7.27 7.55 7.31 7.37 8.28
demand

Fecal Coliform 67.50 20.70 8.60 63.62 100 150.80 125.50
NSFWQI 71 73 73 67 69 68 60
OowWQI 48.16 46.12 47.54 46.38 45.66 44.84 38.12

Table 5. Water quality analysis based on CQWI.

Total Drinking Aquatic Entertainment Agriculture Livestock
F1 22 18 45 0 0 0
F2 23 26 39 0 0 0
F3 55 16 67 0 0 0
CwaQl 60 82 50 101 101 101

Category low quality  high quality low quality very high quality  very high quality  very high quality

Table 6. Water quality values based on NSFWQI and OWQI and CWQI for future time period.

Parameter/station Station1l Station2 Station3 Station4 Station5 Station6 Station 7

Temperature 21.5 23.68 22.43 22.2 22.83 23.13 22.2
Turbidity (NTU) 1.5 1.69 1.7 5.84 2.4 2.44 3.52
Total solids(mg/I) 187.59 187.53 188.72 123.94 185.12 185.85 174.32
Acidity 8.94 8.98 8.85 9.6 8.85 7.87 7.68
Total 1.01 0.95 0.94 1.05 0.93 1 0.98
Phosphate(mg/I)

Nitrate (mg/) 1.41 1.11 1.41 1.11 0.91 0.81 1.11
Nitrate and 1.42 1.02 1.42 1.19 0.92 0.82 1.12
Ammoniac (mg/I)

Dissolved oxygen 89.72 89.70 87.44 83.05 81.05 84.17 67.46
Biochemical oxygen 6.96 5.84 6.77 7.05 6.81 6.87 7.78
demand

Fecal Coliform 67.92 21.12 9.02 64.04 100.42 151.22 125.92
NSFWQI 67 70 71 65 67 66 58
owaQl 47.84 45.8 47.22 46.06 45.34 44.52 37.8

where the F1 factor was obtained by dividing parameters that were more than standard over all measured parameters in the
sampling period and expressed as a percentage. The frequency factor F2 was divided by the number of times the total of parameter
measurements exceeded the standard, and was expressed as a percentage, and factor F3 was the value obtained by using Equation
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4, First, the parameter concentrations were determined at one specific time (the standard value was greater than the standard
parameter value), so the target was divided, and from that one unit would be reduced to a degree of defeat. Then, by calculating
the mean of the normalized violation, which was obtained by dividing the total sum of violations and the magnitude of the excited
load, F3 was calculated using Eq. 4.

F3= — Eq. 4

0.01nse+0.01

The qualitative water classification was based on the numerical values of CWQI, which varied from zero to 100, as given in Table 2.

Climate change models

Normally, climate alteration predictions organized via models are not associated with the ‘real’ natural environment because of
suspicions and data errors in the models. The recently CMIP5 consequences concentrate on fill this gap with a improved resolution
for the models and also with novel climate alteration scenarios. In this paper, various productions from climate models applying
monthly output from 39 GCM which participated in the CMIP5 were applied. The innovative models are more varied and more
improved contrasted to the CMIP3. Additionally, the CMIP5, innovative models for forecasting climate alteration applying various
scenarios, like “Representative Concentration Pathways” (RCP) were developed through Van Vuuren et al. (2011). This model could
be used in order to anticipate the GHG alleviation potential. Model scenarios which were applied in this study contained historical
simulations and future forecasts. The historical models were through observed natural and anthropogenic atmospheric composition
alterations spanning 1971-2005; they utilized in order to generate a baseline against which to determine climate alteration in future
forecasts. The future forecast achieved via forcing from the RCPs. Contrasting the Special Report on Emission Scenarios (SRES) that
announced the climate forecasts for the previous CMIP experiment (CMIP3), the CO, attentiveness in RCP2.6 is lower than B1, in
RCP6.0 is a little higher than in A1B, and in RCP8.5 it exceeds A2. In this paper, all the RCP scenarios applied for 2006-2044.
However, the severest potential GHG path (RCP 8.5) for the 21st century may make the strongest planning adaptation to decrease
the potential climate alteration effects on water supplies. Many ensemble members are available for each CMIP5 scenario for the
specified model. Assuming that there are adequate models in the ensemble to organize a reliable evaluation of a potential climate
alteration signal, only one ensemble from each CMIP5 model (total 38 models) and scenarios of RCPs applied in this study. The
variables applied were: temperature, relative humidity, precipitation and wind speed. The aim of providing 38 coupled GCMs for the
various scenario of RCPs is to characterize the hesitation in climate effects growing from future climate modelling. Additionally,
biases in climate variables such as precipitation should be concentrated to; if not they will enlarge into the calculations for the
following years. In order to solve the resolution difficulties and possible errors in GCM outputs, the GCM downscaled statistically to
the meteorological stations separately. Nevertheless, in order to decrease the model error and rise the resolution accuracy this
research used an easy downscaling technique to rise the truthfulness of the model. Various downscaling techniques attempt to
improve daily timescales. In this study, because of data available, just monthly average climate data are requested and hence
calculating the high-frequency variability (the intent of more compound methods) is not necessary. In order to remove bias amongst
the GCM and reality, monthly precipitation and temperature time series from GCM and observations for a specific site for the related
reference episode is preferred, which is signified through Xp, gcm and Xp,obs respectively. Moreover, the creation from the GCM for
some future episode of the equal length as the reference episode, Xf, gcm was required. The question appears in which way to best
combine these three supplies of information into the most true projections of the unknown future observations Xf, obs to use as
input for the model of water balance. This current study improved a general technique considering obviously the change factor. The
change factor is similar to delta change methods applied for weather generators. Nevertheless, the method used here is easier; an
equally moved and scaled version of the observed time series applied for the future rather than a series taken from a weather
generator. The change factor approach used the observed monthly variability and alterations in monthly mean and variance as
modelled through the GCM. In the simplest case this is the “delta method,” where the monthly alteration is assumed to have the
equivalent magnitude in the future and reference episodes, and the corrected monthly data is represented in Eq. (1):

X DEL(t)= X p,obs(t) + (&f, gcm - Xp, gcm)  Eq. (1)
where the time mean is signified via the bar above a symbol and the result of the bracket (Xf, gcm - p, gcm) is recognized as a

climate signal.
However, in @ more general case, deliberating alterations in variance is revealed in Eq. (2):

X(f,0bs m,y)= [X f,gcm m]+[X p, obs m]-[[X p, gcm m] *[M]Eq. (2)

Gp,gcm m

where X¢obsm,y)Signifies the unknown future observation amount of variable X for a particular month, m, and year, y. The variables
involve temperature, rainfall, relative humidity, and wind speed;iﬁf_gcmm signifies the mean future simulation for a specific month and
episode of years (such as 2006 to 2044). Xp_obsm is the mean present-day observed climate for a specific month averaged through

all years of the historical episode (1971-2005), as measured from the meteorological stations in the research area;
%, gem, represents the mean simulation from GCM for a specific site for the reference episode (e.g. 1971-2005);

of ,gcmmand Op.gemm denote the standard deviations of the raw model output for the future and present-day episode for a
individual month. So as to select a model (among 39 models) and apply its climate data as an input to the model of hydrology and
water balance, CDF method used. With the CDF method, a model with the minimum bias in the raw precipitation might be chosen.
The main purpose for this selection is based on the hypothesis that GCMs with a true current climate will have a true climate
alteration signal.

Mann Kendal test

In order to understand the trend of the effect of climate change on water quality the Mann Kendal test is used. This is one of the
most common non-parametric methods for analyzing the hydrological and meteorological series. Various studies carried out using
this method indicate that it is important in applying trend analysis to time series. This method is used to assume randomness of the
data sequence against the existence of the process. The strengths of this approach can be explained by the suitability of
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applications for series that do not follow a particular distribution. The negligible influence of this method on the limit values seen in
some time series is another advantage of using this method. The null hypothesis implies that there is a randomness and lack of
trend in the data series, and the assumption of a reason is based on the trend in the data series. The steps to calculate the Mann-
Kendall are as follows:

Calculate the difference between each observation with each other and apply the sign function and extract the parameter s in
equation (1).

S=X¥R_1 Zk_1sgn(xj — xk) Equation (1)
Which sgn can calculate by Equation (2):

+1if (xj —xk) >0
Equation (2)

Sgn (x)=5 0if(xj —xk) =0

—1if (xj —xk) <0
Calculate the variance by the equation (3):
Var (s)=(n(n-1)(2n+5))/18 Equation (3)

T and g which are used in Mann-kendall ca calculate by equation 4 and 5:

T= 25/N(N-1) Equation (4)

0= |n( = D20 +5) = Z2, ¢t~ 1)(2t +5) Equation (5)

Where N is the number of observational data and M represents the number of series in which at least one duplicate data exists and
T represents the frequency of the same value data and Z is obtained from equation 6:

S—-1
JVar (s) s>0
7= 0 s=0
S+1
JJVar (s) s<0 )

In a double-sided metric to process the data series, the null hypothesis is accepted in the following condition:

Z<Za

Where a is a significant level of the test and Z is the standard distribution at the significant level A. In this research, we have
calculated for a significant level of 95%.In case of positive z, the trend of the data series is set to bullish if the downside is negative.

Results and Discussion

Table 2 shows the value of OWQI and NSFWQI. The biggest value of NSFWQI was 73 and belonged to stations2 and 3. This was
due to the proper conditions of these stations in terms of concentration of coliforms and low concentration of total phosphate in
comparison to other stations. Due to the city wastewater collection in recent years, station 7 had the lowest value. Due to the
diversion of river into the lake and the introduction of a large amount of pollutants from the agricultural land washing around the
river, it had a small NSFWQI index. In addition, the river annually entered a large amount of sediment and suspended matter into
the lake, affecting its quality and increasing the opacity at station 4.Results indicated that stations 2 and 3 were in good quality and
medium-range. In general, NSFWQI ranged from 60 to 73. The basin water was located at all stations except station 7 on the good
and medium quality boundary. Based on the average values of this index, it was within the range given in the table.

Based on Tables 3 and 4, stations 2 and 3 had the greatest grade for OWQI and station 7 had the lowest grade for OWQI. Due to
the effect of the same parameters, the low one or two sub-indexes led to a sharp drop in the final index. Because the values of
parameters were equal and the opacity was not one of the parameters, the quality at stations1, 5, and 6 was better than the quality
at station 4, in contrast to NSFWQI. Table 3: Value of CWQI in the basin. The values of NSFWQI and OWQI showed that the water
of lake was better in some months due to the dilution of pollutant concentration and the improvement of lake water quality due to
increased weather in these months. However, NSFWQI did not show much change, but for some months it was the lowest. In
general, the time variation of this indicator indicated that the lake water was in good quality range in the months of December,
February, and June, and was in the medium range in other months. But according to OWQI, the lake water quality of was in a bad
quality range in December and was in very bad range in other months. In areas where rainfall was higher, although the quality of
some of the parameters involved in the calculation of indicators improved, the amount of phosphate and nitrate in the lake water
increased due to the phosphate and nitrate fertilizer used in agricultural fields. Figure 2 and Tables 5 and 6 show the results of
CWAQI for the basin.

Future water quality
Mann Kendall test: The result of Mann-Kendall test for the most important water quality parameters is shown in Table 7.
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Table 7. The result of Mann-Kendall test for the most important water quality.

Water quality P Y4 S tau(T)
parameter
Ca 0.40 -0.83 -24 -0.14
Mg 0.55 -0.55 -17 -0.10
Ec 0.72 -0.34 -10 -0.064
TDS 0.76 -0.27 -9 -0.55
Co3 0.55 0.61 19 0.11
ph 0.0001 3.95 115 0.68
120
100
a0 — —a
g || || ||
= 60
© 40 -
mmmm Different users
20
0 I I I I = \/ery low quality
) Low quality
@ <% ¥ & R &
<° g@k_ vo?,b 6@50 {\O% ‘\Ae‘;& Medium quality
N\ AV,
@(@ v e Good quality

e \/ery good quality
Different users

Figure 2. The value of CWQI for different water users.

Figure 3 shows the value of NSFWQI for each station. Based on future climate change and defining the future wet and dry seasons,
the future water quality was calculated which is shown in table 6 and Figures 4 and 5. Based on the quality indicators used, water
quality was better in winter than in summer. The average number of indicators in cold months was better than in warm months. In
summer, due to the increase in the inflow of pollutants, the amount of river pollution was higher. This result confirmed the findings
of Collins et al. (2019) in the United States. The reasons for decreasing water quality during the summer season included the
increase in fertilizer levels, pesticides, and chemical residues due to agricultural activity. In winter, due to cold weather, the amount
of agricultural activity decreased and less wastewater entered the river. Also, high precipitation resulted in higher water quality in
winter. As mentioned in preceding sections of this paper, previous research only applied one water quality index with a few quality
parameters to analyze water quality conditions. For example, Wahid et al. (2018) used Canadian method (CCME) in Kirkuk region
for six months in 2018.Wu et al. (2018) used WQI for one year in the Lake Taihubasin in China. Also, previous studies, such as
(Kumpel et al., 2016), did not consider climate temperature which can affect water quality. In addition, there is lack of research
which used future climate change model to analyze the effect of climate change during wet and dry seasons on water
quality(Effendi, 2016).Also, in previous works, such as Liu et al., (2016), mapping zone of water quality was not analyzed. So this
research filled this gap by modeling water quality during future climate change using multi- water quality index and climate change
under a new RCP scenario. Results showed that stations 2 and 3 had better quality than the other stations, and station 4 had less
quality than other stations. Also, the water quality in the upstream was better than in the downstream. This result confirmed the
findings of Chen et al. (2016) in China.

Legend:

Station =
station 1=67

station 2=70
station 2=71
station 5=67
station 4=65
station 6=66
station 7=53

Figure 3. The value of NSFWQI for each station.
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Figure 5. Value of OWQI for wet and dry season in future.

Impact of increased air temperature on water quality

Several studies mentioned that water temperature will rise as a result of global warming. Previous studies indicated such as
Piccolroaz et al. (2016 )that water temperature will rise among 2010 and 2080 with a confirming reduce in ice thickness because of
warmer air temperatures. The uncertainty in ice cover period in their study is mainly assigned to the average flow rate applied in
their models. Ice breakup is intensely influenced through when spring runoff occurs. A decrease in the concentrations of NH4-N,
NO3-N, and PO4-P anticipated because of warmer water temperatures as a result of risen air temperatures as a result of global
warming. The most important decrease in the nutrient concentrations forecasted throughout the open-water period in relation to
the ice covered episode. A similar research by Cross et al. (2015) also indicated that nutrient concentrations in rivers decline when
air temperature rises. The reductions in nutrient concentrations may be a product of augmented phytoplankton growth, such that
more algae are using more nutrients, and thus a minor concentration of nutrients keeps in the water. A decreasing trend in total
phosphorus concentrations in winter throughout two decades (1990-19980) was discovered through Zhang et al. in a shallow
reservoir in China, which could be assigned to a rise in grazer abundance. Decreased ice cover period and ice thickness as
presented in the study of Pollard et al. (2015) because of act favorably towards phytoplankton growth as a result of better light
conditions in winter. Dissolved oxygen concentrations also anticipated in their study to decline in all months, except in January when
DO concentrations were predicted to rise a little. Hutchins et al. (2018) also predicted a decrease in DO concentrations in the River
Thames by the 2080 as a result of decreased saturation concentrations of DO and augmented biological oxygen request. In
contradiction of rivers, some climate alteration studies on the water quality of lakes represent that greater water temperatures and
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rises in oxygen request encourage the release of nutrients from sediments subsequent in more nutrient enrichment of the water
column. For example Qu'Appelle River is shallow, therefore the anoxic circumstances which might result in remobilization of
nutrients is not a major issue (Terry et al. 2018). In this current study influence of higher water temperatures on water quality of
the basin would consequently affect the water quality of the river system. Such influence was not considered in this current study.

Impact of increased/decreased flow on water quality

The modelling results are established on water quality parameter concentrations predicted at Borkhar basin, at the point where
nutrient concentrations and loadings are because of concentrations from Borkhar basin. In winter when flow increased to 14 m%/s
from the Zayandeh Rud River Dam, the increased flow led to an increase in NH4-N and NOs-N concentrations. This likely occurs
because with increased flow in the Zayandeh Rud River from the Dam relative to its base flow, the influence of NOs-N and NH4-N
inputs was declined. In contrast, the concentrations of PO4-P reduced as a result of dilution. The contribution of NH4-N, NO3-N, and
PO,-P loads (kg/day) from the Zayandeh Rud in wet seasons are on average about 45%, 38%, and 73% of the loading,
correspondingly. The rise in NOs-N and NH4-N concentrations in the wet seasons may also be because of greater nitrification and
mineralization rates. Rises in nutrient concentrations have been mentioned in various studies as the consequence of drought in wet
seasons produced through climate alteration. For instance, augmented NH4-N concentrations in a catchment in central Greece were
anticipated because of a decrease in stream dilution capacity because of climate alteration. Augmented flow in the current study
during wet seasons led to an increase in DO concentrations, which may be in response to the increased reaeration rate produced by
the greater water velocity and flow rate. Nutrient concentrations fluctuated in winter, when flow from the Zayandeh Rud River Dam
was rised from base flow to upper 6 m3/s. The rise in NO;-N concentrations and the reduction in NH4-N in November—January may
be because of the increase in DO concentrations which would cause NH4-N oxidation to NOs-N. A minor decrease in DO
concentrations in dry seasons may be the result of macrophyte die-off. From the results of this study, it can be inferred that
biological activities play a more significant role in summer when flow is lower than in winter.

Conclusion

Investigation of future water quality considering the effect of future climate change is important for sustainable water management.
Previous researchers, such as Liu (2018) and Naubi et al. (2016), analyzed water quality only for historical time period and most of
the researches, based on water quality index, used only one index. Previous researches did not combine three different water
quality indices and also did not estimate and forecast future water quality. In addition previous researches, such as (Clasen et al.,
2015 and Zhou et al., 2017), did not consider and did not analyze future water quality for different seasons. However, this paper
applied three different water quality indices and estimated future characteristics of water quality (based on water quality indices)
under climate change and scenarios (based on CMIP5 climate model and RCP scenario).Also, this study assessed future water
quality for various seasons. Although the basin water quality did not change much due to feeding through permanent springs of the
basin, but in the months when we had more rainfall, the water quality improved. In general, the results of this study showed that
water quality in the basin's aquatic core was better than at the margins. Also, the output of the basin had the lowest quality due to
the impact of city pollution. According to NSFWQI, the lake water quality was from time to time in the medium to good qualitative
range. However, according to OWQI, the lake water quality during the study period was in the bad to the very bad range. While
CWQI indicated bad water quality for drinking, it was considered bad for bad fish, and in terms of irrigation, recreation and livestock
use, it was in excellent condition. Since NSFWQI for each parameter had a certain weight, OWQI, which considered the same
weight for parameters and the opacity component was not a parameter, was more suitable for the assessment of basin water
quality. CWQI, which evaluated water quality for various uses according to the quality standards, was a useful indicator. A lot of
contaminating materials entered the basin. Due to the lack of sewage and refinery collection systems, the waste water of the
surrounding villages also flowed into the basin, which poured a lot of pollutants into the basin. Offering a suitable cultivation
pattern, preventing the development and development of sewage human activities, building wastewater collection networks and
networks for surrounding villages, informing and promoting the optimal consumption culture and the importance of intrinsic water
value, and constructing a more sedimentary dam were needed. In the course of seasonal rivers, in particular the Zayandeh-Rud
River and their annual saline layers, it was a vital factor in improving the basin water quality and achieving the goals of sustainable
water resources development, which should be at the top of development plans.

Future Studies

We assessed the potential effect of raised air temperature, produced by climate alteration, and increased flow rate, because of flow
regulation, on the water quality of the Zayandeh Rud River. Other elements like land use alteration, water quality degradation of the
basin, and climate alteration influence on catchment nutrient loadings were not analyzed in this study. Other researches have
assessed the influence of climate alteration on land use change and its consequences on nutrient loadings. Higher nitrogen and
phosphorus loadings to the river could be expected because of increased precipitation caused by global warming especially from
agricultural catchments. Additional studies on the Zayandeh Rud River to consider such effects on the long-term sustainability and
security of this water source would be beneficial. Algal dynamics were not analyzed in this study because of the lack of sufficient
measured data for validation of the model results. To simulate algal dynamics in the river system, high-frequency and continuous
sampling of the basin would be essential.
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